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.NRBagb i UNITED STATES OF AMERICA

2 . NUCLEAR REGULATORY COMMISSION

3 BEFORE THE ATOMIC SAFETY AND LICENSING BOARD

4 ----------------X
'

5 In the matter of:

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

7 (Long Island Light Company

8 ----------------X

9 Jtate Office Building

.10 Veterans Memorial Highway
'

.11 Hauppage New York

12 Monday, September 24, 1984

13 The hearing in the above-entitled matter was

O)(, 14 convened at 10:30 a.m., pursuant to notice.

15 BEFORE:

16 JUDOE LAWRENCE BRENNER,

17 Chairman, Atomic Safety and Licensing Board

18 JUDGE PETER A. MORRIS,

19 Rember, Atomic Saf ety and Licensing Board

20 JUDGE GEORGE A. FERGUSON,

21 Member, Atomic Saf ety and Licensing Board

22
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I .WRBagb i APPEARANCES: ,

|

2 on behalf of. the Applicants

(]) 3 DDES STROUPE, Esq.

4 Hunton and Williams,

5 700 East Main Street,

6 Richmond, VA. 23219

7 On behalf of the Nuclear Regulatory Commission Staffs

8 . RICHARD J. GODDARD, Esq.

9 0.ffice of the Executive Legal Director

.10 On behalf of the Intervenor, New York States

II ADRIAN F. JOHNSON, Esq.

12 On behalf of the Intervenor, Suffolk Countys

13 ALAN ROY DYNNER, Esq.,

() 14 JOSEPH J. BRIGATI, Esq. ,

15 DOUGLAS J. SCHEIDT, Esq.,

16 Kirkpatrick, Lockhart, Hill. Christopher and

17 Phillips,

18 1900 M Street, N.W. ,

19 Washington, D.C. 20036

20

21

22

23

() 24

25



'i

s

23201X)70 00 03

f ~ .WRB:gb I C0NTENTS

2 Witness Direct Voir Dire Cro ss

O 3 Arthur Sarsten)
V

4 Adam Henriksen) 23,234 23,237

5 23.256 23,274

Received6

7 . NRC Staff Diesel Exhibits I through 4 23,236

8 I - PNL Evaluation of Crankshaf t Dimensions

.9 2 - PNL Analysis. of . Torsional Stresses for Sum of

10 .24 Orders of Vibration

il 3 - PNL Analysis of Stress Levels for Single orders

12 4 - ABS letter to TDI, 5/3/84

13 INSERTS

O i4 NaC St.ft Diese1 Exhibits.i enreugh 4 23,236

23,273
15 Luncheon recess

23,322
16 Afternoon recess

17
.

IB

19

20

21

22

23

O 24

25

|
,

j

. . - - . - , , . . - . . - - - - ,...----,-.~,-,-en-- ..,,-..,..--,e~......,,-~-.--. - .-..., .n,- , , , , - , - - . , - - . - . ,



.
.

.

%

I23202
3070 01 01

l- .NR8:6 1 P R.0 C E E D I N G S-

2 PRESIDING JUDGE: Good morning. We are on the

(} 3 record.

4 Ne will note the usual appearances. I don't s.ee

5 any Counsel.for the State present, but we do have Counsel

6 for the Staff,'LILCO and Suffolk County present.

7 he have come preliminary matters-to take up

8 . before getting to the testimony.of the Staff's witness.
one minor, brief preliminary matter is that the9

4

10 Board has.reviewe,d the Proposed Resolution of Suffolk County

11 Diesel Generator Contention regarding som6 of the heads. In

12 principle, it is acceptable to us.and we have no problem

13 with it.

14 As a minor point it appeared to the Board on

15 preliminary reading that with respect to Paragraph E, which

16 . starts. on page 3, the procedure spelled out there deals with

17 the barring over and rolling over of the engines and

18 checking the engines after that procedure, but does not

spell out what the engines are being checked for and what19

20 the criteria or criterion would be for that check.
21 Under Paragraph F, which seems to deal with a

22 different routine surveillance procedure, there is an

23 explanation of that. If the parties believe the explanation

() 24 .in F applies to E, it was not clear to us on reading the

25 express agreement that it is to be so applicable.

.
,

I
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I MRBeb .I I think we understand what is involved here.

2 Perhaps we have misread something, and I just leave it as a

3 suggestion to 'the parties as something they might wish to()
4. check.

5 Presumably the object of Paragraph E, like the

6 object of Paragraph F, is the detection of any leakage.

7 MR. DYNNER: Judge Brenner, I should say for the

8 record I think we will check this. It is our understanding,

9 and it is stated in here, that there will be a modification

10 to the existing procedure that LILCO has already in place

11 for barring over, and we will check that procedure to make

J2 sure it is clear that the criteria are correct.
13 I should also state for the record that over the

( I4 . weekend I did confirm that this resolution is authorized and

15 acceptable to our client. I have mentioned to Mr. Ellis

16 that one of the things we would like an understanding on

17 that is not specified in here is that documentation of

18 inspections will be.promptly furnished to the County. But I

19 think that is a detail we can arrange.

20- And I have sent the copies of the resolution to

21 the Special Counsel to the Governor for signature on behalf

22 of the State of New York. As soon as that is returned, it

23 will be returned to me and I will distribute the copies to |

() 24 the parties. ,

25 JUDGE BRENNER: -All right. I don't want to get

i

i
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'l - WRBeb 1 further into the details of an agreement which is still in ,1

_
2 the negotiation staga, albeit final negotiation stage, and

kJ 3 we can leave it where it is right now for purposes of the
-

4 record.

5 Do you have a timeframe in mind as to when you

6 will have a final agreement for our approval?

7 MR. DYNNER: No.

8 MR. ELLIS: Judge Brenner, Mr. Dynner just spoke
~

9 to me no more than five minutes ago. It won't take LILCO

10 very long at all, but we do need to look into this latest

il request to see how it was handled in the past. And I think

12 generally documentation available to the Staff they can

13 obtain from the Staff, but I will have to look into that.

14 As far as LILCO is concerned, the time that we're

15 talking about is very minimal, this week I would hope.

16 JUDGE BRENNER: We would not like it to drift

17 beyond this week if at all possible to avoid that. We are

18 making schedule decisions, some of which we will discuss in

19 a moment, based on the supposition that the cylinder head

20 issue is going to be settled. And it would certainly not

21 assist our schedule plans to find out beyond this week that

22 that assumption is incorrect.

23 We don't expect to find that out but
O

24 .nevertheless, I think we will all feel better if the

25 agreement is executed and approved this week.

.
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I MRB:b 1 All right. On Friday morning, September 21, the

.2 . Board obtained a copy of LILCO's Motion to Admit

-() 3 Supplemental Testimony on Suffolk County Contention

,

Regarding Cylinder Blocks, and the supplemental testimony4

5 was attached. Apparently the motion had been delivered to

6 our officer some time before Friday morning, I believe late

7 Thursday.

8 We have also received at the locus of the

9 Washington National Airport this morning Suffolk County's

10 response to LILCO's motion, and we appreciate that the

.11 logistics .were such that we were able to receive it then

12 because it gave us an opportunity to read Suffolk County's

13 answer.

14 I assume, but let me check, that the other

15 parties have also received and read the paperwork I just

16 described.

17 MR. FARLEY: I just received it Judge Brenner,

18 about ten o' clock, and hurriedly tried to read it.

19 JUDGE BRENNER: All right, when you filed your

20 motion late Thursday.

21 Statt?

22 MR. GODDARD: Staff similarly received a copy at

23 ten o' clock and is in the process of reading it now.

24 JUDGE BRENNER: It is only a few pages.

25 Did the Staff reevive LILCO's motion on Friday 7

i

!

;

''

< ,
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i NRBob i 4R. 00DDARDs Yes, Friday evening.

2 JUDGE BRENNER: 1 don't understand that.
(,T
NJ 3 MR. 00DOARD: On Friday evening the Sta f f-- I

4 .was hand-delivered a copy at my home in Fairfax County,

5 Virginia. As of approximate;y two-thirty in the af ternoon

6 on Friday, I inquired of Mr. Edwin Reese, who is on the

7 service list in this case, and he had not at that time

8 received a copy of LILCO's motion and supplemental-

9 testimony.
,

10 JUDGE BRENNER: I don't want to dwell on it.

Il There was a previous problem in this case with service of a

12 LILCO document on the Staff. And whatever problem occurred

13 -- and I don't know on which and the problem occurred -- it ;

14 should not happen again.

15 MR. FARLEY: Judge, I confirmed that it was

16 delivered to the Staff at 3 55 on Thursday.

17 JUDGE BRENNER: As I said, I am not inquiring

18 into at which end the problem occurred.

19 Let me ask LILCOs Does the County's answer

20 correctly represent LILCO's position in the ma tter?

21 MR. FARLEY: No, Judge Brenner.
,

22 JUDOE BRENNER: Can you tell us your position

23 then?
O

24 MR. FARLEY: Yes, sir.

25 First of all, we delivered it to Mr. Dynner's
.

. _ _ _ _ _ _ ..___ ___ _ _ _ _ _ _ _ _ _ _ _ . _ _ _ _ _ _ _ _ _ _ _ _ . _ _ . _ _ _ _ _ _ _ _ _ . . _ . _ _ . _ . _ . _ _ _ _ _ _ _ _ _ . . _ . _ _ _-
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l WRBeb 1. office on Thursday evening. Now I realize he was en route.
'

2 The first I heard f rom Mr. Dynner was at 3:35 p.m. on Friday

(] O afternoon.

4 Getting to the merits of the matter, we are in

5 agreement that the subject matter of the supplemental

6 testimony is relevant and material. Both sides agree to

o.
7 * hat.,

.

8 As to his characterization of it as significant

9 new information, we do not agree with that. From very early

10 in this proceeding, he knew from the June report and even

11 before that, the preliminary report from Fa AA about cam

12 gallery cracking, he new about the stud-to-stud cracking,

13 and he knew that as far as FaAA or LILCO knew at that time

( -- and it was also true as of the date of the filing of theJA

15 testimony -- that there were no circumf erential cracks in

16 the original 103.

17 Now at the time we filed the testimony on August

2 .18 the 14th, it was true and correct, to the best of our

19 knowledge and information.

20 The problem was that people are continuing to

21 document the matters that we have set forth in the.

22 testimony, and in the course of that documentation, two

23 significant thingsacccurred.

( The first was that -- and we had to go to24c

25 California to confirm this -- that....
i

_._ __ _ - . _ . . _ - - _ . . . _ , - __ _ _ _ _ _ . _ _ _ , - _ __ ----
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t NRBob i JUDGE BRENNER Let me interrupt. And if you |
r

2 think you still want to proceed the way you were proceeding,

3 1 will allow it.-

4 Wy question was' whether the County has correctly

5 represented 'your position in the matter. I should have been [
:

i6 more specific.

7 ER. FARLEY: I beg your pardon. Yes, sir.

8 JUDGE BRENNER: The, position with respectL to the

9 -fact that the County is not entitled to any discovery of the

10 new matter, and to the fact apparently that you believe we i

il ghould. proceed with LILCO's testimony on the cylinder blocks

12 immediately after completing the Staff testimony on j
l'

!J3 crankshafts.
l'O

.14 4R. FARLEY: Yes. . sir, you do correctly j

15 understand our position.

16 JUDGE BRENNER: On reading your supplemental !
:

17 .. notion, it struck me, as it struck the County in their |

18 answer, that LILCO was very careful not to disclose when ;

19 they knew this information other than stating some time I
3

20 after August 14th.

21 So when did you know that there was going to be f

22 some supplemental information along the lines filed? 7

!

23 MR. FARLEY on September the 6th, in the j

() i

24 .telaphone conversation that he refers to, we advised him ,

>

25 that it was likely tt t we were going to file supplemental
r

',

,

?*

i

. .

.
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! 'WRB:b 1 . testimony. But at that particular' time the work had not
We had only learned at that time t$at it was2 been done.'

3 necessary$toconductafurtherinvestigation.-
So then the work proceeds from September 6th, and4

5 it was dilly. last. inursday that- we knew - approximstely
~

6 in the last tan day.s that we knew what the resulti of this
And as),soori as. we knew, we

7. further-investigation were.

a b . advised the Board and we cdvised'ths parties. -

'

jqx s..
,

.9 JUDGE'9RENNER: 14 hit wqrk had:not been done by
N

10 September 6th? You said you knew'comething on September
'

6the.bu,t "the work" had not been dorI4. T, -[ 31
,

MR. FARLEY: .The first thing, your Honor, was"

12 c;

th'ab we were aware that an inspection report confir$1ng that.13 so ,

14 cam gallery cracks were less than 3/8ths inches dsop could_
.

z,

15 not be located, and the photographs dealing with that-

1.6 situation were not. suffic'ient so that necessitated .an

17 ' independent Fa AA measurement 6f.. the cracks. ~ s

Secondly,anadditionalexam[nationantianalysis18 -,

.%

(}5
f

19 were performed to assess the deeper cracks?,by, one,
n ,

20 non-destructive inspection of the surface ano thi depth, andN

21 the adcond, a destructive sectioning of portions of the old j
,

22 103 block.
learocdforthe.first,kimeattheend'

23 Thirdly, we

O of. .the . week before lasb;thsh the data reductibn used by TDI
.

- -

24
N

in connecticn with its st'rbn gauge data that is referred to25.
y ,,

''
I . .\

*, f% -

'

s

\A

'

s

~

__
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| WR8:b I in our testimony was not accurate, and the basic data that

2 is referred to in that strain gauge data could not be

(~J
T

'- 3 verified.

4 So then we proceeded further with a piece of the

5 old 103 block top with the deepest stud-to-stud crack and

4 cut that up, and that showed, rather than being .5 inches

7 deep, it was only 3 inches deep.

8 JUDGE BRENNER: Excuse me. A lot of this is in

9 your testimony. What I'm not clear on is what was done

10 several weeks ago as opposed to what you first learned about

il late.last week?

12 MR. FARLEY: I.would say essentially,

13 Judge Brenner, it was the error in the data reduction of the

14 TDI strain gauge data and secondly, it was the completion of

15 the destructive examination of a portion of the old 103

16 block.

17 JUDGE BRENNER: September 6th is when LILCO first

18 knew it would have to supplement its testimony on that

19 blocks . Is that what you're telling me?

20 MR. FARLEY: I'm sorry, your Honor. I didn't hear
|

| 21 you.

22 JUDGE BRENNER: Were you telling me that

23 September 6th is the earliest date at which LILCO it would|

| 7-)'

(._/ have new information causing a need to supplement its24
1

25 testimony on the cylinder blocks?

|
.
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i TWRB;b i MR. FARLEYr We did not know that we would have

2 it on that day. We knew that we had to proceed with these
~() 3 further. investigations. '

4 JUDGE BRENNER: You did not inform the Board of
,

J

5 that.

6 MR. FARLEY: No, sir, because we didn't have the

7 results.

8 JUDGE BRENNER: .We were engaged . in complex

9 matters with regard to the schedule of the proceeding at

10 least prior to that date, and issued a ruling in connection

11 with the Staff's motion to delay the beginning of the

12 . proceeding. The hearing, if I'm correct in my memory -- and
>

13 it fades with time,very rapidly in these hearings -- started

O on September 10th, so September 6th was a rather important14

_15 data with respect to -- not as a particular date but
i

16 relative to the start of the hearing and relative to the

17 motions before us before the Staff regarding schedule.

18 lt.was an important timeframe with respect to'

19 scheduling, and I would submit to you that LILCO was Iess

20 than forthright in the matter of scheduling at least by'

.

21 ramaining silent with respect to this matter during that
f

22 period.

23 MR. FARLEY: l won't_ argue with the Board.

O 24 JUDGE BRENNER: You can argue with us. I put it
,

25 out for you to respond.

i

.

.---. - r m -w e- y .e e-,,-- , , ,----,-m,--+--=..e r-.w we , w-- - -...-w..-- - --m--.- , .- . - , *
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I .WRBab 1 (Laughter.)

.
2 MR. FARLEY: On September 6th when we were

'' 3 talking about scheduling, we scheduled -- we told the Board

4 that we wanted to schedule the block testimony last. And

5 one of the reasons'we wanted to do that was because we did

6 not now what these further investigations _ were going -to

7 reFeal.

8 JUDGE BRENNER: Yes, but also during the July and

9 August timeframe, LILCO was ready for hearing the day before

.10 we were talking about the schedule in each instance, to

il exaggerate the matter slightly, but not much. And even as

12 late as the September, the early September timeframe, and I
|

13 frankly don't remember the date we ruled on the Sta ff(s

14 motion but it was probably the last week of August or in
.

15 that timeframe, LILCO was saying it was ready for hearing.

16 That's different than saying we are ready on

17 three of the four issues and we need some accommodation on

18 the fourth issue.

19 MR. FARLEY: Judge, we were ready. Nobody--

20 From the .very beginning nobody has known that there were any

21 circumferential crackings on these blocks until old 103 was

22 cut up.last. week.

23 .Now everybody knew about the stud-to-stud crack,

24 including the County and the Staff. We thought it was five
,

1.

25 inches. When me cut up the~old block we find out it is|

|

_ _ _ . - . _ - _ . _ _ _ , - - _ . _ _ _ . _ _ _ . _ - . - _ _ . - _ _ _ . _ . - . _ . . ._ . _ _ _ _ _ _._ ..
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I MRBab 1 three inches.

2 On the cam gallery: cracking, I have already

3 related that we'were relying on inspection reports in(]):
4 connection with the testimony and in connection with our

5 representation that we.were ready on the block.- We find out

6 that the inspection reports were not availablet-the

7 photographs that are available'are insufficient, and so that

8 necessitates the further investigation.

9 JUDGE BRENNER: I'm not criticizing the further

10 investigation. I'm criticizing the lack of notice that

.11 these matters were on-going at that time, and the notice to

12 us that you did not have results yet, and as a result, we

13 should hold.off on scheduling the block testimony.

() From time to time even after this hearing started14

15 we have had some complex scheduling ma tters that had to come

16 before us because the parties could not work it out, and

17 this certainly would have been a f actor in that rather

.l.8 complex consideration.

19 Let me leave it at that.

20 MR. FARLEY: Your Honor. obviously the County and

21 LILCO have a difference of opinion but I respectfully submit

22 that tha three areas on which we want to submit supplemental

23 testimony .are not matters of substance. No opinions or

() 24- conclusions have been changed, and we should be permitted to

25 proceed with the block testimony.
| 1

|

|

|

_ , . . _ _ ._ . _ _ . _ . . _ . , _ _ - . _ . _ _ . _ - _ . . _ - - . . . - _ . . . . , , . , . - . . . . . _ . - . _ . . . - . . . . .
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RRBpp i JUDGE BRENNER: We're going to let the

2 supplemental. testimony in. .That's our starting point. The

( 3 ~ problem is what adjustments need to be made in the schedule

'4 as a result of that, if any.

5 Staff, let me get your position on the matter.

6 MR. GODDARD: It may be surplusage for the Staff

7 to state that it clearly feels this information is new and

significant in light of the Board's decision to admit this.8

9 The Staff f eels that it is of such significance that further

10 discovery..as requested by Suffolk County in their motion.

.11 the need for supplemental testimony, and the need to review

J2 that supplemental testimony will be required. Again, in the

13 Staff's view, in light of the Board's comment, the only
.

.O question apparent to us is how much time should be devoted14

15 to these matters and the scheduling of that timeframe.

J6 JUDGE BRENNER: Do you have any suggestions along

17 those lines?

18 MR. GODDAR6: No. I think that is more

The
19 appropriately a point .to be raised by Suffolk County.

20 staff would take a position based upon Suffolk County's

21 request for additional time. I will acknowledge that the

22 . NRC Staff has been informed of certain of the destructive

23 .and. nondestructive examination results prior to this time.

r
- ~ 24 . I. don't .know -- I don't believe that's the case for Suffolk

25 County.;

;
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i NRBpp. 1 JUDGE BRENNER: Well, the County has made a

2 suggestion, although a little vague as to its particular

t 3 timeframs. They want to stop the hearing cold after your
(}}

4 witness completes his testimony on crankshafts -- your

5 . witnesses. What is the Staff's view in that regard?

6 MR. GODDARD: The Staff would definitely prefer

7 to complete the crankshaft testimony because of the pending

8 nonavailability of Dr. Sarsten.

9 JUDGE BRENNER: The County's willing to do that

10 but they want to stop the hearing after that.

Il MR. GODDARD: The Staff would support a

12 suspension of the hearing insofar as it relates to blocks.

13 I have not had an opportunity ta discuss with the NRC Staff

() 14 and their consultants whether or not we should proceed

15 forward on pistons. And in the event the issue of cylinder

16 heads Ls not settled, whether. we should proceed on that

17 issue as .well prior to any break in the hearings for the

18 purpose of discovery or preparation of supplemental

19 .tsstimony on cylinder blocks.

20 JUDGE BRENNER: When can the Staff go ahead on

21 pistons?

- 22 MR. GODDARD: I.would prefer to discuss that with

23 my clients during the noon break and report back to the

(_) 24 Board at the star.t of this afternoon's session, if that
4

25 .would be permissibis?

|

[

!

'
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! JUDGE BRENNER: Could you go ahead this w.eek on j
NRBpp_

-2 pistons as a possibility? I'll give you a chance for that
,

! .3 discussion but I .want to know what the parameters might be

4 .now. .

5 .MR. GODDARD: Dr. Laity informs me that there is

6 a possibility.we could proceed on pistons as well as''

7. crankshafts.

8 JUDGE BRENNER: . All right.

Me don't want to stop the hearing before that9

10 scheduled break the week of October 8 and we don't ' intend to,

- 11' stop the hearing. So given that as your starting point,

. J2 Mr. Dynner, we would want to go ahead with the County's

13 testimony on crankshafts first and then pistons, perhaps
. () af ter the Staff's testimony on' p.istons, depending on what
'

14

15 assist to their witness problems this adjustment in the
i

~

16 schedule might give them. ,

17 If you have a s.trong. need to go ahead with

18 pistons before crankshaf ts, we'll consider it, but it would

19 have to be. strong.

20 When could we go ahead with the County's.

21 witnesses on those subjects. I have observed many of the

22 County's witnesses present throughout this hearing and I

10 will note that for the record.
O 24 MR. DYNNER: Well, I just have to ask the Board's

( 25 . indulgence to try to check with that and report back to you
,

;

;-
i

! :

1

(~
!~

. . _ - . . _ ~ _ _ . _ . . . _ . . . _ _ _ . . _ . . - _ . _ _ _ _ - . _ _ . _ . . _ . . _ . . . _ _ _ _ . _ _ _ _ _ _ _ _ _ _ _
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MRBpp- I at the noon break.

2 JUDGE-BRENNER.: All right. That's the bad news.

) .3 for you based on your motion, not all of which we agreed ,

I 4 with with regard to that matter. That is your. asserted need.
!

5 for further time to prepare your witnesses for cross

6 examination af ter' all this time it does not weigh heavily on
,

7 our mind.

8 Me do consider the fact thatsmany of your

9 witnesses overlap to be a f actor, but not a controlling one.

10 Because you.have many witnesses and many counsel, and you

il can have lead witnesses and lead counsel taking care of

12 dLscovery on the blocks,' while other lead witnesses and lead

13 counsel are here.

| 14 You also have a period of time, namely the one

J5 . weak already scheduled, when you will not be in hearing.

16 And you can use that to prepare additional testimony.'

17 lf you think that would not be sufficient, you

18 can tell me why now.

|
19 MR. DYNNER: The County's testimony on both the

20 cr.ankshafts and the pistons involves, as you.know,

21 Dr. Anderson as one of the key witnesses.

22 From what I have seen on the LILCo supplementary

23 testimony, much of it, if not most of it, will deal with

24 metalurgical matters that would necessitate, in particular.

.25 Dr... Anderson's involvement. I anticipate, although I am not

<
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) MRBpp i making.this request at this point. But I anticipate that it

.may well be that one of the things Dr. Anderson wants to do2'

(~) 3 is ask for a physical inspection of the blocks and of the
LJ

4 103 block that was smetioned.

5 I learned this morning, for the first time, and

6 l'.m very disturbed about the f act that, apparently, there

7 were also . meetings held. late last week on Thursday and/or

8 Friday between the Staf f and LILCO, in which inspections of

9 the blocks were carried out and various discussions held.

10 And I say I'm disturbed because it's been the past practice,

11 as you know, that whenever discussions of any seriousness or

12 magnitude involving this litigation were held, such as TDI

13 owner's group, they were held open and transcripts were

() 14 taken of those. meetings.

15 JUDGE BRENNER: If what occurred is, as you

16 - stated, that it would be inconsistent with past practice,

17 what you have, I think, a right to expect would continue to
'

18 be the case unless and until informed otherwise by the Staff

19 and/or LILCo.

20 MR. DYNNER: Yes, sir.

21 To get back for a moment to my reaction to the

22 scheduling, I would anticipate that, with cooperation from

23 LILCD in furnishing us discovery, and with the possibility

24 of a physical inspection in the offing that, giving us the()
25 week of the 8th only, might not be enough. And that it may

:

., , , . . - - . . - - - - - . - . . - . , , - . - . - . - - - . - . . . , - .
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RRBpp- l well be- that we.will need the following week. One week,~1n

.2 other words, to do a physical inspection when Dr. Anderson-

I) '3- -would presumably be free:to do that. And then the following

4 week to evaluate his findings and prepare our supplemental

5 tastimony.

6 So that is just my very quick, gut reaction to
_

.

7 .what you've said on the blocks.

8 JUDGE BRENNER: All.right. We.will consider

.9 that.

10 Have you considered the fact that starting on' the

11 27th of this week, Dr. Anderson can begin doing whatever it
'

12 is he needs to do and he will have from the 27th until

13 Sunday,.which .will be the 30th, to work things out. Then if

_O he has to be in hearing here the following week, and based14

15 on our desires he would be, he would also then have the

16 af ternoon of the 4th through the 14th during that break to

17 do his wor.k.

18 In addition, I could understand why you would

19 .need him, based on what you've stated to both assist in

20 discovery and possible preparation of supplemental testimony

21 on the blocks. And also to be here testifying on the other

22 subjects.

23 However, assisting in discovery is not the same

24 as having to. be -present for discove' y. You have otherr

25 witnessas .who you are relying on and Lwith direction f rom

i

L
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;WRBpp 1 Dr., Anderson, presumably, they can do a lot in terms of

2 assisting either at depositions or-formulating discovery

() 3 requests,.and so on.

4' Incidentally, the only type of discovery. we have

5 in mind would be documentary discovery, depositions, and

6 perhaps, inspection. -In other words, no interrogatories

7 othat than, perhapsi some simple requests for identification

3 of when were certain things done.

9 MR. DYNNERs Yes, sir.
>

10 I think I have taken those time elements into

il account. J.think that as we said in our response to LILCO's~

.32 motion, it is a fact that our witnesses have not been --
.

13 have not.had the benefit of preparation of their own cross

O 14 examination which is normal in these cases. Insofar as to

15 this point, some of them, as you know, including-

16 Dr. Anderson, has been absent most of the time. And others

l 17 have really been focusing their attention to dealing with
:

l8 the cross examination that is going forward.'

19 And we will have to use, I believe, every free

20 .second in preparation of our witnesses for their crass
;

21 examination. It is not simply a matter of getting up there,

22 as you well know, and answering questions without having

23 carefully.revi.ewed what they've said and then prepared.

24 And so, I'm not trying to be argumentative, but I

25 would think that, given the Board's unwillingness to suspend

.

'9 't -i te rv-<< -----,-,._._o,_ , . _ _
-
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MRBpp 1. ^ the hearing for any period of time, then we're going to have.

2- to really break our backs to get our witnesses prepared-for

3 cross examina' ion. . And that would include.over the holiday-() t

-4 period this week.

5 JUDGE BRENNER: Does the Staff have a position-

with respect to its need for. time on the cylinder blocks,6

7 and also whether the time I outlined would suit that need?
Your previous comments seem to support the County, but I8

9 need to hear more particularly as to what . the Staff thinks

10 it needs,with respect to cylinder blocks.

Il .MR. GODDARD: The Staff's need for time with .

12 regard to the cylinder block would be involved primarily

13 .with the review of the LILCO supplemental testimony as

O opposed to examination on the samples taken from the old 10314

15 block.

16 JUDGE BRENNER: Don't you. think you need to see ,

17 thos e?

18 MR. GODDARDs We already have, Judge Br.eener.

19 Dr. Bush has examined those specimens. To the extent that

20' additional examination would be required, the-Sta.ff is of

21 the opinion it would take a minimum of time.

22 Our pr.imary time concerns would be with review,

23 of the testimony, the preparation of our own supplemental

24 testimony and, finally, a review of -- and response if'

!

25 requ! red -- to supplemental testimony prepared by Suffolk

l
'

L

L
i

'
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.WRBpp 1 County in this proceeding.

2 JUDGE BRENNER: We're not going to have staggered

n/(_ 3 testimony filing timef rames now.
,

4 MR. GODDARD: . Staff appreciates that.

5 JUDGE BRENNER: Tnat was an unusual accomodation

6 last time which the staff turned around out of context af ter
7 that.

8 Putting that aside, if we were to set a date for

9 the receipt of supplemental testimony, if any, by the Staff

10 on cylinder block for near the end of, the week of the 8th --

11 either the lith the 12th, in that timeframe -- what would

12 the Staff..think of that proposal?

13 MR. GODDARD: The Staff would be ready to file

14 supplemental tastimony by that time.

15 Did you also ask, Judge Brenner, for our position

16 .with regard to the County's request for, I believe, a,

17 two. week suspension?

13 .MR. GODDARD: No, I did not. But you're free to

J9 o ff er it. ^

20 MR. GODDARD.: The Staff would support it.

21 JUDGE BRENNER.: Why?

22 >MR. GODDARD: By virtue of our evaluation of the

23 significance of the testimony received from LILCO with

O regard to the magnitude of exchanges in prior testimony as24

25 opposed to any forewarning of the Staff's evaluation of the

,

, . -, - - . - . - - - . . . _ - - - - - - , - . . . _ - - - - - - - . . . ~ , - , , , - - - - . - . . . - - - . . - - . , , , , , . . , _ . . , - - - - .--
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The
WRBpp 1 . significance for the operability of the blocks overa.11."

2 Staff i' eels that a two-week period would be appropriate.

3 This has been discussed with the ELD management. The Staff
~

h.
' 4 .would not oppose the. County's request for two weeks for

5 discovery and preparation of testimony.

6

7

8

9

x30

11

12

13

O J<

15

16

J7

J8

19

20

21;

22
:

23
;

0 24
;

25

!
'
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2-WRBcgb 1 JUDGE BRENNER: I have not discussed the Board's

2 view on the significance of the testimony or lack thereof so-!

. f ar, I merely said our . starting point would be that we would() 3

4 admi>t it. The main stimulus for that is all the parties

5 seem to agree on that point, so it did not call for much of

6 an analysis by us. It's new and if it required a ruling by

7 us we would have ruled, ev.en over opposition, that it would

a have to come in in order to give an accurate, factual
,

That's di ff erent9 picture of the present state of aff airs.

10 than saying it's highly significant.

11 And in fact, if you want.my personal opinion as

12 one Judge, while I think some of it. might become significant

13 and that's .why I agree that discovery is appropriate, based

14. on what we've seen so f ar the County's answer in my mind

|
15 exaggerates the significanceof it. The cam gallery --

14 rather the stud-to-stud cracks go to three inches instead of

17 five and a half inches. The camshaft gallery cracks, in the

18 view of LILCO at least, are less of a problem then they were

19 before. On the circumf.erential cracks, I offer no opinion.

20 I don't know enough at this time --

21 MR.. GODDARD: Excuse me, Judge Brenner, if I

22 might respond briefly.

23 JUDGE BRENNER: So why are you saying that --

O)(_ 24 MR. GODDARD: Perhaps you misinterpreted my

25 comments or perhaps I misspoke them. What I indicated was

|
.

.
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6 MRB;gb I they appear to the Staff to be significant in view of the

2 thanges to previous testimony. We are not offering any

3 opinion at this time aus to the overall significance. That()
4 was the intent of my comment.

5 JUDGE BRENNER: N611 your comment, however, was

6. in the context of the length of time needed for preparation.

-7 including both discovery and preparation of possible

8 supplemental testimony. And it was in that context that you

-9 used the description "significant." And when somebody uses

.10 that context. then we are in that context that usually means

Il there's a lot going on here, that a lot of time is n.eeded.
.

12 .And I don't see it, based on what we have in the motion

13 other than the circumf erential cracks, about which I offer'

'- 14 . no opinion. .

'

I 15 The Staff itself does not need a two-week hiatus,

16 am I correct?

17 NR. GODCARDt Jhat is correct.

18 MR. DYNNER: Judge Brenner, since we're

19 discussing schedule I raise at this time the question as to

20 .whether anything else is going on -- on-going in terms of

21 the matters at hand that could have any kind of real impact,
I-

| 22 on the case or on the scheduling. I am aware that !

1

23 discussions are on-going between LILCO and the Staff

24 considering the testing of one or more of the engines. If

25 there is agreement on that that could, of course -- again
|
|-

,

.
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2 WRBagb l- we're-back to saying Okay -- what ?ind of. testing is theret

is not the' issue, but the results of that. testing could be2

;(]) 53' very significant to this hearing. And I don't know anything-

4 about whether there is going to be agr.eement or not, I have

5 not been involved.directly in those discussions. But it

seems 'to.me as long as we're discussing this whole thing we~6

7 should get everything out on the table.

8 J'UDGE BRENNER: .We ll I suppose - it's in the nature

9 of the adversary process that whenever the Board says one

thing it seems to get exaggerated.from the. point of view of10

a party who believes it might support them on something11

12 else.

13 I gave you some support and.did it purposefully

14 in terms of the fact that the County may have been excluded()
15 -- and I emphasize the "may," I don't know what went on and

16 l'm not going to undertake a collateral inquiry -- but may

17 have been excluded from some significant results of

18 destructive examination of the old 103 block and some

19 non-destructive examination as well. I . tend to put some

20 significance on that based on our expectations given the
'

past performance in this case that when the Staff is going21

| in to perform some major observation, whether it be called22

23 an inspection or not, that the County was usually involved

24 -- not in performing the inspection itself necessarily but()
| .25 in knowing what was going on and being able to observe and

!

L
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l' MRBegb- 1- then being able to' follow up if it wished to later. My

2- comment was-in'that context.
'

() 3- Now'it sounds like you're talking.about some

'possible .on-going discussions between the Staff and LILCO4

with respect to inspections or surveillances that' may make
~

5

6 the Staff's equivocation less equivocal from LILCO's point

7 of . view I suppose.

8 That type of. discussion is perfectly permissible

9 and it's expected to go on, just as discussion between the ,

County and any other party would not be surprising, even of10

.11 a bi-lateral nature.

12 Now if it. gets to the.. point of something

13 significant that might aff ect either the substance or _ the
'

() schedule of this proceeding,- we would expect to hear about14

15 it promptly.

16 I have already given my opinion that in my view

17 we did..not promptly hear about the possible eff ect on the

18 schedule of LILCofs on-going work with respect to those

19 cylinder blocks on a timely basis and I assume that they

I 20 .will not err again in the near time frame in that regard.
.

21 So they have all these remarks to consider. But
i

22 the mere discussions.among parties is not prohibited. I

! 23 don't expect them to come to me every hour and say Oh by the
,

'C:) way two people on our staff talked about this subject and4
24i

25 maybe we're going to make some headway on its that's a
;

e

, _ " . . _
_ . _ _ _ _ _ _ _ . - . . _ _ . . _ _ _ _ .-- _l_ . . _ _ _ _ _ . . . _ _ .
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l WRBagb I wholly different matter.

You're _ nodding "yes," maybe I've made my point.2
(m(-) 3 MR. DYNNER: .Yes, I .was nodding. I did not mean

to -- my remarks should.not be interpreted as a criticism of4

5 the Staff having some meetings of .that nature with LILCO

6 without our being present. I was only raising the issue.

7 which I think you have responded to, about the possibility

8 of other significant matters being -- maybe having an

9 impact.

10 But enough said. I was nodding in response to

11 that aspect of four remarks.

12 JUDGE BRENNER: It was my belief -- getting back

13 to schedule -- that we would complete the Staff's testimony
O 14 on crankshafts today. .We have taken some time away f rom

15 that project and my estimate may prove to be wrong, but that

16 was my expectation.

17 Does anybody know anything that would disabuse me

18 of that notion?

19 The County?

20 MR. DYNNER: No, sir.

21 JUDGE BRENNER: LILCo?

22 MR. ELLIS: Judge Brenner, I am under ther

i

23 impression that Dr. Sarsten will be the witness and I have
O submitted a cross-examination plan relating strictly to24

25 Dr. Sarsten, and I wou.1d certainly hope we could finish

|

I
:

- _ _ - - - . . . . _ _ _ _ _ . -
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3_ MRBcgb 1 today.

2. JUDGE BRENNER: I thought he was going to be up

('1
- \_/ . 3 there with Witness Henrickson also.

4 #R. ELLIS: -I was not aware of. that. I thought

5 it was Just Dr. Sarsten.
6 JUDGE BRENNER: They are co-authors of almost all

7 the ans.wers.

8 Staff, can you enlighten us?

9 MR.. GODDARD: Dr. Sarsten and Mr. Henricksen are-
.,

10 co-authors of much of the- testimony, excluding that dealing

11 .with analysis of. torsional vibrations and --

12 . JUDGE BRENNER: They'll be up there together?

', 13 MR. GODDARD: They will be up there together,
| ()

14 yes.

15 The Staff would also empanel with them Dr. Bush.

16 who has already testified as to two questions .in the-

17 crankshaft areas solely for the basis of expediting matters
,

18 if it turns out that some of the questioning crosses back

19 into the line of the two answers which he has already spoken

20 to.

21 JUDGE BRENNER.: I would not be in favor of that.
i

|. 22 We have finished the opportunity for cross-examination on
!

23 that. He was expressly noted to be up there for that.'

(:)
'

24 MR. GODDARD: Very good.

25 JUDGE BRENNER: I have enough trouble making
;

i

f
i

.
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NRBsgb. I progress on new ground.~

J

2 MR. - GODDARD: A11' right, Judge Brenner.

I)L 3 MR.~DYNNER: Can I. add one other. element -which

may impact _your ruling on.the scheduling matters?4

-5 JUDGE BRENNER: Surely.

4 MR.1DYNNER:- Professor Sarsten, it is my
.

7 understanding this will be his last week -- next week will

8 be his last week.
,

9 MR. GODDARD: Next week.

'10 MR. DYNNER: I would like to reqirest that the

il Board permit us to proceed next out of turn with the

12 . cross-examination of the Staff witnesses on pistons. That

| 13 would give us the opportunity, first of all, to make sure
__

. .

that we have Professor.Sarsten's cross-examination14
,

]' 15 completed. Secondly, it would give us -- since this is a
'

16 short week, the holiday period this week -- to do some

| 17 witness preparation so that our witnesses will be better.

18 prepared to start next week.
!

19 So I would just like to throw that out as a

*

20 r.squest for_ consideration.,

21 JUDGE BRENNER.: Well I had precisely -that in mind,

22 when earlier this morning I asked the Staff if they could go
I
i- 23 ahead with their testimony on pistons. I'm not going to

24 ' order them to do it if they say they can't, but if they say

yes, we .will do that precisely for the reasons you indicated25

!

.
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1: .WRBigb; I so that you will not have to bring 'all your witnesses in

2' here for a short. week. That's the main reason. And the |
\

3 fact-that we will give you some other time for further |

f~][
4 witness preparation is a. bonus.

5 MR. GODDARD: Judge Brenner, the Staff will be

6 amenable to proceeding on that . basis and having the Staff

7 panel on pistons cross-examined immediately af ter

8- .Dr. Sarsten and Mr. Henriksen.are cross-examined on the

9 crankshafts.

10 JUDGE BRENNER: All right. We'll do that. That

11 will be our testimony for this week. If we have only half-a
~

12 day left on Wednesday, we will not require the County

13 witnesses to be here to begin their testimony for that half

() 14 a day unless they are here anyway.

15 Are they here anyway?

16 MR. DYNNER: No, sir. Professor Anderson is not
~

'17 here and. others -- as you can see -Professors Christensen and

18 Mr. Ely and Mr. Hubbard are here but those are the three who

19 are here. The others are not.

20 JUDGE BRENNER: All right.

21 Next week, Monday, we would start with the

22 County's testimony on crankshafts. Unless there is a strong

23 reason to do business first, we would prefer taking up

O 24 crankshaft = first.

25 Then we will go to the County's testimony on

.

i
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1 WRBcgb 1 pistons whether Lit occurs before or af ter the break and our- l
i
!

2 , schedule depends.on when'it would occur.
Then af ter the_ break -- we will decide how long.q) 3

4 the break shall be -- we will start with LILCO's testimony

5- on cylinder blocks either. right away or af ter completion of
the. County's testimony on pistons, if that has not yet been6.

7 . completed. And then we would go, in turn..to the County and

8 ' Staff on cylinder blocks.
>

9 That's all we have lin terms of preliminary .

10 ma tters.

.11 Does anybody have anything else?
,

12 We will let you know about the length of the

13 break as..soon as .we have decided.

O. 14 MR. ELLIS: Judge Brenner, the cross-examination

15 plan which we delivered to the Board this morning is just
I 16 for Dr. Sarsten.

17 JUDGE BRENNER: I believe, and my memory may be -

18 incorrect, that Gr. Henriksen is not the sole author of- any'

19 answer so a plan geared to Prof essor Sarsten will

20 necessarily cover all the pertinent answers anyway.

21 MR. ELLIS: I think all of those areas are areas

22 that are not Professor Henriksen's, they are all Professor

23 Sarsten's.
,

24 JUDOE BRENNER: Unless you have an objection, we|-- - -

25 will let them act as a panel and they can both respond.
,

+

|=
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1 WRB:gb I LILCD is going to cross-examine first and then the County.

-2 .MR. ELLIS: That's right, Judge Brenner.

3 JUDGE BRENNER: Okay. We can swear the witnesses.(]
4 in.

5 MR. GODDARD: The Staff calls Professor Arthur

6 Sarsten and Mr. Adam Henriksen to the stand.

7

8

9

10

.11

'12
f

' |

13

O1

i4

| 15

16

17
:

4

18

19

20
!,

21
>

22 ,

23
.,

24-

;

! 25

i
,

L
|
,
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2'ERBpp 1 JUDGE BRENNER: .Why don't you introduce them, ,

1

l
2 then we can swear them in?

'i 3 MR. GODDARD: The Staff calls Mr. Arthur Sarsten ,

(J \

!u.

4 and Mr. Adam Henriksen to the stand. prof essor Sarsten is

5 sitting on the right of the panel. 1

6 JUDGE BRENNER: All right.

7 Whereupon,

8 ARTHUR SARSTEN

9 and

10 ADAM HENRIKSEN

11 .were called as witnesses and, having been first duly sworn,

12 were examined and testified as follows:

13 DIRECT EXAMINATION

() 14 BY MR. GODDARD:

15 0 Professor Sarsten and Mr. 'Henriksen. I ask you if

16 you have before you a copy of the NRC Staff testimony, the

17 relevant pages being page 9 through page 21 inclusive, and

18 Exhibits I through 4 thereof?

19 A (Witness Sarsten) We do.

20 0 Insofar as each of you are identified therein as

21 the sponsors of answers to individual questions--

22 JUDGE BRENNER: .Mr. Goddard, I think you have the

23 pages wrong. It would be 9 through the middle of 18.

(m,) 24 MR. GODDARD: You are correct 9 through the

25 middle of page 18, and Exhibits I through 4.

|

|

|

L
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l~ WRB;b I BY MR. GODDARD:

2 0 I ask you, to the extent that you are identified

3 as the witness sponsoring such answers, whether they are()
4 'true and correct to the best of your knowledge?

5 A (Witness Sarsten) They are.

6 A (Witness Henriksen) They are.

7 0 Although not prepared by you, to some degree are

8 .the Exhibits I through 4 true and correct to the best of
'i

your knowledge, to the extent chat you have relied upon them9

10 in your testimony?

11 A (Witness Sarsten) They are.

12 A (Witness Henriksen) They are.

13 O Are there any corrections to that testimony that

14 you would like to make at this time, prior to it being

15 introduced into evidence?

16 A (Witness Sarsten) Exhibit 2 shows a preliminary

17 plot of the torsional vibratory stresses in the TDI

18 eight-cylinder crackshaft. This is with negligible damping.

19 I have later had time to repeat these

20 calculations using larger values of damping and this brings

21 some of the resonant peaks down slightly, but it does not in

22 any way altar my conclusions.

23 0 Thank you, Dr. Sarsten.

24 Are there any further corrections from either of

25 you?

, .

_ _ _ _ . . _ . _ _ _ .__ _ . _ . , _ _ _ _ _ _ , _ . . - . . _ , . _ ___-- _ _ . _ . _ _ _ _ . _ _ _ . . . _ _ . , _ _ _ . , _ , _ . . . . _ . _ . . _ _ _ . . .-
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2 -MRB;b I A No.

2 A (Witness Henriksen) No.

(c\,) 3 0 Fine.

4 MR. GODDARD: As corrected, the NRC Staff moves

5 that the testimony be bound into the record as though read.

6 accompanied by Exhibits I through 4.

7 JUDGE BRENNER: The testimony of course was

previously bound in on September 20th and appears in that8

.9 t ranscript.

10 We will now admit the portion identified as being

Il sponsored by these. witnesses on the subject of crankshaf ts

12 into evidence.

13 We will also admit into evidence Staff Diesel
O Exhibits I through 4, and they may be identified for the14

15 index by the same titles used on the Staff's Diesel Exhibit

16 List.

17 I guess they are not very thick. We can bind
;

18 them into the transcript, in addition, for convenience andj

19 we will do at this point. But there wi.11 also be three

20 copies for the official exhibit record.
4

21 (Whereupon, the documents

referred to were marked as22'

Staff Diesel Exhibit I - 423'

for identification.)24

25 (The documents follows)

I
|
f
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LILCO CRANKSHAFT,3
.

.

Q . ABS Reguirements : (kr J417./ dik ofpms $fournals)A
,

'

g,y'| M+ (M2 +4 T ' ) C |
t i f
!

w/;ere:
d= crankpm dh.mek m .i

!, '

| c= f.0(/w' mee f/wo 6-cy/ etyises)
:

; D= cy/ bee , /7 kr

} p= max. ANng pressure

i a) /700 psi g 4890 bhp

b) /800 poi g 5380 bhp:

'O i

; |
L = span between beardiga finner edfe loJ

inner edge ofman bearings) ., /E93m
.

.
.

.H = horsepower af mfedspeed;

; a) 4890 bhp (too %)

| b) 5380 bhp (/|0Yo)
'
i R = rated speed , tso epm

| f = gh;7de 4 ftvging, 2,3/0
i

and: M = 0, /3/ PD*L

L' T = 65,00 0 H/R
| i

-

.

:
'!

i'

.

_ _ _ . - - - ~ . - _ _ . . _ , - . , _ . _ . . . . . . . . . _ . .-...-..m._,, , , , - -., . . , , , . - - . . ~ ,_,-,,,.-y.,, . . , . .%, __ _ _ _ _ _ _ _ _ _ _ . - - _ . _ . . _ _ - -
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'2/3. ..-;-
. _. . . . . .. _ _ _ . . _ . _ _ . _ _ . . _ .

i i

:
'>

.
,

Required cmnkpin diameter :-
4890 bhp : a'= /0. 84 "

_
a) 100 % loao' or f ''

OL :

.:-

b) ||0 *o /oad or 5380 Ahp: d = //103 '/i

.
-

, -

is: The /2' cmnkshaft is acceptab/e soHi af 100% /
i

//0 % /0a4', as f&r as crankpin dhmefer n emeernee',
;

'

! _

!

B | Pomgraph 34./7.4 Se//d Cmn/cs/raff Weba
t

I wt*h 0,35al3 '

where w = effective wtaWi of' web , 2/ "
^O

'

., ; * i = thic/cnese ofweb 4.965"
:
.

'* Nole: Pmporfions ore .suc/> that phs p' journa/s
oven'ap. Furfftermore, fhe pin fi7/et is cvidercut wr/h

i a re-enfry info the web.. /n/erpreting /he corre.sf

j method fo ae' fermine t for such a case , Woytowich

| of RBS mp/ds to a pueefkn contwrung /bh oi)(

p /29, //rie N fo p tab,//ne 6 of / der trafimony :

o ; . 1 wie a aan, -ismcic. na,a u
L ; meo'sure /haf a'inension frwn /he bouno'anu of /he'

_

| } ac/pa/ crankshaft materib/, of orie fi//ef fo that
5

|
'

|
|

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ . - . _ _ _ _ _ _ . _ _ _ _ . _ . . _ . . . _ . _ _ _ _ _ . . _ . _ , . . . - . . ~ . . . _ _ . . . . . _ . . . _ _ _ . . _ . . _ . _ , , , _ . . . _ _ . _ _
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'nf its yposHe A//e/, inMet Man constructing Me arbifrary
.

. '

:/sies of a Am of the >veb and 0479 bdween ther77.9

.

Esse 7fiaHy if males sense fo caint on/y Me me/a/
-

..

.

io ithof 4 actua//y mere ;
'

,,

;

of 4.96 5 "} Enploghg Mis h/erprefahbn, a figure
.

|has heav deferrnh7ed (See &#sca/e afrawh7g)
:

wt ' k , 35 d'>:

|

|a) |@ lo' la7d ; 0'b /0,84 in
wt' h , 36 * /0.84 ':

2/x4.9Gh .35x /4 84
'

i i

5/8 k 44f8/ SafisNed of diat17etes rpscitr>cd'

'

for 100% toaa'Q ;
'

i
4

6) //0% haa'j d.h //.03 kr
'

wt '.h , ss //Jo3
,

i 2 3
2/x4.965 h . 3 5 //Jo s

,

| C/8 h 4 79.02 Sansfied ofdhme/er teguired
for storo loca'

; |
#

| A/ the /sn/t wt * = . 3rd * + d = ||.s9'

The cranks /iaft wi// meet ABS repubw.inents upto a

d= //.39 .", gikk1 by 19pmu/a ki sectiber 34./7.1.
lt.e.16r power ana' Briy pressures A7 access of//o 96 /caa.| '~ i

| ; WA U
!

i
!'
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Transamerica Delaval DSR-48 Diesel Engine / Generator-

for Long Island Lighting Company Shoreham Plant*

Report on Crankshaft Tec$ional Stresses.
Transamerica Delaval Inc.
Engine & Compressor Division
550 85th Avenue
P. 0. Box 2161

.

Oakland, CA 94621

Attention: Mr. Roland T. M. Yang
Manager Applied Mechanics.

Gentlemen:
'

We have your letter of 3 April 1984 submitting copies of the above subject report for
our review, and with regard thereto have to advise as follows:

. We note from the submitted report that the~ torsional vibration stress in the crank-
shaft for the first mode 5h order critical speed (422 RPM) was expect *ed to approach

f or exceed that permitted by the Rules for the submitted crankshaft material.
,

4

We further note from the submitted report that tests were conducted to determine the
actual stresses in the crankshaft, and that these tests indicated a substantial mar-

;

|. gin of safety against fatigue f ailure due to torsional vibration.

Based on the submitted test data, and on submitted service experience with similar,

engines .having similar torsional critical speed arrangements, we advise that we would
have no objection to the submitted torsional critical speed arrangement for use on
diesel generator sets on an ocean going vessel, insofar as our classification require-
ments for marine service are concerned.

1

Three (3) copyies of the subject report, stamped tr., indicate our review, are being re-2

turned.

N' E* E. M. H. L:Very truly yours, s',
-

*

R 7. Y. C. R. C.4

RECEIVED| AMERICAN BUREAU OF SHIPPING
I

nCatR MAY 071984 uto my, x, 3,333,

| Vice President
ENGINEERING ,

V .( CIRC. FORWARO CTY |
1 ,

Lcc: LILCO. (E. Montgomery) by: 8 IEE ME

Accounting Dept. w/ enclosure Robert A. Giuffrgj
Legal Dept. (M. Adams) Principal Surveyor - Machinery !,

| Subject File 460
1

f t 6t raowt. 212 4 4 c . 0 3 c" car.1 * *, s tss e s t ta - * a 7to tai.asse f atta st' a21966 eCa 232099 wun 62ella
|
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! EEVIEWED IN *
ACCORDANCE WITH

i

A38 LETTER DATED '
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AMEtiCAN BUIEAU Roland Yang.
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. ALLOWABLE TOR $10NAL STRESS CALCULATION.

Based on Para. 34.47 of 1984 ABS Rules.

5 = ( U + 71190-)C C C
18 k d r

,

where U = Minimun Tensile Strength of Shaft Material 100000 PSI

C is .55 for propeller shafts and crankshafts
k

35 + 0.487 / N = .6463C Is size fact r.
d

C,is speed ratio factor, 1.38 for 90:1 to 105". rated RP.w.

( 5=(' f^ -) ( 55 )( .6463 )( l.38 )
O

=3357 PSI due to single order

Total Allowable Stress = 150' of 3357 = 5035 PSI
.

ALLOWABLE TOR 510nAL STRESS CALCULATION.

Based on Table 34.3 of 1982 ABS Rules.

5:3102.12119 63 x 450 RPM ggx450 RPM gg ,Q x x

135 RPM = 360 RPM L27.5 to 450 472.5 **"=

crade 2, 60cco pst 5689 psi 3556 psi 2134 psi 3556 psi

Grade 4. 100000 psi 8217 psi 5136 pst 3082 pst 5136 asi

Stresslimitmultiplier=f( * * ''
000

b for adjustment from 60000 psi
to 100000 psi material.

|

!
'

21

s. . . . . . . . . . . . . . . . . . . . .
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2 .WRB b i MR. GODDARD: Judge Brenner, for the convenience 1

'2 of the parties when working with these transcripts, would
-(~S
N/ 3 the Board object to binding in pages 9 through 18 again at

4 this point in the transcript?
.

5 JUDGE BRENNER: It doesn't seem necessary.

6 MR. GODDARD: It is not necessary but it might be

7 convenient for the parties.

8 JUDGE BRENNER: I would rather not.

9 MR. GODDARD: Thank you.

10 JUDGE BRENNER: I think it leads to too much

.11 complication where you're citing pages following certain

12 transcripts.

13 MR. GODDARD: Thank you, Judge Brenner.

14 The panel is tendered.for. cross-examination.

15 JUDGE BRENNER: Mr. Ellis.

l.6 NR. ELLIFs Thank you, Judge Brenner.

17 CROSS-EXAMINATION

18 BY MR. ELLIS:

19 0 Prof essor Sarsten, I am going to direct a number

20 of questions to you to begin with.

21 _
Good morning.

22 A (Witness Sarsten) Good morning.

23 0 I would like to have your answers on these if I-

24 may without consultation.

25 Prof essor Sarsten, with respect to the DEMA standard
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for crankshaft torsional stresses that you've referred to inWRB:b I

your testimony, did you participate in the development or2

(" formulation of that standard in any way?(_) 3

4 A I did not.

Do you know when the DEMA standard was developed?5 0

6 A I only know the latest edition, 1972. I believe-

7 it goes back much further than that to the late '50s at
;

B Inast.
.

Do you know when the 5,000 and 7,000 psi limits.9 0

were inserted into the DEMA standard for torsional stresses?10

11 A I do not know that, no.

12 0 Given that you indicated that you were aware that

13 the last revision was in 1972, Prof essor Sarten, did you
.

participate prior to that time in any way in the development14

15 of the methodology DEMA intended to' be used in connection

1.6 with calcJ1ations relating to that standard for crankshaft

17 . torsional stresses?

18 A There is nothing in the DEMA standards about the

19 methodology intended to be used.

20 0 My question though was did you participate in any

21 way in the development, prior to 1972, of any methodology
3

22 intended to be used by DEMA in connection with calculations

23 using its standard?

( 24 MR. 00DDARD: Objection. I believe the question
1

25 has been asked and answered. It is subsumed by the first

,

,

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



.-

23239
'070'04 03

* WRB:bL 1 question Dr. Ellis asked Dr. Sarsten.

2 JUDGE BRENNER: No, we will permit him to probe a
i

3 little more .particularly for this fact.()
4 The objection is overruled.

'5 WITNESS SARSTEN: Could you come back with the

6 question? I'm not quite sure what you're referring to by

7 " methodology."

8 BY MR. ELLIS:

9 0 What do you understand me to mean by

10 8 methodology"?

11 A (Witness Sarsten) By mothodology" I wouldd
,

12 understand the mathematical calculation of the torsional

13 vibratory stresses or the programs used in this context.

14 0 All right.

15 Professor Sarsten, with that as the definition
<

16 for " methodology," did you, prior to 1972, participate in4

17 the development of the methodology DEMA intended to be used

18 in connection with its calculations -- with calculations
19 relating to the DEMA standard for crankshaft torsional

20 stresses?
,

! 21 A I have no way of knowing which methodology DEMA

' 22 intended to be used.

23 I did, prior to 1972, of course participate in
( the development of methodology for calculation of torsional24

25 vibration. I assume that is what DEMA intended to be used

!

!'
t

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



,

-

23240
n070 04 04
|
2 .WRB;b I .as a general available methodology for calculation of
|
l 2 vibrations.

3 0 But you do not know, as you just testified, what()
4 DEMA intended to be used in connection with calculation of

:< 5 its torsional stress standard?
6 A .I don't know if anyone really knows what DEMA

7 intended. All we have there is their wording.

8 0 My question is do you know--

.9 JUDOE BRENNER: Let him finish the answer. If

10 you are going to ask the proverbial one question too many,'

11 he's entitled to.give the answer to it.

12 MR. ELLIS: I appreciate the lesson,

13 Judge Brenner.

14 JUDOE BRENNER: Prof essor Sarsten, I don't think'

15 you had completed your answer.

j 16 WITNESS SARSTEN: I think I completed my answer.

17 BY MR. ELLIS:

18 0 But you do not know what DEMA intended to be

19 used, do you?

20 A (Witness Sarsten) I know what I read out of
:

21 their standards. That's all anyone can do. No one can read
!.

22 the mind of the members of the Board in 1972. All we have'

23 is their written word and the standards.

( 24 Q Do you know what the DEMA Technical Committee is,

25 and .what its role is in connection with the DEMA standard

!

c
4

-- -, - -,.- , - - -- - __,--,----.-,,4--.%, - - . . ~ - - - - - - ,,c--- --- -, - , - - - _ , - - , . - - . . , . * - ~
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O WRB:b 1 for torsional stresses in crankshaf ts?

2 A I have not served on that Technical Committee. I

3 would assume their role would.be the same as any technical(}
4 committee, to review and revise the standards at given

i

5 intervals of time.

6 0 Well, do you have any knowledge of the role. of

7 the Technical Committee with respect to the development of

8 the DEMA standard for crankshaf t torsional stresses?

9 A As I have not served on the Committee I would not

10 know, no.

11 0 Do ou knod who the members of DEMA.are?

12 A The manufacturers who are the members of the

13 Diesel Engine Manuf acturers Association are listed on the

14 first pages. They are, among others,-- They were given in

15 the testimony previously. ALCO, where I worked once, was

16 one of the members then.

17 0 Is that the only one you can name?

18 A No, there are several members. American. I -

19 believe Cooper-Bessemer probably is a member.

I would assume that Trans-America, now DeLaval,20

21 would be a member.

22 Fairbanks Morse I would assume would still be, or

23 at least was a member when this was printed in 1972.

24 I don't know if there are any new or revised

25 printings of the DEMA standards. ,
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!! .WRBob 1 0 Well, when you say you " assume," is that based on

-your memory or is that just based on your knowledge that2
n
(_; 3 these are diesel engine manufacturers?

4 A That was my memory of the testimony presented

5 here last week. As I recall, there were about six member

6 firms. listed.

7 0 So your testimony then is based on the testimony

8 of the LILCO panel last week?

9 A Yes, it is based on that.

10 I also read the members when I have read through the

.11 DEMA standard practices, but that was longer ago. The

12 freshest recollection is from the panel here, yes.

13 0 And when you read through the DEMA standard in

[# connection -- that was in connection with preparation for' 14

15 this case?

16 A Yes, it was.

17 0 Dr. Sarsten, you mentioned Cooper-Be ssemer. Do

18 you know whether Coopen-Bessemer, in the design of their

19 crankshafts for their medium-speed diesel engines, used the

20 DEMA crankshaf t standard for torsional stresses?

21 A No, I would not know that.

22 0 Do you know whether-- You mentioned ALCO, for

23 whom you werked. I believe you worked for ALCO for two

24 years. Is that correct?-

25 A The time span was longer than that, but I worked
.

O
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WRBr,b 1 ~ full-time with ALCO only two years. I worked part time also

2 with them in summer vacations while _ I was at RPI, studying -

( }) 3- for my doctorate.

4 0 Did ALCO use the DEMA standard in connection with

5 torsional stresses for their crankshaf ts, if you know?
.

6 A I would not know that. That was Porter's, the

7 torsional vibration expert's, domain. I would not know

8 that.

I do know, however, that they have wofked with9

10 some of these classifications societies when their engines

11 have been sold.for shipboard use. ..

12 0 But you are not familiar with their use or lack

13 of use of the DEMA standard for crankshafts?

14 A No.

15 0 By "no" .I take it you mean yes, I am correct in
,

16 my assertion?

17 A Yes, you are correct.

18 0 Thank you.

19 Prof essor Sarsten, you also mentioned TDI or

20 DeLaval. Do you know whether DeLaval uses the DEMA standard

21 in connection with the design of crankshafts?

22 A Well, in this specific case they evidently have.

23 0 But your knowledge then is limited to what you

() 24 have learned in connection with this case?

25 A It is in connection with this case and with the

L
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1 -NRBab 1 other engines they have sold > for nuclear standby service,

2 the 12 , the-16 .and the 20-cylinder engines.
-

.L3 0 And your-knowledge with-respect to the 12 ,.16-

'and 24-cylinder engines, all of: that knowledge was obtained.4

5 in connection with this case, was it not?

6 A- Yes, that is true.

7 0 Let me mention some other names to you.

8 .MR. ELLIS: It might be easier, Judge Brenner, I

have some excerpts from DEMA which I can hand out to the9

-10 Board and the parties now. I don't intend to introduce it
.

11 as an exhibit, but I think it would be convenient for the

12 witnes.ses and the perties.

I 13 JUDGE BRENNER: -What do you want them to do?

: O' 14 Look at the names of the members of DEMA?
l
2 15 MR. ELLIS: Yes, sir. I can suggest them to him.
i

! 16 JUDGE BRENNER: This is going to be material for

] 17 some finding later as to whether he can read the rates

[ 18 correctly?

19 MR. ELLIS: No, sir, not as to whether he can

1

20 read the names correctly. I just thought it would be
*

.

simpler, rather than my suggesting who the members might be,'
21

i

22 to have that in front of him.
| JUDGE BRENNER: You've got testimony through your23
s

: C) witness that has not been contradicted, to the best of my' 24
!-

25 knowledge. Do you know that?
,

i

. - . - - . - . - - . . - - - . - . . - . - . . - . - . - . - . . . - . -
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.WRB0b I .MR. ELLIS: That's correct. I don't know if it

' s every member, though.'2 i

I~') - 3 JUDGE PRENNER: I don't know if it is either. I
s.

4 don't know if I care, though.

5 MR. ELLIS: Well, I care.

6- JUDGE BRENNER: All right. Go ahead. I will

look with interest for the finding that that is related to7

8 later.

9 .MR. ELLIS: Well, I know I have disapoointed you

10 in the past but....

11 JUDGE BRENNER: I was kidding by that remark- If

12 as the case develops you don't f eel compelled to include a
f

13 finding on it, I will understand that that'.s a result of

( 14 your evaluation of the entire case later.

15 We won't make it an exhibit for now. As

16 suggested, we will see what you do with it first.

17 MR. ELLIS: Thank you, Judge.

18 BY MR. ELLIS:

19 0 Professor Sarsten, I have handed you a xeroxed

copy of some excerpts from the Standard Practices for Low20

21 and Medium Speed Stationary Diesel and Gas Engines by the

22 Diesel Engine Manuf acturers Association, or DEMA, and I

23 would like for you to turn to the second page which lists

() 24 the members.

25 JUDGE BRENNER: You did note the date of this,
'

|

|

- - . , - - _ _ . . - - . - -.- . ._. - -_-_-- - - - - _ . _ - -
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3 NRB:b 1 didn't you, Mr. Ellis?

2 MR. ELLIS: .I did not, but I will. It is

-

'
3 copyright 1972, Judge Brenner.

4 BY MR. ELLIS:

5 0 Professor Sarsten, I have asked you about ALCO,

6 Cooper-Bossemer and DeLaval. Let me now ask you about

7 Chicago Pneumatic Tool Company.

8 Do you know whether the Chicago Pneumatic Tool

9 Company uses the DEMA crankshaft standard for. torsional

10 stresses?

11 A (Witness Sarsten) No, I do not.

12 0 Would it be fair.to say that you do not know

13 whether any of the members listed on the second page of the
7_
( s

14 excerpt I have handed you from DEMA use the DEMA crankshaft' - ''

15 standard for torsional stresses?

16 A Ex, cept the DeLaval, what is called here the

17 DeLaval Turbine Incorporated, which I ref erred to a couple

18 of questions ago.

19 0 Yes, sir.

20 And your knowledge, as you indicated there, is

21 based on this case. Is that correct?

22 A That's correct.

_
23 0 So it would be f air to conclude, wouldn't it.

!
: 1

''' 24 Professor Sarsten, that with respect to the members of the

25 Diesel Engine Manufacturers Association, the companies that
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3 WRBeb I I've asked you about, that you would not know how many
1

orders these companies sum in the event that they do use the2

3 DEMA standard for crankshaft torsional stressss?(]}
4 A-. That is correct. I base all my witness on how I

5 interpret the DEMA standards.

6 0 Are you aware of any other diesel engine ,

7 manuf acturers of medium speed diesels that are not listed on

8 page 2 of the excerpt I handed you? And I'm talking about

9 in the United States.

10 A Well, it would depend upon how you define " medium

speed," but I think most people would consider the larger11

12 engines as medium speed engines. No, I am not aware of any

13 in that context.

() 14 0 Prof essor Sarsten would you agree that you are
,

15 -- do not consider yourself an expert on the interpretation

16 and application of DEMA with respect to its use in the

17 United States?

18 A All.I have to base my interpretation is the rules

19 themselves. I would say that the rule as much is quite
,

20 clear.

21 What you are perhaps asking is do I have

22 knowledge how other firms. in the United States would like to

23 interpret the rules. That I do not havel that's true.

() 24 0 . Well, let me repeat the question then.
iWould it be f air to say then that you are not an25

,

_ . . _ _ . _ . _ _ . _ . _ _ . _ _ _ _ _ . _ . _ . _ _ _ . _ _ _ _ _ _ . . _ _ _ _ _ . _ . _ . _ _ _ . . . _ _ _ _ _ _ _ . .-
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WRB:b 1 expert on the interpretation and application of the DEMA(

2 standard in the United States with respect to how many

3 orders are summed in the application of that standard?()
4 A I would .not agree to that formulation. I would

5 say that the DEMA rules there, in my opinion at least, are

quite clear, and with my background in torsional vibrations,6

I ,ould say that I'think I have a fair understanding of how7 w

8 these rules should be interpreted.
Others may like to interpret them di.fferently.9 '

10 That's another matter.

11 0 You said that the rules are quite clear. Do you -

mean that the rules tell the user how many orders should be12

13 summed?

() 14 A No, they do not tell how many orders should be

15 summed.

16 0 So would you agree that in determining how many ,

17 orders should be summed, there is a matter of

18 interpretation?

19 A There's the matter of perhaps determining how

20 many orders are significant. .

21 0 Well, is that the term that DEMA uses,

22 "significant" orders?

23 A No, it is not.

() 24 0 All right. .Well, let me ask you my question

25 again.-

.

'
.

- _ , , , _ _ _ _ _ . _ _ _ _ - _ , , . , _ , _ - -,. _ . - , _ . - _ , , _ , . - _ _ , . - , - . . _ . - _ . , _ _ _ _ _ , _ , , . . , _ . . . . , _ .
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01ven that DEMA does not specify the number of3 WRB:b 1

2 orders to be summed, would you agree that it has to be

3 interpreted .or construed by the user in order to arrive at a
-

()
4 number of orders to be summed?

-

,

5 A I would say the user has to follow standard'

6 engineering practice in this regard, yes.

7 0 And you would agree that that would be standard

engineering practice in the United States, wouldn't you?8

9 A I do not see why the standard practice here

.10 deviates significantly from'other countries in the world in

11 this respect.

12 0 Ws 11, you say you do not see that it does, but

13 isn't it true that you do not have any knowledge of what the'<'

,

() 14 practice is with regard to how many orders are sunced by

15 manufacturers in the United States using DEMA?

16

17

~

18

19

20

21

22 i

23

() 24
, .

'

25

,

I k
s

T

)

I [
. . _ _. ., - . _. _ . . - . . . . _ . _ .



}yif
^ *

'||
, -

.., s..
.m )q ,

#
,

e

/% ise , .,

'IfjY
.

\
'

'

44 .. 3\ #

0070105 01 \g 23250.,
<r

I' do .not have -J ha've to thinjc back nov.'isi~ NRBpp. 1 A
'

9e n. -

s

',
- 2 .No , I 'do not have knowledge' of 'how many. oad Ars

;

's

,(d7. / .
\ .) ..)

tn
- 3 are summed by sihdividual firms' in the United States when

: .j, ,% 7 3, .;
#

'

'7 they use DEMA.''I ,V .
h4 ,

/.

sr .

u
1,7 f.

M' 5 JUDGE BRENNER: Mr. Ellis, excuse me.
s' t

y Professor Sarsten', in yoAJr answer ,nrfor $6a 'the I

L'q .6 . . ! ,*
.

4.; y
! '' r d 7 last answer you referred to your belief that you saw no

<' <
>'

,,

8''- reason wby the prac.tices' in the United States should dit?er
,

, '

'i
significantly..from.thoseelsewherein,theworld.y,Nhatyou;

t 9

left unstatdd, at least expressly, If what the p{acffpg is''

10 ;.
'

*;s
,l y*

, . a
11' 4 elsewhere. Could you tell me what that is? . <.

<
.

.

12 DR. SAR5 TEN: Yes. The st4hdard practice '

' s' '' ,
,

4 /! c . , ,

|
13 elsewhere in the wort is to som. 24 order i for f r,estroke

'i 14 engine. That is, orders from cne-half to 12.Q That }'(s /f or
4

:axample, as specif'ically ,rtated in the propose d for d| he new
o

-

15

in !979 tNe\~ *
.

,16 CIMAC rules for torsional | vibratioriN,where, y,
6,

.',. , * g
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.g

T,

,) 17 -
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.
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,
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(Witness SarstenP,,' Mis would, told i,or ib.3,'world23 A o o s,s
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5f .WRBpp i aLcommon set of rules that also includes the ABS, the

2 American Bureau of Shipping.

3 JUDGE BRENNER: It does not include DEMA does it?I)
4 A DEMA is not a classification society. It would

5 not be included, no.
!

6 0 You refer to the CIMAC rules. That is not DEMA

7 either, is it?

8 A No. The CIMAC rules are also the proposed' rules ,

.9 from the Association of Classification Societies. Both

10 names are sometimes used.

II O And you ref er to those rules. -Isn't it true that

12 those rules are in draf t form?

13 A Those rules are in draft form and they probably

O will be in draf t form for a number of years yet, that's14

15 true.

16- 0 So that the practice that you refer to of summing

17 24 orders, to your knowledge, does not involve DEMA and is

18 -- strike that.

19 The practice of summing 24 orders then, does 'not

20 involved DEMA, does it?

21 A. I would say it does involve DEMA. Because if

22 you're going to apply the DEMA rules, you would have to

23 include the significant orders. I would include 24 orders.

O That is standard practice elsewhere in the world.24

25 0 When you say elsewhere in the world, you've~

. _ _ . - _ . __. . _ _ .
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already testified you don't know what they do in the United3 MRBpp 1-

2 States. That's correct, isn't it?

I do not know what they do in the United Stat'es.3 A

-4 I know what they do in the rest of the world.

on page 12 -- well, you would agree with'me then5- Q

6 .wouldn't you, Professor Sarsten, that you are not an expert-.

on the application of the - DEMA standard as that- standard is'7-

used by American manufacturers of. medium speed diesels?8

9 A I can only read the DEMA standards. I know how I.

10 would apply it. 1 do not know how all' the engine ,

11 manuf acturers in the United States, many for that matter, do
,

,

12 apply it.
!

. 13 0 Professor. Sarsten, on page 10 of your direct
'

14 . testimony you indicate, and I will paraphrase a little here,
:

15 that the rules -- I'm reading now, four. lines down - "The

16 rules are often subject to or often require interpretation

17- discussion with the classification society." You were

18 referring to DEMA in this instance, weren't you?

19 A I was. not ref erring to DEMA in that instance. I

20 was referring to the classification societies. DEMA is not'

I 21 a classifica. tion society.
.

l

22 0 Would you agree, though, that that statement

. 23 would also apply.with respect to DEMA?

24 A I think the rules are quite clear for DEMA for my

-25 part.

L

. - . _ _ . _ - - - _ _ _ _ _ _ _ _ - . _ _ _ . _ . _ _ . . ..._. _ ._ .._._.__... _ ._
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3 WRBpp' 1 0 Well, are they clear on the summation of how many

2 orders should be summed. If so, could you point out to me

. 3 where it says that?

4 A It does not specifically state the number of

5 orders.

6 0 So it's.not clear on that point, is it?

7 A I would say that you must follow standard

8 practice. Which is, today, 24 orders. Which are

9 signi.ficant. To more than that, they taper off and did not

10 influence the results very much.

11 0 Why do you say, then, that the rules are often

12 subject to or of ten require interpretation or discussion

13 with the classification society?-s

b I was then referring to the classification14 A

15 society's rules. They do often require interpretation.

16 O In your opinion, DEMA requires no interpretation

17 at all?

18 A I .would say that DEMA, at least if,you follow

19 standard practice, this would not require interpretation in

20 this respect. You're referring now to the number of

21 orders. I would say you must use the number of orders

22 commonly used, which is 24.

23 .0 And you've already testified that 24 is the

24 number of orders used in the rest of the world, other than

|
25 the United States?

|

|
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d ..WRBpp' 1 .A I did not testify that it was not used in the
-

2 United States.
.f
A .3 0 You don't know whether it was used in the United

4 States or not?

5 A We have performed calculations for ALCO

6 products. I believe then we used the standard number of

7- orders.

8 Q Was that for DEMA?

9 A' That was not for DEMA. That was for a specific

.10 calculation some years ago.

11 0 Have-you had any conversations or_ discussions

12 with DEMA concerning how many orders they deem appropriate

13 should be . summed for the application of the torsional stress

14 standa rd?

15 A .No, I,have not.

16 0 Has anyone on the Staff had such conversations?

17 A That you would have to ask the rest of the staff.

18 0 To your knowledge, have they?

19 A To my knowledge, no.

20 0 Dr. Henriksen, do you have any knowledge of that?

21 A (Witness Henriksen) Correction. I am not a

22 doctor.

23 0 Neither am I. So we're together on that.

)
f 24 A Wil.1_you repeat your. question, please?
\

25 0 Yes. Do you have any knowledge of whether the
i

l

|

|
i

l u _ . _ . . ~ . , _ _ _ ._. - _ _ _ _ . _ . . _ _ _ _ _ . , _ _ _ - . _ . _ _ . _ . - _ _ . _ _ _ _ . _ -
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B WRBpp i Staff has contacted DEMA to discuss the interpretation of

2 that standard?

. r')s(, 3 A I do not. I do know that the Staff has contacted

4 DEMA members, but not DEMA as an organization, no.

5 0 Do you know who was contacted?

6 .A I did.

7 O I beg pardon?

8 A 1 did.

9 0 I'm sorry. I didn't hear.

10 A I contacted DEMA members.

11 O Which DEMA members did you contact?
|
| 12 A ALCO, Waukesha Motors -- those are the two
1
1 13 members I contacted.

14 0 Professor Sarsten, let me come back to you.

15 On page 12 of your direct testimony -- strike

16 that.

17 Professor Sarsten, have you ever used the DEMA

18 standard for crankshaf t torsional stresses in connection

19 with crankshaft evaluation or design before you were

20 retained by the NRC in connection with this case?

21 A (Witness Sarsten) No, I have not.

22 .MR. ELLIS: Judge Brenner, at this time we would

23 move to strike Professor Sarsten's testimony relating to the'

O application of the DEMA standard on the ground that, as he24

25 has clearly and very forthrightly testified, that he has no

.. . . . - _ - _ .
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1 experience with respect to what DEMA uses, how the standard3 WRBpp i

2 was developed, the methodology, or what the American
,,

(- 3 manuf acturers in this country do in the application of the

4 DEMA standard. And he has not, before this case, used the

5 DEMA standard for crankshaf t torsional stresses. I think,

6 under the circumstances, I do not think e, en a liberalv

7 standard would be met to permit a conclusion. And he is an

8 expert in the application of the DEMA standard.

9 JUDGE BRENNER: Could I get Mr. Ellis' last

10 question read back, please?

11 (Whereupon the reporter read the record as

12 requested.).

13 JUDGE BRENNER.: Well, wefll certainly hear a

O r.esporse from the Staff and then from the County if it14

15 wishes to make on. If the Staff would prefer to ask

16 Professor Sarsten some questions in the nature of redirect

17 or voir dire prior to making a response, we'll give it

18 leeway to do that also.

19 MR.. GODDARD: Fine.

20 JUDGE BRENNER: Do you want to do that now?

21 MR. GODDARD: Yes, I would.

VOIR DIRE EXAMINATION22

23 BY MR. GODDARD:

O Dr. Sarsten, it is your testimony that based upon24 0

25 your prof essional engineering judgment, the DEMA rules are

_ ___
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l' .WRBpp i not susceptible to significant ~ interpretation. And you feel

2' that:you are capable to interpret-them, is that correct?

.3 MR. ELLIS: I object to that question. It's() '!

: 4 leading in the most obvious way.
1

5 JUDGE BRENNER: I will grant the objection

6 because I don't like overly leading questions either. 'And I

7 .want all counsel to remember that and 'his is a good time to

.8 make my point. Mr. Goddard, don't f eel' as though you'll be

9 the sole rec'ipient of-it. Butthiswafthosemakingthe
~

10 objection as well as those receiving the objection will
i

11 remember it for the rest of the hearing.

12 MR. ELLIS: I hope I am permitted to do it,

13 though, on cross examination.

) 14 JUDGE BRENNER: On cross examination, you are.
,

i
15 One of your co-counsel thought that shouldn t be permitted

16 either, but he lost.

i 17 Go ahead, Mr. Goddard. Try again.

4

18 You don't need to repeat the testimony. I did

19 not mean to imply that you had to ask Professor Sarsten

20 questions. I just thought that maybe you had something in'

21 mind that you knew that has not yet been brought to light.

.22 You certainly should.have an opportunity.
I

i 23 MR. GODDARD: Certainly.

() 24 BY MR. GODOARD:

25 Q Dr..Sarsten, in your evaluation of these

|-

- . . - - - .... . . . = - - . . - - - , . - . . - . , . . - - - . _ . - - - - . - . - . - .
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1 '.WRBpp. .l. crankshafts under the DEMA rules, you work with other
)

2 members of the PNL staff and consultants?

3 .A (Witness Sarsten) I did' speak'with Mr. Henriksen.)
concerning this and I also believe I had some conversations4

5 with Paul Louzecky.

6 0 Did you include information obtained from.those

7 persons -in formulating your answers to the questions

8 regarding the applicability of DEMA standards?

9 A Of course. Their information was also included
f

10 in my answer.

Il Q And in fact, Mr. Henrickson was employed --

12 MR. ELLIS: I think we have another leading

|
13 question coming her.e.'

O .14 MR. GODDARD: Why don't you wait till you hear
.-

15 it, Mr. Ellis?

16 Excuse me, Judge Brenner. That was a spontaneous

17 . remark by the Staff.

18 JUDGE BRENNER: Your remark was correct,

19 nevertheless.

20 BY MR. GODDARD:

21 Q Dr. Sarsten, do you know whether either

22 Mr. Louzecky.or Mr. Henriksen has, in fact, been employed by

23 ~ members of DEMA?
.

.

24 A (Witness Sarsten) I do know that both have been
|

25 employed by members of DEMA.

I I

L

L

- - - . . _ . . . . . . . . - . . - -. - - -. -. __ - .- - . --- . - . .
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O And who were those members?;l WRBpp I..

2 A Nordberg Nanufacturing Company.
TT
:V 3 0 In your opinion. -do the DEMA rules require

1

4 significant interpretation prior to _ their application to the

5 evaluation of a crankshaf t for torsional vibratory stress?

6 JUDGE BRENNER: -That has been asked several

7 times by Mr. Ellis almost to'the point of where I was

8 tempted to jump in b,efore. Although he got slightly

9 different answers each time, so I hesitated.

10 Professor Sarsten, in the course of an answer
,

!! discussing your prior employment with ALCO to one of,

.12 Mr. Ellis' questions, you referred to others at ALCO who

13 perform the torsional vibration analyses, is that correct?
O 14 WITNESS SARSTEN: Other firms than ALCO?

15 JUDGE BRENNER: No. Other persons at ALCO other

16 than yourself?

17 WITNESS SARSTENs Oh, yes, yes.

18 JUDGE BRENNER: I inferred from that that you did

19 not perform torsional vibrational analyses in your

20 employment at ALCO, am I - correct?
8

-21 WITNESS SARSTENs That is correct. I had close

22 contact with these people on other calculations, but the-

'

23 torsional vibration calculations themselves were performed
O 24 by Mr. Fred' Porter.

25 JUDGE BRENNER: Putting DEMA aside for the
|
|-
|

;

_ _. . - _ . . _ _ , . . - - . _ , _ . , . . . . - - _ ..-_ .._ .. _ ,. _ ,._ - _. _ _ _ _ _ _ , _ . . _ . ,-
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l
- 1 moment, can you tell me what your prior experience is in

1 WRBpp

2 performing torsional vibration analyses of either
.q crankshafts or of objects that you would think would be .

k/ 3 |

4 similar to crankshafts?

5 WITNESS SARSTEN: My first torsional vibration

calculation, I believe, was made in 1957 for an engine. firm6

7 in Norway. I have-since developed numerous programs for

8 calculation of torsional vibrations. The first one was in

9 1962, I believe it was. I have performed numerous torsional

10 . vibration calculations after that time. We have sold the

programs, also sold calculation services to numerous firms,11

12 among them, ALCO Products at Auburn, New York.

13 JUDGE BRENNER Could you give me some examples

O of the torsional vibration analyses that you performed?
.

14

15 That is, what were they performed for, and also some

16 examples of the application of the program you developed

17 used by consumers of the program.

18 WITNESS SARSTEN: The programs -- there are

19 several of them -- have been sold, among others, to what was

20 previously Montreal Locomotive Works. They've been used for

i 21 their calculation of the ALCO engines, when used outside

22 locomoti.vc service.

23 JUDGE BRENNER: These are -- are these for
O 24 calculations of crankshafts in the engines?

25 WITNESS S ARSTENs They are for the calculation of

i _ _ _ ._ _ _ , _ _ . _ _ _ . . _ _ - . . _ __ _ .. . . _ _ _ _ .__ _ __.__.
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|li NRBpp 1 torsional vibration.

2 JUDGE BRENNER: Of what?

(])- '3 MITNESS SARSTEN: Of the crankshafts in the

4 four-stroke engines.

5 -JUDGE BRENNER:- I interrupted you. I'm

6 sorry. You were -going to give me a few- more examples.

-7 MITNESS SARSTEN Well, we have, of course, made

8 numerous calculations of various engines up.through the
Our main

9 years, and the University also has consultants.
,

10 activity, however, has been in the development of programs

11 and. sales, or lending of these to various firms.

12

13

() 14

15'

1

16. .

17

18

19 J
.

20 ,

i

21
.:

:'

22

23'

-( ) 24
,

25

| ,

i
'

|

. - , , _ , . - . , . - - - . . - . . - . . . _ _ , _ . _ . . - . . . . . - _ . - - - . - - - - . - - -.
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.WRB;gb 1 JUDGE BRENNER: In developing these programs,

what experience do you have in actual application of the2
_

f) programs and/or f eedback of results of applications of the'' 3

4 programs to expe,rience?,

5 WITNESS SARSTEN: Well of course we make trial

6 calculations.for the customers, I have made numerous

7 calculations for both the Norwegian engine manufacturers,

8 Wichmann Motorf abrikk and Bergen Diesel. At times, as study

projects for the students get actual cases in farm industry,9

which we calculate if they are interesting enough -- the run10

of the mill stuff, of course, is done by the' engine firms11

12 themselves.

13 JUDGE BRENNER.: Have you participated in or
(S

otherwise become aware of any tests used to validate any ofv
34

the programs that you have prepared for torsional vibration?15

1.6 WITNESS SARSTEN: Yes, of course. We have tested

them against other programs where they are available -- and17

18 it's very easy with a little ingenuity to construct very
large . vibratory systems which can test the accuracy of the*

19

20 program.
If this is done, you can use the analytical21

22 . results for the torsion vibration of a bar and, for

example, check your natural frequencies which would come out23

as pi, three pi, five pi with a large number of significant24

25 digits.

.

- - . , , , , - . - . , , . - -- - - - - , - - . , _ . - - . , , , - ,
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@ .MRBcgb 1- Secondly, you have analytical solutions for

2 single . mass and two mass : systems which- may be put

. 3 back-to-back and added on and a 60 mass or 100 mass system

made whereby you can check the accuracy of the -- well of4

5 the natural frequencies, of course -- and mainly the

amplitudes of vibrations and the stresses in these large6

7 systems.

You will find that they usually have four or five8-

significant digits which are accurate, even in a large 609

10 mass system.
4

11 JUDGE BRENNER: You stated at the first part of

12 your answer that it was fairly easy to put together, I think'

13 you said, a vibrational fields I may have the term wrong.
A
-( / - 14 Can you .first correct me on the term and, second,'

15 tell me whether that's been done for your programs either by-

16 you or by other....

17 WITNESS SARSTEN: Of course. It's a standard way

18 for us to check the accuracy of the programs. They're, of

19 course, also checked against other existing programs using

20 other . codes and other languagess instead of FORTRAN, the

21 earliest versions of some of the programs were programmed in

22 ALGOL.

23 By comparing these programs for typical cases, we

() 24 find that the discrepancies or the differences creep up

25 first in the f.if th significant figure. So we have very good

:

)

|

|
'

._ _ . . _ _ _ _ . . _ ____ _ _ _ . _ . . . _ ~ . _ _ . . _ _ . _ . . _ _ - - . _ . _, _ . . .
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4 MRB:gb i verification of the accuracy of such-computer programs

2 JUDGE BRENNER: Incidentally, as long es I have

3 interrupted this much, previously in talking about ALCO,(})-
4 with which you have had prior experience, I believe you

5 stated that it was a member of DEMA when you were there, am

6 I correct or did I get tnat wrong?

7 WITNESS SARSTEN: Let me see. I think ALCO then

8 -- this was in the -- around 1960, was a member of DEMA.

9 I'm not quite sure of this.

10 They are now, I think, listed a the White Motor

il Corporation.

12 JUDGE BRENNER: All right. That was my next

13 question. Thank you.

r')'_) 14 WITNESS SARSTEN: Here we have them: White
\

15 Superior Division. They are now a part of White Motor

16 Corporation of Springfield, Ohio and, as such, they should

17 still be members.

18 MR. ELLIS: Judge Brenner, I may not have been as

19 clear as I should have been.

20 JUDGE BRENNER: Do you want to strike him because

21 he doesn't know anything about DEMA?

22 MR. ELLIS: It's his interpretation of DEMA that'

.23 1 --

() 24 JUDGE BRENNER: I understand. I want to see what

25 else he knows to see if that may be pertinent. You're not

1

!

!
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4 .WRBcgb I challenging him as an expert _jn the performance or analyses

2 of torsional vibration, are you?

3 MR. ELLIS: No, sir.
-({])

4 JUDGE BRENNER: But you didn't ask him about what

5 he knew, so.I thought I was ask that part and then put it

6 together with what he said he didn't know.

7 MR. ELLIS: Yes, sir, I understand.

8 JUDGE BRENNER: And in addition, if we were to

grant your motion, you have not yet gotten to Mr. Henriksen,9

10 who is the co-author of much of the same answers, and you

11 would have to work your way through him, even if we granted

12 the motion.

13 MR. ELLIS: No, sir, because the answers that I

() 14 would have stricken do not have Mr. Henriksen on them.

15 JUDGE BRENNER: All right. That would take care

16 of that problem if we get to that point.

17 I suppose it would help you to know now, so we

18 can take a moment.

19 Does the County have anything to add, either by

20 way of argument or questions to Professor Sarsten?

21 I'll get back to you for your argument,

22 Nr. Goddard, I wanted to hear f rom the County.

23 MR. ELLIS: Judge Brenner, while you're waiting,

() 24 would you like me to give you some of the questions and

25 answers that I have in mind?

'
-- - . - -.. . . . . . . . .-- - . . - - . - - .
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Mh[WRBgb I JUDGE - BRENNER: . No, I can probably figure-them

' - 2- out if - I went' through' them also.
I

.
3 MR. SCHEIDT: Judge Brenner. I think it--is clear

4 that Prof essor- Sarsten- is an expert on torsional' vibration~

'

5 calculations, that'he understands DEMA,and thus far there

4~ has been no showing that'DEMA'is anything other thin.whatL

7 Professor Sarsten has stated it is and shat the. rest of the
.world has -interpreted the number- of orders to be summed in8

9 making those calculations. -And.I don't believe there is any-

10 basis for striking his testimony, as Mr. Ellis has

11 asserted.

12 JUDGE BRENNER: Mr. Goddard.

13 Do you have any more questions?
.

.

-( ) 14 MR. GODDARD: No, Judge Brenner, I have more than'

15 covered the-ground.

16 The Staff would only submit that based upon
.

17 Dr. Sarsten's expertise in the area of torsional vibration.
;

18 and his experience.with the rules of other worldwide
>

> .19 classification societies, he should be able to -- in the

20 opinion of the Staff -- interpret the DEMA rules which he
,

21 testified are susceptible to minimal interpretation, they

22 are quite clear on their f ace. And that if any weight be

23 given to Mr. Ellis' position, it should go to the question
'O of the. weight and not the admissibility of Dr. Sarsten's24'

,

.

25 testimony.

L

4

-,,,,v . - - - - - - , , , , . , , , , , , , , - , - , , - . _ , - , , , - - - _w -,vr-----.- ,,-r-,..--.,,,--e,-, m,-...----,, .m.4.,w- e-,v--,,-**r' rw-
-

- - -

_
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27 |.WRB;gb ' l. JUDGE BRENNER: Mr. Ellis, you wanted to add
1

2. something?.'

3 MR. ELLIS: May I be heard further?(h-

4 JUDGE BRENNER: Yes.
i

5 MR. ELLIS: Judge Brenner, I think central to

6 what we're talking about is the' interpretation and

7 application of DEMA. DEMA is there for the Board to read

8 and the Board has heard the witness' testim'ony on that. But

9 it seems to me that if one is going to be an expert on

10 whether something meets DEMA and that is the brunt -- the

11 thrust of the testimony, then one has to have some

12 experience in the application of that standard. And if the

13 record is clear on anything, I certainly agree that

() Professor Sarsten is an experienced torsional stress analyst14

15 but he is not experienced at all in the application of DEMA

to crankshafts and his view of how many orders to be summed16

17 is certainly an important issue in this case and he is not

18 an expert on the application of DEMA in that respect.i

19 And therefore we don't see any way that it can go

20 to weight, it is either -- it would be no diff erent from'

i 21 asking anybody else who knows a good deal about torsional

: 22 Stress analysis and they had never heard of DEMA, well how
'

23 many orders would you sum. That isn't the standard. If;

24 -you're going to be an expert before this Board, it seems tof
:

25 me that you must come to this Board with some substantial

t

,, , .- ,. - . - - - . , , . . - - . . - , , . . . . . . - - . . - - , - . . . . , , - - , , , . _ , , , . , - - . . , . , - - - - - , - ~ , -
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experience in the interpretation and application of DEMA.2 WRB:gb i

2 That does not mean that his other testimony on ABS or other

I[ ) 3 matters is similarly inform. But I certainly think this

4 one is. He does not bring to the Board the kind of

expertise with DEMA that I think is plainly required by even5

6 the most liberal standard.

7 JUDGE BRENNER: Maybe I should accept your

invitation to give us the particular answers that you would8

9 . strike if your motion were granted.

10 MR. ELLIS: Yes, sir.

Il On page 12, we would strike the portion of the
answer at the top of the page relating to testimony that 2412

13 orders are now normally used. There is no basis for that
l')
\> 14 .with respect to DEMA.

15 We would also strike his portion of the testimony

16 on page 13 relating to the DEMA standard, the second

paragraph of that answer in the middle of the page and also17

18 the next question and answer and the following question

19 involving the computer program, it follows the question:

20 "How do your results compare with those by Fa AA," that would

21 also go out.

22 To the extent that his answer on page 17, he is

23 there both with Mr. Henriksen, his answer should not be
,

( 24 accepted with respect to DEMA.
There was one other one I think as well, Judge25
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2- XJBegb- 1 Brenner. !

2 JUDGE BRENNER: All right. We ll you've given
..

()- 3 us the picture and if we need to we'll come back with

4 specificity on anything you might have left out.

5 MR. ELLIS: Thank you.

6 JUDGE BRENNER: In fact'we would need more

7 specificity on some of the ones you ran through, if we need

8 to.... Why don't you give us a .noment and wa'll see if we

9 can give you a ruling before the lunch break.,

10 MR. SCHEIDT Your Honor, could I make one point? -

I 11 There has been no evidence in the record that

12 DEMA deviates in any way from the standard practices in the

13 rest of the.world.

O 14 JUDGE BRENNER: Well I don't think that is an

15 accurate statement. There may be evidence that you disagree

16 with.

17 MR. SCHEIDT I'm so rry?

18 JUDGE BRENNER: .I don't think that's an accurate

19 statement on your part, you said there is no evidence in the
'

20 record. That's a strong statement.

21 MR. SCHEIDT I don't believe there is, Judge
,

22 Brenner.
|

23 JUDGE BRENNER: I have a recollection -- I don't
O think it's q,ing to matter for our ruling, but I have a24

25 recollection that Dr. Chen off ered some testimony in that

i

f
1

.
- - - . . .

J,.
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regard as to what he believed was1the appropriate procedureb:LWRBagb I

2 in terms.of the number of orders- to meet DEMA' and he talked
..

-

n

}) 3- about his experience with' what has been done over the years-

'4 to his knowledge. So to say there is no evidence -- that's
,

5 why I said your statement was a strong one.

6. MR. SCHEIDT: 'Well --

7 JUDGE BRENNER: -You may not agree with it or you

8 may later show in findings that he was speaking in

generalities and then when he was attempted to be pinned9

10 down' by cross-examination could not support it in the detail

.11 necessary to believe 'the statement, but that's diff erent

12 than saying there is no evidence in the record.

! 13 And I would add that it's solely based on my memory.

-v 14 That would certainly be the kind of thing I_would want to

15 search for in the transcript before. making a ruling' on it,

16 but.I don't have to make a ruling on that point now.

17 (The Board conf erring. )
,

,

18 JUDGE BRENNER: We are going to deny-the motion.

! 19 Professor Sarsten, as everybody can see, is clearly an

20 expert in the performance of analysis of torsional vibrationf

f 21 that is sufficient to give the testimony he is giving.

22 He has also testified and has sufficient'

23 axpertise to be permitted to give the testimony on what he
,

i 24 thinks our proper standard practices should be. He has
.

25 explained candidly as to how he is applying what he has

!

|
~

I '

L
i
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E WRB;gb i done to DEMA.

Later we will evaluate the weight of 'whether or2

3 .not this is the way it should be done under DEMA. But that()
4- would be the weight.and not the admissibility.

5 Our. starting. point'is -- One of our points-is the
obvious one that LILCO surely is not moving to strike all6

7 testimony that refers to DEMA as some sort of benchmark by

8 witnesses who analyses employ 24 orders or orders greater

than six because otherwise some of- Fa AA's testimony would9

10 fall for that reason,.so clearly that is not what LILCO has

11 intended by the motion.

12 When we evaluate Professor.Sarsten's testimony,

13 it is very similar.in certain regards to FaAA's, that is, a

14 presentation of the approach to how the calculations are

15 made by the witness and then the matching up of those ,

i

16 results with certain guidelines or benchmarks, including

17 DEMA's, and then different opinions as to whether or not
,

18 that's an appropriate matchup to be sure. But that is

39 something we .will evaluate in terms of the evidence.

20 MR. ELLIS: I understand the Board's ruling. It

21 does seem to me, however, that there is a distinction

22 between an expert on the calculation of torsional stress or

23 torsional stress analysis of the crankshaft and a person who

24 indicates that he is an expert on the interpretation and

25 application of DEMA. That is not the -- the interpretation

.

- _ , _ _ -m.. . , , _ . - , _ . - , ,,, , . , _ . . . , , _ - - . _ _ . _ - , ., ,. , , , . . , , , _ . - _ _ ,,--,m,.
--
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& WRBagb 'I and application of DEMA. was not, -I -don't think, an Fa AA --..

it .was Dr. Chen' who was the interpreter and the applier of2

: - -3 DEMA. And to the extent ~ that Professor Sarsten would put y

'

4 ~himself in the same category, we do not:believe he has met-

-5' that standard..>

6 JUDGE BRENNER:- Well.you have our ruling. He has

explained what he knows and what he doesn't know about DEMA-I 7

and why he has taken the approach he has taken to'using the8

24 orders and-we'll put it together with-the weight.9

Incidentally, even if we were to accept the fact10
;

'

il that there was some subset known as an expert on DEMA underi

12 which we should strike testimony,-just using by example the^

.

13 <tes.timony you pointed to as falling under that motion.
; -O

14 .Mr. Ellis, it's overly broad because much of that testimony

15 does what Fa AA dida it performs the calculations, shows
I .what the results are and then points out something which we16

17 could do for ourselves as to whether or not it's.over
1

the 5000 and 7005 psi limits of DEMA.18

: 19 MR. ELLIS: Yes, I understand.
I

20 The reason that I gave that testimony --

i

21 JUDGE ~BRENNER: Let's end it right here. We have ,

22 our ruling.<

| MR. ELLIS: .The reason that I gave that testimony

u O - -
23

! 24 -

25 JUDGE BRENNER: I think we have enough on it.

, -- . . . . _ . . - - ~ _ _ . _ . . ..-- _. _ .._ -_ _ __.__. . . _ _ _ . . _ _ . . _ . . . . _ . . . _ _ _
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2 'WRB gbL 1 MR. ELLIS: -- was as a. predicate for the

2 conclusion that' it did not meet DEMA. .

[)~ 3 JUDGE BRENNER: You have some other questions in

4 your cross plan which are similar to questions we have

5 in our mind as to pursuing the point of is it proper to take

6 .this approach given DEMA and what was known back when DEMA

7' was promulgated and so on? And we expect you to pursue

-.8 those and we have some testimony from other witnesses for

9 LILCO already in the record in that regard.

10 MR. ELLIS: Yes, sir, I do want to follow up on

11 some of these.

12 JUDGE BRENNER: All right. Right after lunch.

I

j 13 We're going to break for lunch at this point and we'll

14 come back at 2:00.

15 (Whereupon, at 12:26 p.m., the hearing in the

16 above-entitled matter was recessed, to reconvene at 2:00
4

17 p.m., this.same day.)

18

19

20

21-

f 22

23

24
|

2s

.

O
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D' WRB:b .1 AFTERN OON- SESSION i

(2:00 p.m.)
2

,y
U 3 JUDGE BRENNER: Good afternoon.

'4 Whersupon,

5 ARTHUR SARSTEN

6 and

7 ADAM HENRIKSEN-

8 resumed the stand and, having been previously duly sworn,

9 were examined and testified further as follows: ,

'

10 JUDGE BRENNER: .We have discussed the matter of

.11 scheduling for the discovery and possible preparation of

Jupplemental testimony by the County and Staff on cylinder12

J3 blocks. In our own mind we believe it a close question as
;()
! 14 to whether the hiatus of one week is sufficient, or whether-

15 two weeks is in fact needed.
Since it is a close question, if it is determined16

.17 -- and I will get to the timeframe for such a determination

18 in a moment. If it is determined that two weeks are in fact

19 needed we will permit it, our reason being that to a

20 r.easonably large extent, LILCO is in control of the schedule
.

| 21 with respect to the further testing and imparting of the
1

22 knowledge to the County of that further testing, and steps

; 23 could have been taken to impart a good deal of that

O 24 knowledge earlier than it was. Even three or four days

I earlier could have made a difference in our mind in .

' 25

:

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



23275
0070 07 02

1 MRBob I choosing between one week and two weeks.

2 Furthermore, the fact that the tests were

g)( 3 conducted when they were as opposed to an earlier time is

4 also in LILCO's control. We certainly don't know whether it

5 could reasonably have been done sooner or not, but

ne.vertheless LILCO was in control of its own testing and6

7 examination.
We infer from the discussion this morning that8

the present state of affairs of the County's plans are that9

10 the County has not yet determined that supplemental

11 testimony by its witnesses will in fact be necessary but

12 wants. time to consider that.

-13 Am I correct?

14 MR. SCHEIDT: That's co rrect, Judge Brenner.

15 JUDGE BRENNER: All right.

16 We also recall from this morning -- and let me

17 check .with the Staff to make sure we recall correctly --

18 that if the Staff decides to submit supplemental testimony

19 on the new information, it can do so by late in the week of

20 October 8th.

21 MR. GODDARD: That's correct, Judge Brenner. And

22 I have spoken with my witness and we do intend to present

23 supplemental testimony based on LILCO's.
b,s

24 JUDGE BRENNER: All right. So the Staff would be

prepared to file its supplemental testimony by a receivedl 25

|
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I LWRB2b- 'I- date.of Friday, October 12th. Is that right?
-

2x - MR. . GODDARD: That's. correct, Judge Brenner.
..

.
3 JUDGE _BRENNER* A11 right.

'

4, aur order-is that-discovery on the new

5 information begin at once, such discovery to involve- any and,

6 'all means of expedited- discovery other ~ than interrogatories.

7 I.also do not mean to preclude-the simple

8 - obtaining of data such that further discovery. would be made
.

9 - more efficient such as where certain things are located,

10 .what documents exist, what people perform certain things,

il and so on, 'and preclude . interrogatories. - We do not preclude

| - 12 simple identification-type questions which should and could
!

13 be _done informally.
:

O 14 The discovery should be concluded just as soon as

15_ possible .and certainly some time before the end of the week

', 16 of Friday, October 8th.' I don't want to set a more pr.ecise

17 date than that. Well, maybe I should say no later than
t

18 October 12th, so the parties don't end up in a dispute, but

19 .we would expect that it could be completed earlier than the

20 12th by at least a day or two.

f 21 As soon as possible from the County's point of

22 view next. week we would like to hear whether the County

23 ' plans on submitting supplemental testimony and if so,
O whether it is going to be brief enough such that the County,24

25 too, could file its supplemental testimony on October 12th,

(

)

3 . . - , w- -wn e-.--- -, r- - . - - . - , c.-+. es,---- *---we. , + , , , , - ,r,----- .-----+,r-*.--#.-=.,,--~w4--....,w-m-.-.~ -~ ---=+em*..+-
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1. WRB;b' I and we certainly need to hear that from the County on the

record of this hearing by the morning of October 4th. , To2
,,
\J .3 .the. extent the County can tell us earlier, we would 4

4 appreciate that earlier advice. 7,

5 If the County tells us that (a), it will be

6 filing supplemental testimony and (b), that it will be
'

7 extensive enough such that it could not file it by a

B received date of October 12th, then we will accord the

9 County the two-week break in the hearing.

10 We expect good faith on the part of the County in

Il terms of giving us its serious and considered opinion that-

12 if it can.indeed accomplish the task by Friday, October

13 12th, we can avoid taking a lengthier break in this hearing
O

14 .than the Board would like to see for reasons of our own
i

15 prearranged schedules.

16 Let me add that if the County's problem is that

1 17 October 12th is too tight but it can make it the day or two
or three af ter that, such as October 15th, we could probably18

come up with some accommodation for that that would avoid'19

! 20 the need to take a full two-week break. If it gets much

21 beyond that, we will probably have to take the full two-

22 weeks. ;

23 So that's where thu matter will stand until we
(11

24~ revisit it as soon as the County is ready to revisit it next.

25 week no later than the morning of October 4th.
f

<

.-. ___._,,_..-...__,___..--.-,__.,_,.m_,.,- - - . _ _ _ . -. . . . . , _.
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Mr. Ellis.Nf;l' !.WRB;b ~1 '

i-
,

2- .MR. ELLIS: Judge Branner, does the Board 3%?
N g- f f,q

fa contemplatethatin-thisperiodoftimoduringkhictd),her,eV 3 6 '

q ,T f

f34 is discovery, if the County has newdopinions or changeq of
.,

i

f 5 views on the basis of that LILCO, too,' and the Sta f f 6141
..

' s .

have an opportunity .t.o take their depositions to know what6 3i }
,s .*

7 'their views,are?I t
,

;*

8 JUDGE ' BRF/INED;: No, we did not contemplate ihat.
}i' .MR .l /ELLIS: Ne11, I guess I'm askicc7 yod to 4'

' < - c
< c ^

9
1 | |"*s{

t'

,

contemplate that becaus; I think it would be spo'ropriate.,10

Youarenotgoingtopakdnit'.in a
'

ts
'

Y j.DGE BRENNER:
JU11 t ', q ' ( '' i

week -if yot.ldiscover them at the same time .they ara t,rying12
i

13 to discover you and decide whether they wa'at to preperc.
Q

_

We certainly contemplate that you will ha)v.e any
e1 . !

14 testimony. *;%- < ,
.

15 supplemental testimony that they are going ,to file at least
afewdays;beforeyouhavetd[y

-. *
, ,

g,j,
. cross-examine it .

7 16-

IfyouwanttoNonductdiscoveryoffthem, I might'

17
.) C'

. ~18 as well make it two weeks.' *

19 MR. ELLIS: If 'we could keep it the way it is, I

20 suppose we wouldn't. Ifitdoesgofotwoweeksbecause the

21 Board for some r.eason decides that it ,is appropriateuthen
; i a

\U - ,? iD 22 we.would.
# . .

a'' 23 JUDGE BRENNER: All right. We 'i<ni consider $that,

If J.O point again when we get to Octhber 3rd or October 4th.
~'"

'-
>24

25 .MR. ELLIS: Judge Brenner, does that mean the o,

I i

1 i ,
,

.

, .'t /

Y
>

,
_ ,

!)
-

.

.

, -- n--- --,& , - , . , . ,
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3 MRB;b I block testimony will then begin with the LILCO panel on

2 October 15th?
(~h-wJ 3 JUDGE BRENNER: Not necessarily. We will find

4 out on October 3rd or October 4th whether we are going to

5 take a week break or a two-week break.

6 MR. ELLIS: I see. .With a week break it would be

7 October.15th, and with a two-week break it would be the-

8 22nd?

9 JUDGE BRENNER: Except that we are going to

10 finish up the County's panel on crankshaf ts and pistons

il before we go back to blocks.

12 MR. ELLIS: Yes, sir.
.

13 JUDGE BRENNER: And I indicated in passing that
-.s

\.J an adjustment of a day or two might be accommodated without14

15 having to lose a whole week. And that's why I purposefully

1.6 .did not give particular dates for particular events. We ,

17 will have to go back to this on the 3rd or the 4th of next

18 week. -

19 In.short, the County has prevailed in the

20 timeframe that it believes it needs. However, we do not

21 want to assume at this time and do not believe the County

22 has to assume at this time that it will need that full
23 timeframe. And we want to try to save some time and hope we

7,

u~') can do that when we discuss the subject again on October 3rd24
,

25 and October 4th, based on greater information which the

1

.-
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-l WRBeb -1 County will rapidly.and- efficiently be able to obtain f rom
:

12 LILCo.

.( L3 MR. ELLIS: - Judge Brenner,-where does-the Board'-

. contemplate we do af ter. these witnesses are completed?4 .

5 JUDGE'BRENNER: These two witne sses?

6 .MR. ELLIS -Yes, sir.

7 JUDGE BRENNER: I thought the' Staff has agreedL we

8 ' could go to' its witnesses on pistons.

9 Am I correct,.Mr.' Goddard?

10 MR. ELLIS: I think the Staff said that but I

il think the Board had indicated that would be one of the

12 things it.would consider.
I-

.13 JUDGE BRENNER: I'm sorry, I meant to say that

o that was very good . news to us because we did not want to14

; 15 require the County's witnesses to be here this week, for a

16 number of reasons, the inconvenience to the County's

17 witnesses due to lack of notice that some of them would have

18 to be here this week, and more importantly, the fact that
:

19 they are going to be efficiently engaging in. discovery this

20 week, and that could be one of the reasons why we won't need
i

I

21 a full two-week break.|

|

! 22- And we know we are not going to hear about'any'

2:3 discovery. dispu.tes unless they are absolutely, positively |
"

(:)i
24 . matters of the utmost importance and privilege.'

|
25 MR. ELLIS: I hope not, Judge, but'I hope that is

,

t-

i
i
I. ..4'- --~ ,, - , - . . . ._.--- .-. ,, .....,,-m. - m,. . ~ _ . . _ . - - . - . - - . , . . - - . . . ~ . ._ - - . - - . _ - -_ ___-_____-~___ -,,
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2 WRB;b I also not an invitation to the kind of blanket reqefest that.'

1

2 sometimes comes. I am sure that both sides can be

('', 3 reasonble, but I hope the Board's views are not taken as an
s-

4 invitation to those kinds of requests.

5 JUDGE BRENNER: They won't be, and if they are,

6 we wi.11 deal with it. And your point is we ll-taken.

7 We are at the point of very specific information

8 . based on very specific things that have occurred in the

9 uncertain timeframe subsequent to August 14th. Of course

10 they are going to have to find out better what occurred from

!! LILCo.

12 We can. proceed. Continue with your

13 cross-examination now, Mr. Ellis,

n
(%) 14 .MR. ELLIS: Thank you, Judge Brenner.

15 CROSS-EXAMINATION (Resumed)

16 BY MR. ELLIS:

17 0 Professor Sarsten, let's continue along a line

18 that--

19 JUDGE BRENNER: Mr. Goddard, did you want to say

20 something?
|

21 MR. GODDARD: No, I just turned my microphone on,

| 22 anticipating Mr. Ellis' first question, Judge.

23 (Laughter.)

() 24 JUDGE BRENNER.: All right.

25 I'm so rry , Mr. E llis . Proceed.

- _ _ -. --
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1 '.WRBab i BY.MR. ELLIS:

~2~ -Q Returning to the subject that we were discussing

) 3 .before, Professor [Sarsten, namely the summing up orders,

4 -look at page 12 of your direct testimony.

5 You say there,~and I'm paraphrasing, that

6 Dr. Chen summed 12 orders and that that accounted for only

7- half, as. you put it, of' the 24 orders now normally used.

8 How many orders were formerly used?

9 A (Witness Sarsten) Before the advent of the

10 digital computer and hand-calculations were made,- it was

11 customary to only look at one order. The vectorial

12 summation is a very laborious process if not done by a

13 digital computer.

14 JUDGE BRENNER: Off the record.'

.

15 (Discussion off the record. )'

16 JUDGE BRENNER: Back on the record.
:

17 BY MR. ELLIS:>

18 O Professor Sarsten, you said or I believe you-said

that prior to the digital computer and hand-calculator, only19

20 one order was used. What period of time was this?

! 21 A (Witness Sarsten) We made our first computer

22 program for forced torsional vibration and summation of a
1

23 . number of orders in 1965.

I also believe that Det Norske Veritas made theirl ) 24
.

25 first computer program for summation of forced torsional

|-

|

|

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



23283)070 07 10

I WRB:b 1 . vibration orders also in 1965.

2 It, however, took some time before the majority

3 of the engine manufacturers started to use digital computers([)
4 to sum their. orders, and I believe that at least in Europe,

5 it has been standard practice since around, oh, '72, '73,

6 for all of them.

7 Some of the engine manufacturers used it previous

8 to that date.

9 0 Now that is summing of orders in Europe. Is that

10 co rrect?

11 A That's correct.

12 I must also add we have performed calculations

13 for American engine manufacturers. We have there also used

( 14 our program and summed 24 programs.

15 0 But the summing of 24 orders was not with respect

16 to DEMA, was it? It was just summing of orders? It is not

17 the application of DEMA?

18 A This was for the calculation of a specific

19 application which was critical. I do not know the use this

20 American firm made of our computer results.

21 0 So your answer is you don't know shether it was

22 for DEMA or.not?

23 A No, I do not know.

() 24 0 What was the name of that firm?

25 A The name of that firm was ALCO Products,

:

f

. .
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3 MRB;b 1 Incorporated. They were then, I believe, already associated

2 with White Motor Company in Auburn, New York, at the time.
s() 3' O So is it..your testimony then that until

approximately 1972, the number of orders normally used by4

5 manuf acturers in Europe was one rather than 24?

6 A No, that was not my testimony. My testimony was

7 that it was not universal for the computer calculations

8 submitted to the major classification societies -- I am now

speaking actually .of one, Det Norsek Veritas -- to include9

10 force . vibration.. Before roughly 1972, it was not

11 universal.

12 When you make forced calculations you will

13 include normally a large number of orders, now usually 24,
10
\ '' 14 because if we are in a loop it doesn't make any difference

15 really how many orders you include as long as you have the

16 data available.

17 0 Well, then as I understand your testimony, it was

18 prior 365 and prior to use just one order in connection with

19 torsional stress analysis.

20 A For force vibrations, yes.

21 I seem to recollect that Porter had summed some

22 orders but it is very laborious and will not be done by hand

23 unless in. very special cases and then only a few orders,
n I take it you would agree with me that when a24 0's

25 classification society or an organization like DEMA sets a
t
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i stress limit which has 7,000 psi for summation of orders
k WRB:b l
l

2 that it has .in miad certain calculational techniques that

() 3 exist at that time. Wouldn't you agree with that?

4 A No. I do not know that I would phrase it in that
.

5 manner.

6 0 How would you phrase it?

7 A When they say that they refer to a sum of major

orders, I would say that is to include as many orders as is8

9 significant for the accur.acy of the result.

10 0 All right,

11 Will you agree with me that there are in theory

12 anyway an infinite number of orders?

13 A There is an infinite number of orders, granted.

Os/ 14 0 All right.

15 You indicate in your testimony that 12 orders

16 include the most significant ones. Did you do any of your

17 calculations summing 12 orders, as you term them, the most

18 significant ones, on page 12?

19 .A No, it is standard practice to use 24 orders. I

20 would never use as few as 12. I would use more, but never

21 fewer.

22 O May we have an understanding that when you use

23 the term " standard practice" you are ref erring to the
(')
(s' 24 . testimony you.have given about the European manufacturers?

25 1s that correct?

_
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3' WRB:b i A Also the other classification society, I would

2 assume, would use 24 orders as a standard practice. The

proposed rules -- I would call them CIMAC, or Internationalx,) 3

4 Association of Classification Societies' proposals includes

5 the Japanese society and the American society, ABS. They

6 specifically refer to the use of 24 orders.

7 0 Okay, that's interesting.

8 You say first of all--

9 MR. ELLIS: Let me have the answer read back,

10 please. I think you said you assumed something.

11 (Whereupon, the Reporter read from the record

12 as requested.)

13 JUDGE BRENNER: Excuse me.- Off the record.

- 14 (Discussion off the record.)

15 JUDGE BRENNER: Back on the record.

16 BY MR. ELLIS:

17 0 You said that you assumed that the other

18 . classification societies would use 24 orders.

19 Do you, as a matter of f act, know what ABS -- how

20 many orders ABS sums?

21 .A ABS does not sum any orders. It only moves on

22 the calculations submitted to it. There is nothing specific

23 in .their rules, I believe, .which requires 24 orders.

( 24 O I see.

So that's an instance where you would agree that25
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:1 '.WRB b i since there is nothing specific in the classification

2 society's rules that it is a matter of interpretation and
g
( ,/ 3 you have to consult with the society. Is that right?

4 A You would. have to consult with the society, and

5 if they did not agree that the number of orders you

6 submitted were suitable, or if your torsional or vibratory
.

stresses lie close to the allowable limit, they would ask7

8 you to refine your calculations. They would ask you perhaps

9 to make measurements.

10 0 Well, then, do you know how many orders ABS

.11 sccepts as adequate for being summed?

12 A That is something ABS would have to rule upon.

13 I do not know that.
O Well, have you reviewed the testimony given by14 Q

15 ABS witnesses in this. proceeding in depositions, together

16 .with the exhibits?*

17 A Yes, I have.

18 0 Well, do you know from having reviewed that

19 testimony how many orders they accept as adequate for

20 summing for torsional stresses of crankshafts?

21 A I cannot recollect. I read it through but it was

22 some time ago.

23 If you could point to a specific page I would be

24 grateful.

25 0 Well, it is f air to say then that you do not

- _ _ _
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i NRB:b 1 know what. number of orders ABS will accept as being adequate

-2 for summing for their torsional stress analysis?

) 3 A No. That would be something they would have to
'

4 . rule.upon.

5 0 You are aware, however, that they have ruled upon

6 that in connection with the 13 by 12 inch crankshaft figure-

7 submitted to them by.TDI?

B A I'm aware that they have ruled upon that

9 crankshaft, yes.

10 O Necessarily wouldn't they have to rule on whether

'll the number of orders summed there was adequate for them?

12 .MR. SCHEIDT* Objection. ,

|

| 13 WITNESS SARSTENs. Necessarily--

) 14 JUDGE BRENNER: There's an objection. You have
1

15 to stop.

16 MR. SCHEIDT The question clearly calls for the

17 . witness to speculate as to what ABS might have done or might

18 do, and on that basis, the question is ob jectionable and
.

19 improper.

20 JUDGE BRENNER: I will allow the answer. I will

21 allow the witness to answer, but the weight which it will be

22 accorded may be minimum, depending upon what else the

23 witness knows and what the basis for the answer is. And I

24 will recall for Counsel some words with respect to our view

.25 of ABS and our ruling on the motion to strike some of the

<

> , - - -..-g -- - ,-,-----e , w- ,-,--- - -,, m-, --c., , ,, . --, , , , ,c . , , , - - - - - - --m,. - - - a ---
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2 MRB:b I County's testimony filed by LILCO, so we are already on our

2 own very wary about this area.

i j 3 It depends in part on how controversial some ofg

4 the information is among the parties, but we will allow the

5 answer because at this point I don't know what

6 Professor Sarsten knows as to the bases for it. If he is

7 just repeating things ABS said, we will evaluate things in
s

8 that light, along with how :omplex some of the things are

9 that he is repeating.

10 Do you need the question back after all that?

11 WITNESS SARSTEN: Yes, please.

J2 MR. ELLIS: I will give it to him.

13 BY MR. ELLIS:
(O
\~> 14 0 You are aware, Professor Sarsten, that the ABS

15 has ruled with respect to the present 13 by 12 crankshaft.

16 Does that not mean that necessarily ABS has ruled on what

17 the appropriate or adequate number of orders for summing

18 would be as applied to the case of the new crankshaft for

19 the Shoreham emergency diesel generators?

20 A (Witness Sarstcn) I would say not. You can

21 submit additional evidence, and I believe in this case the

22 Applicant submitted evidence on a number of other plants

23 which they stated had similar torsional vibratory
\ ') 24 . characteristics.

25 I must also point to the fact that the torsional

1

|

l
|

._
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'I WRBeb i stress levels submi.tted by the Applica~' actually lay over

2 the permissible ABS rules, in my opinion.
m
'd 3 C Prof essor Sarsten, you indicated that you did not

4 know how many orders were summed by IDI in its submission to

5 ABS. Did you review that calculation?

I re.iewed the calculation. TDI, as I recall,6 A v

7 did not sum orders at all. They only submitted the

8 indi.vidual resonance peaks in their calculation.

9 O Did you also review the ABS calculations relating

10 to the TDI submission for the 13 by 12 inch crankshaft?

11 A Which page are you referring to now?

12 O I'm not ref erring to any specific page. I'm

13 asking you whether you reviewed the calculations made by ABS
g-

' 14 .with respect to any calculation made by ABS with respect to

.15 the 13-inch by 12-inch crankshaft of TDI?

16 A As I recollect, ABS did not make their own

17 individual check of the calculations. They have, however,

18 accepted the crankshaft dimensions as being satisfactory.

19 0 Did you. review the exhibits to the depositions of

20 the ABS witnesses.as well as the transcripts?

21 A I reviewed the transcript. I did not recollect

22 having seen-- I'm not sure, but I don't recollect having

23 seen any exhibits to the ABS transcript.
(~s) The crankshaft itself, the crankshaft drawing is24

25 not available, but it's stated that it has been approved.

--. .
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1 =WRB b I Q' 'Well, suffice it to say, Prof essor Sarsten, if
.

- 2 ABS summed any orders in calculations of its own, you are

() 3 not' aware of them?

4 - A I can/.t recollect right now no.

5 0 Now you indicated-- Strike'that.

6 Was there a period in connection with your

7 experience in the European sphere when it became customary.

8 to sum six or 12 orders, or some number other than one or

9 24?-

10 A In my experienceLthe jump was made from hand

11 calculation to computer calculations, and when you first did'

.

.12 that, you went to the number of orders for which you had

13 data available.

O I specifically know that in 1964 when I was at14 ,

15 Sulzer, they had the first 10 orders printed on sheets and

.16 added on in pencil, I think, up to the 12th order.

17 I also know that for certain applications,

18 computer programs have been sold which sum less than 24

19 orders. This is due to the minicomputer capabilities. But

20 with. a little knowledge and more rational programming you

21 can get 24 or 36 orders easily on what would be termed a

22 minicomputer.

23 We did it, around 1974 or '75, for the students.

24 They used a minicomputer program which sums 24 orders.'

I 25 0 These calculations for Sulzer, what code were
!
:

:

{

.

-, -,.--,w+--y,--.,. ..-,.-,,,,--.,_,,-,-,_--.w,-,,,_--r.~,w_... .._,w.,_e-,,_ .._mm,_,-..-~,--,-_--.,-m---,.,m-,-e-,-..-,.-,e,---,m ,
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1 WRPr.b 1 they for compliance with?

!

2' A The Sulzer calculations were for compliance with

A the code._which the engine purchaser specified. They were
(_/ J

for compliance with Det Norske Veritas, with Lloyd's of. )4

5 London, Germanischer Lloyd, and so forth, depending upon the |

6 specific engine.

7 I worked in their torsional vibration balancing

computer -- I'm sorry, torsional vibration and balancing8

computation department for some months while I was in9

10 Switzerland.

Il 0 On page 12 you. indicate that although the 12

12 orders, referring to the 12 orders that Dr. Chen summed,

13 include the most signficant ones, the remaining 12

0 contributed to the accuracy of the analysis and should be14 . -

15 considered.
Wouldn't en additional 24, 36 or 48 orders also16

17 contribute to the accuracy of the analysis?..

18 A Yes, they would, but insignificant 1y.

19 I must here add that as the order number

20 increase, the eff ect on the computational accuracy

21 decreases,. and for sake of computer time, it is standard

22 practica to cut them off at 24.

23 I have at times used up to 36 orders in order to

24 calculate the accuracy of the calculations. when compared to

.25 a formal integration of the equations of motion. The

.
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higher orders do.not appear above -- that is, above 24, do11 WRBab~ 1-

- 2 not appear to-add anything significant to the results.
'

3 However, .there is a slight ripple on top of the calculations |() '

4 which will continue to be there even if you have 48. orders

5 or more.

6 This small. ripple on top of the results is', in ,

,

7 everyone's . opinion, very insignificant and is -neglected in

8 prac.tice.

9 Q Is the program you used or have capable of

10 summing 12 orders, or is it only capable of summing 24 or

il greater?

| J2 .A It is capable of summing any, practical number of
,

13 orders you wish. I-believe the present program has a cutoff'

at 48.. orders but if you wished to use more you can use added14

15 excitations, so called,. and finagle the program into
i
! J6 accepting 48 plus two times 24 orders. But this is never

17 used. * t is wholly impractical and only used for purely'

.

38 theoretical work.

19 Q Did you make any calculations using just 12*

.

20 orders?
4

21 A No, I did not.

22 0 Do you know what contribution the .second 12

23 orders -- that is, from 12 to 24, make in terms of

24 percentage?
j

25 A No, I do not. I would have to do it, do the

!

1

I

av 3 -.--.- - ,-+w v.,. , ,, n. , . - ,w-.s-, - ,_% , ,--,,,-c,m-,.r,..-.-w. - - .- - - . - - w-.v....---_m ,e - - - - - . - -r--,.,-,... -wr,,-- . _ , - .
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MRBab I calculaticn to ascertain that.l

.2 0 .You. reached the conclusion I think that a
,

'L 3 summation of 24 orders led you to the result of 7,096 psi.-

4 A That's correct.

5 O The 96 or 97 psi, would that be about 1.5 percent

6 of the total?

7 A Roughly, yes.

8 O And you cannot tell me how many orders contribute

9 to that 1.5 percent, can you?

10 A .Not without making a digital calculation.

11 O Well, would it be f air to say that we are only

12 . talking .about one or two or three orders that make up 96

13 . psi, or are we talking about the 12 additional orders that
7s

~

14 make up, the 96 or 97 psi needed to meet DEMA?

15 A It depends also on the phasing of the harmonics.

16 It is hard to say without calculating. I would assume that

J7 there were several orders needed to-- Nell, again it

18 depends on the phasing. That is not to say anything off the

19 top of my head.

20 0 It depends on what? I'm so rry.

21 A I was going to say it depends on the phasing of

|
22 the order, the phase angle, but I would not like to guess.

23 1 would like to calculate it to see in this specific
,

('')!
! 24 insta nce.

25 0 Well, is it f air to say that as an engineering

1

|

. . .

\
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D NRBeb l rule of thumb that orders that contribute 10 percent or less

2 to the result are not significant ones?

(' 3 A No, I would not say that. Far from it.

4 Q All right.

5 From 10. percent, what would you say down fromJ

6 that would you say ceases to be a major order in terms of

7 contribution?

8 A I can here only abide by the standard practice in
,

9 industry which is to take the 24. I would ha,ve to look at

10 the difference between the 23rd and the 24th to say that.

11 It is not based upon a variable number, depending

12 upon a. magnitude. It is a fixed number of orders that is

13 commonly used.

14 O Do you know "cw DEMA defines the orders to be

15 summed?*

16 A If we had the rules. But it's the major orders

17 which, if my memory is correct, come into phase
'

18 simultaneously, or something of that order.

19 0 Prior to the lunchhour, I handed Professor

20 .Sarsten -- I gave you excerpts of DEMA, and I. mtght just
4

21 help you by asking you to turn to--

22 JUDOE BRENNER: Mr. Ellis, some of the DEMA'

23 rules are already an exhibit. If you can refer to a portion

O already ln~ evidence, that might help. Don't ask me which24<

!
'

25 . ones.
|

| |

I
'

_ __- . - , _ _ _ _ _ _ _ _ - . , _ _ _ _ _ _ . _ _ _ _ _ _ _ _ . . _ _ _ _ _ _ _ __
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I RRB b 1 .MR. ELLIS: We'll find-that, Judge.
.,

2 JUDGE BRENNER: LILCO Diesel Exhibit 14 pe rhaps..'

() 3 MR. ELLIS: It is C-14, Judge Brenner. And for

4 purposes of the question-- -I haven't asked you a question

yet, Professor Sarsten, but did you want to say something?5

6 WITNESS SARSTEN: I wanted to correct my memory.

7 I said 8 simultaneously" but it says coming to phase

8 " periodically" here.
i

9 BY .MR. ELLISs

10 0 It's a big diff erence, isn't it?

.11 A No, it/s just a matter of semantics.

12 0 All right. .

13 Look if you would, please, and I'm refe rring to
O 14 Exhibit C-14 -- it's page 53.4

j 15 How does that define the orders to be summed

16 under DEMA?
t

17 A (Witness Sarsten) I'm sorry, this is C-14.

la Would that .be the same as page 55 on the handout you have

19 -Just given us?
!

.2D 0 Yes, it is,
i

21 JUDGE BRENNER: You said 53. Did you mean--
,

22 MR. ELLIS: I was incorrect. I meant 55.

23 JUDGE BRENNER: All right.
,

i (:) 24 WITNESS SARSTEN: I'm sorry, are you waiting for

25 an answer?

|

!
i

f

| -

-- - . ~ , - - . . - . - - _ - - - . , - . - - . - , , - - . - . . - - - . - - . _ , , . . - - . . . - . . - . . . - - - - - - .
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i NRB:b ' 1 MR. ELLIS.:. Yes, I am.

2- BY MR. ELLIS:

3 0 l asked you how does that define the orders to be()
4 summed for DEMA purposes?

5 A (Mitness Sarsten) All right. Here is says:

8....or a superimposed stress of less6

7 than 7,000 psi created by the summation of the

8 major orders of vibration which might come into
.

9 phase periodically.8

10 0 Is there any definition in DEMA as to how many
;

e 11 are the major orders? ,

t

12 A There is not.

13 a Well, then this requires some interpretation,
,

14 doesn't it?'

15 A I would.not.say it does. An engineer, looking at!
'

,

16 this, would say that it is-- Let me first add that the,

17 series of orders of course goes to infinity. An engineer,

18 looking at this, would read it, or at least I did, that this'

,

19 is all the orders of vibration which are significant for the'

!
!

20 accuracy of the result.
1

21 They cannot say summation of the all the major'

22 orders because that would be an impossibility. There is an
;

23 infinite number of them.
i

24 Otherwise, if one is to choose a lower number of

25 orders than that which is commonly used, this DEMA standard,
<

f

l-
..-.-_-._ ._..
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| WRB:b 1 which is supposed to be standard, would then allow the user

2 to choose from a menu of different orders and choose those
,

3 which he, to his own mind, would define as major orders
-

4 which would allow him, when summed, to bring the stress down
'

5 below 7,000 psi.

I do not believe that this is the right way to6

7 construct a standard practice. It will allow the user a.11

8 the leeway he wanted to bring the stress level down to a,

9 for him, acceptable level.

10 .0 I think you testified this morning that you did

11 not know when this standard was set, but if it was

12 established as I believe testified to by Dr. Chen in the

13 1958 time period, you would agree with me .wouldn't you,
O
(_/ 14 that you could not sum 24 orders in that period of time for

15 purposes of DEMA1

16 A No, it would be quite a laborious exerciset

17 granted.

18 0 And indeed you have already testified that at

19 least until 1972 or '73, it did not become universal, even

20 in Europe, to use 24 summed orders, so that if there were--

21 Strike that.

22 JUDGE BRENNER: Are you going to ask him a

23 question about that, or are you going to testify yourself?
O MR. ELLIS: I was using it for a leading'; 24

.

25 question.
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WRBpp- 1 I'll. withdraw.that.

2 JUDGE BRENNER: It's okay'to lead in cross-

() 3' axamine, but the problem is if you have double assumptions

4 and don't give the witness the chance ~to answer.as to --

5 MR. ELLIS: I agree.

6 BY MR. ELLIS:

7 0 Professor Sarstan, are all orders in the first 24

8 considered major?

9 A -(Mitness Sarsten) There are two definitions of

10 major. orders. One is the major critical orders. The second

11 is major,.which as used here, in the sense that they

12 contribute to the accuracy of the answer. Of course,.sil.

13 the 24 orders do not contribute the same amount to the final ,

14 rasult, obviously.

15 0 How much does the third order contribute in terms

16 of. percentage, if you know?

17 A I do not know. I would have to look that up. I

18 have made these calculations. A third is, as I remember, a

19 .relatively large order. It is also a large order as regards

20 the .eff ect of the oscillating mass. The third order

employed is the difference between the- gas forces order and21

22 the result of the'o.scillating inertia forces.

23 0 You don't know whether the third order, then, is

O a large or small one in its contribution to the torsional24

25 stress summations?
|

:

!

_ - - _ _ . _ _ _ _ _ _ . _ __ _ _ _ _ _ . _ _ . _ _ _ , . . _ _ _ . . _ _ . - _ _ _ . . , . _ _ . . _
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'WRBpp 1 A. Well, I've been sitting all evenings punching

2 these in. I have them'in the computer printout. The-third-
,

's T 3 order -is a relatively large order.

4 0 All right. Would you look, -please, at the

5 Exhibit C-17, page 3-14, Professor Sarsten?

6 MR. ELLIS: For the Board's convenience, that's

7 the crankshaft report.

8 WITNESS SARSTEN: Which page?

9 BY MR. ELLIS:

10 0 3-14, Prof essor Sarsten.

11 Do you have-that before you?

12 A (Witness Sarsten) I do.

13 0 Let me direct your attention to the stress for
O

14 the third order. It says, "The amplitude and displacement

15 f or the third order," -- it says, " . 001." Do you see that,

|6 sir?

17 A I do.

18 0 That's very small in relative contribution, isn't

19 it?

20 A I thought you were asking about the magnitude of
|

21 the harmonic excitation. The others would depend upon the
t

: 22- speci.fic example cited. It may be large, it may be small.

23 Depending.upon the vibratory system being considered.
()

,

Well, is the third order, then, a fairly minor>

24 0

25 contributor to the summation process that you go through?

|
:

I

|

-.
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'NRBpp 1- A Referring to this specific case, we're not now'

J

,
2 speaking of the magnitude of the harmonics. Then the third

3 order is a minor.''-

4 .0 It's a minor one, isn't it?

5 A It's a minor contribution. But it is a major

6 order. I would say any of the 12 are major -- the first

7 24, then, are major orders. Some of them contribute more.

8 Some contribute less.

9 But I distinctly do not want to accept a method

10 of calculation which allows the user to sit and choose among

11 a menu of contributions to suit his own needs.

12 JUDOE BRENNER: Prof essor Sarsten, I'm a little

r~s 13 confused. Could you explain to me your distinction between
G)

14 the contribution to the magnitude of the harmonics of an

15 order in this example, the third order, from the

16 contribution to the total and the summation of all the 24

17 orders processed?

18 WITNESS SARSTEN: I would like to try. What I

19 referred to originally in my answer was the harmonic

20 excitation of the third order. However, that excitation

21 may, for a specific system, not result in a-large amplitude

22 of vibration of that order. The 0.001 here is the result.

23 It depends upon the number of cylinders and the phasing and

24 so on.

25 Now this will, in this case, not contribute

._. . -, . - -, . _ - _ - . _ . - _- .-
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36;WRBpp .I; very:much toL the: vector summation if they are in phase.

,

..
.. 2 can, at the most, contribute only one-thousandth to the--

~ 3' . vector summation .given at the bottom of the page.
,

4 JitDGE BRENNER: While I'm at it, if you will

5 forgive me, ~ Mr. Ellis, 'I have' one or two other things I was

6 confused on with regard to Professor Sarston's use'of these ;
.

o

7 orders.
' !

8 4R. ELLIS: Yes, sir.

- 9 JUDGE'BRENNER: Maybe I' can clear it up in my-
.

'

10 mind.'

II' Looking at your Exhibit 3, Prof essor Sarsten, --

12 let me-check. .Yes, your Exhibit 3, which is your graphic !

.

13 representation of the single orders.

14 WITNESS SARSTEN s That's co rrect. - It shows a
4

15 fourth order and, to the left, the five and a half order, |
.

16 which is here nearing resonance and increasing in magnitude |

17 as we go toward the left towards. lower revolutions of the= t

i
.

18 engine.

19 JUDGE BRENNER: Are those the only two orders }

20 shown? ,

21 WITNESS SARSTEN s There is also at the bottom
!

I

| 22 shown the fifth order, which is a very insignificant
!

|
23 contribution. But it has a slight peak at its natural-

i.
i 24 frequency. The line is shown as five.

|.I'
25 JUDGE BRENNER: What do the numbers in the right

|
|
: .

,

.mm. .-,- y . e m -- nmv.w m wp--v%w m-- p ____,,-,--m.,,,w.7,-c.,,,,..m.g.,,-w w..,ww-n.we,,.m,w,,..m,*.-,w,,--,,-m
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'l MRBpp i vertical scale mean, four, five, sixt then seven, eight,

2 nine?
m

s/ 3 WITNESS SARSTEN: Those are the various shafts.

4 There are diff erent s. tresses in each of the various shaf ts

5 .along the engine.

6 JUDGF BRENNER: Thank you.

7 Mr. Ellis?

8 BY MR. ELLIS:

9 0 Professor Sarsten, getting back now to the third

10 order with respect to the Shoreham 13 x 12-inch

11 crankshafts. Am I corred that I heard you say that that

12 would contribute no more than .001 to the summation of

13 stresses to meet the 7,000 PSI DEMA standard?
(~)''' 14 A (Witness Sarsten) That would be the maximum,

15 yes, if it were phased correctly.

16 0 So that would be less than I percent of the 7,000

17 a llowable?

18 A I'm not good at mental arithmetic, but it would
*

19 be less than I percent of the allowable.

20 0 Would you agree with me, then, that this is not a

21 major order in terms of summing stresses for the DEMA

22 allowable?

23 A No, I would not. In this specific case, it turns
,_

24 out that this order has a low value. It may not in other''

25 cases.
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9 .WRBpp 1 0 Do you-know-whether Dr. Chen used number three in

2 his summation of- 12 orders?
.q
kJ 3 A No, I do not.

4 0 Professor Sarsten, you referred to a graph in

5 which you showed the fourth order and the fifth and a half

6 order. Are those the two orders that contribute the most to

7 the allowable limit of 7,000 psi?

8 A It would depend upon their phasing.

9 Q But I'm ref erring now to the Shoreham 13 x

10 12-inch crankshaft?

11 A I am too. It would depend upon the phase. You

12 have to take these two individual orders and run them for

13 the phase angles that are relevant. I've not done that.
,

14 0 You've not calculated the phase angles?

15 A The phase. angles are given as input, of course.

16 0 So you've made no assumption about phase angles,

17 then.

18 A I think we're speaking on different wave

J 19 lengths.

20 The input to the computer program has, among

21 other things, a list of 24 amplitudes of harmonic

22 excitation. There is also a list of 24 phase angles of
|

23 harmonic excitation. I've had to have all these, of course,

O 24 in order to calculate the results.

25 0 Well, when you depicted on your graph, the fifth

- _ _ _ . _ . _ _ . _ - . _ _ _ _ . _ . . _ _ _ _ . . . - _ _ _ , , _ - - . . . _ _ _ . _ _ . - . - _ . . _ _
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1)-WRBpp_ l' and 'a half and fourth- order, why.did you select thoseitwo |,o- ,
.

J21 for depiction on your-graph?
p. Because those were the orders which, in the speed-3 Acs. s.

range we were considering, the rate of speed plus/minus 54

percent,'hadsignificantstresslevels.andsome.ofthjm $re
L5

'

6 near residence,.so therefore, the magnitude.ofistresses ,

e

caused by the single orders were largest. ^ ' >

7

8 JUDGE BRENNER: Mr. E111st while you've paused. Ii

n '

j .9 wonder if I could ask a question about that also? ,

.i
,

10 MR. ELLIS: Yes, sir.. j ;

L 11 JUDGE BRENNER: Prof essor$Sarsten, in giving 'your
,

'e' 12 results for the largest single order at 450 rpm at the f
i

j 13 bottom of page 13, you report that -- this is in the very
'O .last line of that page -- you report that as. approximately i

14
y

i .15 3800 pri. Whereas -- do you have that? ;
4

!

| 16 WITNESS SARSTENs Yes. s
t1

i
!

; 17 JUDGE BRENNER: Whereas. on page 15 in the nextl

.

!' 18 to the last line of the first answer, you report that as
q

19 being 3608 psi. Why is that figure different? Am I missing :

|
#

20 something?

21 WITNESS SARSTENs Yes. The one figure is the

: 22 results as they came out of the computer. The second figure

!
| 23 are the results corrected or refined to take into account

():
! 24 the measured values of the.. front end ampli.tude,of the
:

25 engine.
!

l.
I

i

,

- .y -,-,,r- wm -,---r ,- - w n- -,m.-
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JUDGE BRENNERif thich is the befined one?.
-

,.

b .WRBpp.' -1
,s,. ,/

WITNESS SARSTENs, The 3608 calculated value of 3
.. 2 ' *

(~ ,,~

- 3 whers was it -- 380C { psi came out of the computer. This

4 was based on. the fourth order harmonic amplitude given by-
/

5 'the owner's' group data and, I believe, calculdted by Failure
x

-

b, k ; 1

6 Analysis Associates. L

J > 1,

:i. 7. y on page 15, the ffgure:3608 psi is the same "
^

s, i . . :. x) a .,

., : ,, ' ,
<

figure diminished, or scaled down slightlyg to agree with;
'

8

themeasuredfrontendamplitudeduptothefourthorder.~a
9

o .,,

10 JUDGE BRENNER: I'm sti.f!1 confused, I'm so rry.
a

/

Because.when I look at your Exh'%ibitd. 3, which is the graph,
,>-

11

12 the measured value bowing st, what looks like it might be'

the.36C( point - it's thoudhc to be precise from that13 y ,

.O , ,

14 exhibit - but a little above 3500, f alls on the eir;hth
-

., .
.

,

15 position of the shaft. Whereas you still have a higher

16 value which looks like 'about 3'800 f alling orgthe. ninth
v e ,,

17 position of.the shaft. So aren't they two diff erent values
,

,,

fortwodifferentshaftpositionsi/,18 ,

,,,
'

19 WITNESS SARSTENs Actual'ly the figure giv'en is

20 for .the most highly stressed s6af t, which is the ninth
4

21 shaft,;in this case. We have only one measured value; at 450
-

>1 3
22 rpm.' ! <

23 JUDGE BRENNER: Andhhe measured value'is fbr the
'

O 24 ninth position?
. y
,

25 WITNESS SARSTEN: Right. Perhaps I should-have
a

"
, ,

I. t n
,d

'

,,

{,f'Y k

-- c - .- - . ._=: _ _ _ _ - _ _ _ _ _ 7 _
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9 WRBpp 1 noted that.

2 JUDGE BRENNER: All right.
f

3 Yes, again comparing two different portions'of~

4 your testimony, you apparently made no adjustment for your

5 sum or the 24 orders, in that you report that figure both

6 times as 7,096 psi, correct?

7 WITNESS SARSTEN: That figure has also been

8 adjusted. The calculated figure was 7,060-something. But I

9 calculate that to agree with the measured front end

-10 amplitude of .693 degrees. It was a very, very minor

adjustment there because the calculated front end amplitude11-

12 agreed so well with the measured value. ,

13 JUDGE BRENNER: All right. But your testimony

"() only, reports the adjusted value, then, in both places? -14

15 WITNESS SARSTEN: Co rrect, correct.

* 16 JUDGE BRENNER: I'm sorry, Mr. Ellis. I4

17 interrupted because I wanted to try to get straightened out

18 before your cross-examination zeroed.in on these specific

19 numbers.
1

20 MR. ELLIS: Yes, sir. And I have the same

21 question in mind.

'22 BY.MR. ELLIS:

23 0 Prof essor Sarsten, which then is the corrected

O number for taking into account the mer3ured front end24'

25 amplitude, the 7,096 or the 7,060?.

;-
;

I
)

. - . - - . _ - - _ - - ~ . _ _ - _ , _ _ _ . . _ . . - - . . . - , . _ _ . . - _ . . . _ . , . --. . . . , . . . - _ _ _ . - _ , . _ - _ - . . . . _ ~ , - . _.
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.WRBpp : 1 A (Witness Sarsten) The 7,096.

2 If you'll look, the difference between them is
r the ratio of 693, which is the measured value, to .690,(_)/ 3

roughly, which was the calculated.. front end displacement.4

5 0 Professor Sarsten, you say on page 12 that the 12

6 orders that Dr. Chen summed include the most significant

7 ones. How did you make that determination?

8 A I did not look at the orders individually. I

9 .would assume that - .an assumption again -- that Dr. Chen

10 .would take the most significant orders if he had only 12

11 available orders on his computer program. He would, of

12 course, choose the most significant ones.

13 0 What do you mean by the most significant ones,
gm

14 the largest?

15 A I would assume he chose the largest orders, yes.

16 I do not know that. It's purely an assumption.

17 0 Were you here when Dr. Chen testified and

18 identified the orders which he summed?

19 A I heard his testimony. I perhaps would have to

20 have that re-read if I were to try to identify his orders.

21 But again, it would be purely an assumption.

22 O Did you make any calculations of the third 12

23 orders. In other words, you computed the first 24, did you

24 make any calculations for 36?

25 A Not in this case. I have done, in previous

|

|

!
'

. _ . - __ . _ , , __ _ _ _ _ . . . _ , . _ . . _ _ . . -
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9 ; WRBpp -- 1 ' cases, just to test the accuracy of the computer' program.

~2 0 Do you know to what extent the_second 12 --
.

.r

( 3 strike that.

4 Can you name for me today the first 12, in terms

5- of contribution, for the Shoreham 13 x 12-inch crankshaft.

6 In other words, .the 12 largest.

7 A You would have to define this. I can looking at

12my computer program printout, find those which give the8

9 -- the largest stresses in a certain shaft. - But however,
when you add these vectorially, you do not know if these 1210

4

11 will, indeed, give a larger vector summation and another

12 choice from the menu of 24 crders.-

13 0 Well, my point is, can you tell me today, which
3_

( one -- which of the 24, which 12 of the first 24, would give14

15 you the greatest contribution vectorially to the 7,000

16 allowable?

17 A Not without performing a large number of

18 calculations'to make that choice.

19 0 And, I take it it follows that you cannot tell me

20 what contribution is made by the second 12, in terms of the

21 magnitude of vectorial contribution to the allowable?

22 A Not without calculating.

23 O So when you say that the 24 orders are necessary

24 for the accuracy of _the analysis, you cannot tell me today

25 whether the contribution of the second 12,_in terms of
.

. ,
- w y -.---.. vv3- - . r-- , , , , - -,, - . - . , , y- c.r- v-w-- , , , - , - . - , - - .
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WRBpp I of vector magnitude amount to I percent, 2 percent, 3

2 percent, or any percent, can you? And I'm ref erring to the -

'(M\l 3 Shoreham 13 x 12-inch crankshaft.

4 A My answer would be urely a guess without making

'5 the calculation.

6 0' So your answer would be, no, you cannot tell. me?

7 A Not exactly, no. I would guess, without knowing,

8 that:it would be less than 10 percent. That's just a guess.

That's just off the top of my head, if that's what you want.9

10 I don't think anyone can say that without calculating.

11

12

- 13

.O 14

15

16

17
_

18

19

20

21

22

23

..O.
~ ~ 24

|
1

25.
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1; .WRB;gb _ I 0 Professor Sarsten,|would you agree with me that

.2 the . standards such, as DEMA are established on the basis of
i

I) 3' _the. methodologies that exist.at the time the standards.are
!

4- adopted?

5 .A I have not sat on the panel. It would .be pure a

6 conjec.ture on my part.

7 0 You mentioned the CIMAC standard. That -- I

8 think you testified today that is still a draft, is that
9 co rrect?

10 A That's still a draf t and probably liable to be

il for the next several years.

12 O I take it that is because agreement-has not been

13 reached. among various manufacturers and suppliers and users,

O 14 is that right?.

;

15 A Agreement has not been. reached, but the agr.eement

16 is between the classification societies. The manufacturers
,

17 and users enter only indirectly into~ this consultation

18 through their respective classification societies.

19 0 Does the CIMAC that you mentioned, does that

20 refer to " major orders," or does it specify the specific
I

21 number of orders to be. summed? )

22 A As the rules are not finished yet, we do not know-

23 what they will specify. But in a 1979 overview of the

O proposed draf t rules, they specifically mentioned 24 orders24 >

25 as the standard used to achieve the accuracy they supposed
!

'

(-

|
.
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i 'WRBegb i .when using the rules.

2 O Do you know.whether -- Do you know what terms the
l

-f Y ABS standard -uses to define the number or category of orders' (_/ 3-.

4 for ABS purposes?

5- A~ I have read their rules but I do notfremember

6 them specifically, no.

7 MR. ELLIS: Judge Brenner, in the interest of

saving time -- I may come back to that but I have to Xerox8

9 something to make it easier for the parties.

10 JUDGE BRENNER: Did you want to add something,

.ll Professor Sarsten?

12 WITNESS SARSTEN: No, I did not.

13 BY MR. ELLIS:

O On page 10 of your testimony, your direct ~14 0.

15 testimony, Professor Sarsten, you indicated the rules of a-

16 society may change .with time as new design techniques,

17 materials and fabrication methods are developed.

18 Can you give me some examples of_ what you mean by

19 new design techniques?

20 A (Witness Sarsten) One thing that has come into
'

21 use sometimes, of course, is the finite element method which
1

22 has given a means of closer calculating the stresses in a

23 crankshaft.
.

-

Finite element analysis then has become generally' 24 0

25 accepted as providing an accurate analytical means of ~ stress

<

- - - - - - - - . - , . . . . , . . . _ , _ , _ __ ,, , _
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It' WRBsgb l- analysis, is that. correct?

2 A .There are finite element calculations and finite
~

3 element calculations. ..It depends upon the depth of the()
4- analysis.

5 In the case of crankshafts, it requires a very-

complex.model with very, very many node ~ points to achieve6

7 sufficient accuracy.

8 0 Well have you -- Are you f amiliar with a| book
4

9 . written by Dr. Johnston on finite element analysis?

10 A No, not Dr..Johnston's book, no. I usually use

11 Zienkiewicz.

12 0 Is that a European author?

13 A That's a European author. He's in the University
_

14 of Swonsea, Wales.

15 0 When I said Dr. Johnston, did you know that I

16 intended Dr. Paul. Johnston of Fa AA at Stamford?

17 Did you know who I meant? .

4

18 A No, there are two Johnstons.

1.9 JUDGE BRENNER: Ther.e is at least one other
2

20 Dr. Johnston but I guess he doesn't count.

; 21- .MR. ELLIS: The only one I had ever heard before

22 was Sam.Johnston and he wisely kept out of all this kind of
,

23 stuff.

O- JUDGE BRENNER: ;Yes, but I know you're fond of24
.

' 25 quoting him so I mentioned him.

|

|
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: 1 MRBagb- I BY MR. ELLIS:

2 0 ~I meant _ Dr. Paul Johnston, who is sitting to my*

-Q .3 right here.

4 Are you f amiliar.with his' book?

5 A (Witness Sarsten) No, I'm not familiar with his

6 book.

7 O Did-you familiarize yourself with.the finite

8 element analysis that Fa AA conducted in this case with

.9 respect to the crankshaft?
:

10 A I have read through 'it, yes.

11 0 Well have you made an analysis of it or an

12 evaluation of it?

13 A It was given only as an outline. I formed my

{{}
14 opinions, perhaps, if that's what you're lookeing for.

15 0 You have not stated your opinions in your

16 testimony, have you?

17 A No.

18 0- Professor Sarsten, would a new design technique

19 -- as you have used that term of page 10 of your testimony
,

20 - also include the ability to sum 24 orders rather than one

21 order or two orders or three orders?
i

22 A No, the rules.... No, that would not be what I

23 was thinking of.
(

24 0- Well is the ability to sum all orders and to'

i 25 write these programs nonetheless a new technique to use in
1

e
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h.WRBegb !! . connection with assessing the torsional stress of- a

2 ~ crankshaft?-

p). 3 -A I ' don't know. if you want to call it a new
g,

.

4- technique. It has been around quite a while. I was not

5 -referring to that when-I made~the statement.

6 0 Professor Sarsten, did you do any calculations on
.

7 the old 13 by .11 inch crankshafts?

8 A I did not.

On'pages 16 and 17 of'your testimony you state in9 0

10 the bottom answer there that you would prefer to assess the

11 adequacy of the crankshaft based upon the large amount of

12 data represented by the appropriate classification

13 societies' rule and their experience in the interpretation
- 14 of these rules.

15 What are your reasons for thinking that a

16 classification society -- societies' experience in the

17 interpretation of its own rules is important?

18 A Because they have a very, very large basis of

19 data base with failed crankshafts and a very large amount of

20 information. It is not easy -- in fact it is sometimes

21 .almost impossible for an engine manufacturer to read the

22 rules on his own. Some interpretation is usually required
~

23 from the classification society at hand.

O ----rne rules are different. some classification2 4 - -- =-

25 societies' rules are rather regular and straightforward.
|

|

|

_ _ _ - _ - -. .__.. - . . . .. . - _.. - .. - - .
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Some depend upon the interpretation by the classification
0 WRBagb i

2 society in order to be able to 'use them.
O If the classification society does not tell you3 0

the number of orders to be summed specifically in their~

~4

5 rules, that's a matter of interpretation, isn't it?
The classification society only -- for example,6 A

7~ Det Norske Veritas, ref erring to that, for the crankshaf ts

8 which are the matter of contention here.-
Why don't you talk about ABS, which.is one of the9 0

10 ones that's in issue here --
II A All right.

12 0 -- and not the other.
t

13 A I have not.had.... . Wait, that might not be true.

I may have way back reviewed some crankshaf ts. for14

15 ABS, but I did not remember using their rules and I cannot'
-- at least I have not used their present rules and I do not16

17 know how they would interpret the data submi.tted to them as

regards torsional .vibr.ation calculations, for example, or184

,

19 crankshafts.

20 Maybe we're on different wavelengths.

21 MR. GODGARD: Mr. Ellis asked a question which

f

dealt with classification societies in general and I believe22

R23 Dr. Sarsten was going to answer that question in light of
-O %

24 the rules of Det Norske Veritas, a Norwegian classification

25 society with whose rules he is very familiar and I would
|

|
|

1

.
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) HRBagb 1 like to hear him be allowed to provide that answer.

2 JUDGE BRENNER: All right. We'll a llow it.
,

(
\ >> Did you want to go back to the answer you had3

4 started with respect to Det Norske Veritas?

5 WITNESS SARSTEN: All right.

6 MR. ELLIS: May I hear as well his answer

that he gave with regard to ABS before it gets too far aff7

8 the record?

9 JUDGE BRENNER: You want the whole answer again?

10 MR. ELLIS: Yes, sir, that's the one I'm

11 interested in.

12 JUDGE BRENNER: Let me give you the gist of it

- 13 and then he can tell you if it's right or not, because he

repeated himself a lot of times while. thinking out loud and^'
14

15 I don't think we have to hear it all, unless you really

16 think it's crucial at this point. ,

17 MR. ELLIS: Well I'm certainly going to ask him

18 further questions about the ABS.

19 JUDGE BRENNER: He doesn't remember if he ever

evaluated a crankshaft for the ABS using their rules and, in20

any event, has no present recollection to offer as to how it21

22 would be done under ABS.

23 Am I right, Prof essor Sarsten?
~()

24 WITNESS SARSTEN: That's correct.

25 JUDGE BRENNER: He said some other things but

_ _



..

|

.23318
0070.10:09

1 ~.WRBdgb I that's the gist of it. If you want it all, I will allow-it

2 reread back. !

~x
IJ 3 MR. ELLIS: No, that's fine, Judge Brenner.

!

4 JUDGE BRENNER:- Okay. I did not want to prevent

5 you f rom getting something you thought you needed

6 MR. ELLIS: No, I'm going to pursue - tha t in a

7 minute,-if I may.

8 May I do that now?-

9 JUDGE BRENNER: No, let him back up to the answer

10 you interrupted, which is the cause of'all this problem now.

Il WITNESS SARSTEN: We were speaking, I think.

12 about classification societies' rules and I mentioned Det

13 .Norske Veritas. I have now either forgotten which tack I

14 was on when this interruption was made. Could I get the

15 question back which I was trying to answer?

16 MR. ELLIS: I will withdraw the question.

17 JUDGE BRENNER: No, because you have an objection

18 from the witness' counse'1. He wants the witness to be

19 allowed to give the answer and in that light you have-

20 . withdrawn it after acceptance, if you will.

i 21 MR. ELLIS: All right. He can also ask him on
!

22 redirect. But I don't remember -- I think I was keying o ff'

d,s
,

23 his general testimony on page 17 involving -- 16 and 17

24 involving the experience and interpretation of the rules by

25 the societies.

1

l

t
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2 WRBigb 1 JUDGE BRENNER: Why don't we go back to ]

2 Mr. Ellis' question? Can you.do that?'
.

l 3 (Whereupon, the Reporter read from the record as |
,

s l

1

4 requested.)

5 JUDGE BRENNER: Back on the record.

6 Do you recall what you started to say before you

7 were interrupted with respect to Det Norske Veritas?

8 WITNESS SARSTEN: Yes. I said with respect to

9 Det Norske Veritas the torsional vibration level for the
10 crankshaft is not specified as such, however it does enter

11 into the rules for the crankshaft together with the bending

12 stresses.

13 The classification society, if they found the stress
O 14 levels to be very high, would presumably check into the

15 amount, the number of orders used and may, if they were

16 below 24, request the' submission of a full 24 orders of

17 calculation.

18 Speaking about Det Norske Veritas, in this case I

19 have submitted a crankshaft to them and had their views on
.

20 this matter. And they find --

! 21 MR. ELLIS: Your Honor, I object to this. This

|
22 goes well beyond any question I asked. He is now giving an

23 opinion about what Det Norske Veritas may have opined and I
, () 24 think the Board has already ruled on that.

25 JUDGE BRENNER: That objection is sustained.

|

\

- -- - -- -- - - . _ _ _ _ _ . ___ _ _
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QL WRBcgb 1 BY MR. ELLIS:

2 0 Professor Sarsten, with respect to ABS, do you
(x
'k- - 3 know whether ABS --- or have you checked with ABS to

4 ascertain how many orders ABS would consider adequate for

.5 summation of the orders for the ABS allowable?

6 A- (Witness Sarsten) I have not checked with ABS on

7 this matter, no.

B 0 And do you know what the ABS allowable is?

9 A For summing the orders?

10 0 Yes.

I have the figure somewhere.' I think in this
11 A

. specific case the figure was four thousand six hundred and12
4

13 something. It is in the testimony.

14 0 I ref er you to page 15.

15 A Yes.

16 Yes, I'm sorry, it's 5035 psi.

17 0 And in those ABS rules, as I think I reca.11 yourI

18 testimony, you do not know whether those rules -- how those-

19 rules define how many orders are to be summed for that.

20. allowable, do you?

21 A No, I have not had the rules interpreted.

22 0 You have not had the rules interpreted and you

23 testified you don't know how many they accept for being
() - -

*

24 su mmed.
>

25 How then, Professor Sarsten, do you reach the

:

_ _. .- _ . _ _ ,. _-. . - _ _
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3 WRBegb I conclusion on page 177 -- Strike that.

2 Professor Sarsten, on pages 16 and 17 the

(J 3 statement about the appropriate classification societies'

rule and experience in the interpretation of these rules4

5 being important, does that in your opinion apply to AB3 as

6 well as to other classification societies?

7 A The ABS crankshaft rules which we're speaking

about here are more specific than the other classification8

9 societies' rules.

10 0 Are they specific as to the numbers of orders

11 to be summed for the torsional stress?

12 A That I do not know. I was speaking of crankshaft

13 dimensions.
O Well with respect to the summation of orders for14 0

15 ABS allowable, are the ABS rules and their experience in

16 the interpretation of these rules important in your view,

17 given your statement on pages 16 and 17 of your testimony?

18 A Yes.

19 MR. ELLIS: Judge Brenner, what time did you plan

20 to take a break? I wanted to Xerox a couple of things.

21 JUDGE BRENNER: S oon. I was thinking of around

22 3:30. We can break now if you're at a point where you want

23 to or you can ask some more questions for about to minutes
, ,_

,

f
- 24 and we can break then. I'll leave it up to you.

25 MR. ELLIS: I would rather break now and Xerox

!

_ _
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2 WRBagb 1 that and close that issue out.

2 JUDGE BRENNER: All_right. Fine. Let's break

3 now and come back at 3:40 using that clock.

4 (Recess.)

5 JUDGE BRENNER: Back on the record.

6 Mr. Ellis, do you.have a time. estimate as to

7 how much more you have?

8 MR. ELLIS: Yes, sir, I do. I think that'I will

9 have approximately three more hours. 4h) more than that.

10 That's an extravagant estimate. That's for both

11 Mr. Henriksen, .whom I had not counted on, and Dr. Sarsten.

12 JUDGE BRENNER: It's certainly a lot different

13 than the estimate this morning when I suggested I thought

14 all parties could complete their examination of the Staff's

15 witnessas on crankshafts and I heard no dissent.

16 MR. ELLIS: Well it's the old story of finding

17 more than -- but I will do my utmost to expedite it and I

18 may be incorrect but I would rather give you an estimate

19 that is too long rather than one that was too short.

20 JUDGE BRENNER: Right. You're not going to

21 exceed three more hours, that's what you're telling me.

22 MR. ELLIS: Yes, sir. I'm pretty clear that I

23 can finish in three hours.

| 24 JUDGE BRENNER: All right.

25 .MR. ELLIS: I say that without having -- I

- . . _ _ , . . . . _ _ _ __ _ _ . _ - - _ _ _ _ . ._ __._
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1 focused chiefly on Prof essor Sarsten, but I --1: .WRBegb

2 JUDGE BRENNER: I think it mcy-be inefficient to

r'N
1 3 have done that and I was going to ask you -- and this is as

good a time -- when are- you going to ooen up these questions4

5 to the entire panel?-

6 MR. ELLIS: In the not too distant future. It

7 may be inefficient but I think it is more effective.

8 JUDGE BRENNER: Okay. Maybe you're right. Why

9 don't you proceed?

10 BY MR. ELLIS:

11 0 Prof essor Sarsten, does it refresh your

12 recollection with regard to the ABS standard if I tell you

13 that the ABS standard refers to significant non-resonant

14 harmonics that are.to be summed. They use the word
,

15 "s igni fi c ant." Does that refresh your recollection?

16 A (Witness Sarsten) Yes.

17 0 All right.

18 With respect then to .the use of the term

19 "significant," would you say that the third order which

20 contributes less than I. percent, is that a significant

21 non-resonant harmonic or an insignificant one?-

22 .A In this specific case, the contribution would not

23 be significant. But without going through all the orders
-)

24 and all.the. contributions, I don't think anyone can a prioriv'

25 determine which orders are~ significant or not.

. -
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WRBagb I O All right. Let's assume that you go through and

2- you calculate all 24' orders.
g
kJ 3 What is the benchmark or at what level would you

say that the orders are significant and below which they are4

5 insignificant in terms of contribution?

6 A If I first have all the 24, I would add them in.

Why speculate on which is more important than the other?7

8 There's no point in that. You go through all the 24 orders

9 when you first have your program.

10 0 Nell accept the assumption, Professor Sarstens

11 You calculate 24 orders, you are now going to sum

12 them vectorially. And I want t'o know from you at what point

13 or at what level in terms of. percentage contribution does an
O 14 order become significant?

15 A If we have 24 orders and we are close or above

16 the limit, I would not exclude any order as being

17 insignificant. Because even a small contribution can bring.

18 the vector summation over the top. .We do not know how it

19 will phase in -- phase-in, phase-out, I was about to say --

20 and add or subtract from the total. We're playing games

21 here, really, and making an exercise which one would never

22 do in practice.

23 0 When you testified just now that one would never
O. do this in "ractice, you in fact do not know what was done24

25 in practice in connection with the American Diesel Engine

- . _ - _. - ._ _ _ _ - . - . _ _ . - - - -
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I TRBegb' :1- Manufacturers' Association, do you?

2- A If you are speaking of specific calculations
p
k- 3 submitted, I would have no way of knowing what 'the

4 individual ~ manuf acturers were doing. But I hope that the.

5 individual manuf acturer would not sit down and choose and
. wheedle and remove certain orders in order to get a desi, red6

7_ . result. The most efficient, as far as time and effort goes

and .also the most straightforward method would be to include8

9 all the orders once you have a computer program that is4

,

;

10 capable of doing this.

11 0 Well my question to you was that at what point
.

12 does an order, when summed vectorially, become insignificant
i

13 in terms of. its. contribution?
! 14 MR. GODDARD: Objection. I believe this has been

15 asked and answered repeatedly.

16 MR. ELLIS: I don't believe he's ever answered*

17 that question, Judge.*

'

'

18 JUDGE BRENNER: I'm going to give Mr. Ellisi

19 leeway on cross-examination. I won't know until the answer

20 if it has been answered repeatedly. It certainly has been

21 asked a number of diff erent ways and there has been some

22 confusion in language between the questions and the answers .,

23 and that's another reason to give Mr. Ellis leeway on

' 24 cross. So the objection is overruled for those reaons.

25 WITNESS SARSTEN: I would not like to consider
;

I

L

. . . . _ - . - . - . - - - . . - . . . . - - . . - - - . . . . _ . - .
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) WRBagb I any order insignificant. If we are -- well strike that.

2 In general I would not like to consider any order
_q

insignificant because we do not a priori know if it will add
. \- 3

.or subtract to a perhaps already large number 'and we do not4

5 know a priori perhaps if the sum of these orders wi11 lie

exactly on or just below or just above the limiting value.6

7 That's about all I can say, I'm so rry.

8 BY MR. ELLIS:

9 0 Well Prof essor Sarsten, .I don't think you. Let

10 me try again.

11 I think you've testified that you agree that the

12 fourth or. der.does not make a significant contribution.

13 A (Witness Sarsten) Third order..()
14 0 Third order. I'm sorry.

15 .Now you've also testified that the third order
,

| 16 contributes less than I percent.

J7 Now what I'm asking you is at what percentage'

18 contribution level does an order cease to make a significant

19 -- an insignificant contribution and begin to make a

20 significant one?

21 A Personally I would not like to weed out any

22 orders. And again it depends upon where the sum, the vector

23 sum lies. A very small value can be the straw that breaks
O 24 the camel's back, so to speak, when you're at the limit.

25 0 So is it your testimony then that no matter how

_ _ _ .- _ __ . _ _ ___ __ . . _ _ __ _
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1 WRBagb 1 small the contribution of any order, you would require that

2 it be summed?
_

'' 3 A No. If you do that you would go beyond the 24 toi >

4 infinity of orders. We have to set a limit to the number of

5 orders somewhere. Below 24 I would add them all, no ma tter

6 how large or how small they would be.

7 0 But you have already testified that less than i

8 percent contribution is not significant.

9 What . percentage contribution is significant?

10 A Less than i percent. Are we speaking of 70,000

11 psi? There may be some misunderstanding here.

12 That would be 70 psi. That could make or break

13 the sum of orders if you are close to the limit.

14 0 Where did you get the figure 70,0007

15 A 7, 000, I'm sorry, psi.

16 0 All right.

17 Now didn't you tell me earlier that the third

18 order contribution is less -- substantially less than i

19 percent?

20 A To the..f ront end amplitude, yes.

-

21 O All right.

22 So when you get ready to sum its contribution to

23 determine 7,000, you're going to get a very small number,
3

V
24 isn't that right?

25 A The number will be small, but I would not
|

|

_ - - _ _ _ _ _ -
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WRBagb i' neglect it.

2 O Well would you neglect the contribution of I psi

3 to the 7,000 allowable?

4 .A All right. ,That does not amount to much. But'

5 I'm speaking of more than 10 psi. It really contributes to

6 the-answer.

7 0 Well. going up from -1 psi, at what point would you

8 say it becomes significant?

9 A Remember we are summing a large number of orders

10 and aven though the -individual contribution may be small,

11 the sum of a number of small contributions, when in phase,
,

12 can add up to a figure which is not negligible. So it is

13 difficult to giv2 a fixed value. It must be less than I
.O

14 percent at least.

15 0 Is that only when you are at a point that is

16 close to the allowable?4

17 A The same rule should apply no matter what, no

18 matter where we are. We don't know beforehand where we will
;

19 wind up.

20 0 Professor Sarsten, let me -- I think I asked you

21 earlier and you testified that you do not know whether ABS

22 summed any order of its own and, if so, how many orders.

23 Based on your testimony concerning classification
=O 24 societies, you will agree with me, won't you, that the

25 number of orders that ABS summed, if they summed orders,

,

e r e,, , -,n--v - rn,- ,--r-- -- - , - - -r-v n-e---e r---w-. - +--- -- - , - , . ..n-w-s-, ,,e - -- - - ~
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1 WRBagb I would be significant 'in terms of the interpretation and

2 application of. the ABS standard?

( ') ~ 3 'A According to-the ABS standards they can approve
.

.the crankshaft'also on other premises-than the torsional4

5 vibration levels.

6 0 Yes, but that wasn't my question, Professor

7 Sarston. Do you want me to repeat it or have it repeated

8 again?

9 A Yes, please do.

10 .MR. ELLIS: Repeat the question, please.

11 (Whereupon, the Reporter read _from the record

12 as requested.)

13 WITNESS SARSTENs There are many if's and but's
- .

It's a little perhaps hard to answer14 in that long question.

15 it.

16 Could you rephrase it and break it down into

17 simpler parts which I can retain in my somewhat porous

18 memory?

19 MR. ELLIS: Sure, Profe ssor Sarsten, I would be

20 glad to.

21 BY.MR. ELLIS: |

22 Q Professor Sarsten, on pages 16 and 17 you said

23 you already testified that ABS 8...was among the societies

24 that you had in mind when you gave that testimony and

25 there you said that you pref er to assess the adequacy of

;

.
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*/ 1RBagb I the. crankshaft based upon the large amount of. data
,

. . 2 represented by the appropriate classification
O. societies' rules and'their experience in the
- 3

4 interpretation of these rules."

5 ABS' experience in the interpretation of its
~

6 rules is.important,'isn't it?

7 A Yes. But I was not ref erring to the ABS -

specifically here because the ABS has not perhaps the widest8

experience in diesel engine crankshafts that some of the.9

10 other major classification -societies have. Their rules are

11 not very -- their rules do not take into consideration the

12 torsional vibratory stresses when dimensioning the

13 crankshafts, for example.

14 -Q Is it your testimony that the American Bureau of

15 Shipping is not -content. to issue standards relating to

16 torsional stresses for crankshafts for medium-speed diesels-

17 such as the one at Shoreham?

18 A No. I only said that the torsional vibratory

19 stresses do not enter specifically into their scantling

20 rules or dimensioning rules for'the crankshaft.

I 21 Q But they do take into account the dimensions in
i

j 22 approving a .crankshaf t, don't they?

23 I'm so rry. They'do take into account the-

24 . torsional vibratory stresses in deciding whether to approve

25 a crankshaft or not?

t

. _ _ . . _ . . _ _ _ . . __ _ . _ . _ . _ _ . _ . _ . . _ _ _ -._. .-
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1 WRB gb l- A Deciding whether to approve it, yes, but not as

'2 far as.the approving the dimensions _of the crankshaft goes..

. the horsepower rating enters but not the vibratory torsional.() '3

4 . stresses.

5 0 Prof essor- Sarston, look if you would, please, at

6 Exhibit --- County Exhibit 43.

i 7 MR. ELLIS: Judge Brenner, this is the -one I

thought I would have to_ Xerox but the tendency of all-to put8

9 in all seems to have taken care of that.
10 BY MR. ELLIS:

,

11 0 Do you have that in front of you?
4

12 A (Witness Sarsten) No, I do not.
;

13 0 Maybe your Counsel can furnish you with it.
.

14 (Document handed to witness panel.)
i

15 JUDGE BRENNER: I guess I only heard half of your
1

16 last comment about the tendency... Were you criticizing the'

17 County for including something you want to use?~

18 MR. ELLIS: No, I said all the parties.'

19 JUDGE BRENNER: I have already given you my

somewhat veiled and perhaps uncharacteristically subtle20;

opinion that the parties have not met their responsibilities21

I 22 in screening which portions of these exhibits are
;

23 appropriate for evidence and in the discussion we had last'

()
|

24 week with the Staff's Exhibits 7 and 8 on a minor scale
'

.

25 reinforced.that point and I still heard nothing further from
!

i

?

!

_- - _____.__. _ - . - . - . - - _ , - . - - - - _ . - , , . , , . . . - _ , _ , - . , . . - . , . _ - . . _ _ ..
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I .WRBcgb l the partiesLin that regard.

2 MR. ELLIS: I understand, Judge Brenner.

3 BY MR. ELLISs

4 0 Exhibit 43 is the deposition of three witnesses

5 from the American Bureau of Shipping. This 'is a transcript

6 I think|you testified you had reviewed, is that right,

7 Professor Sarsten? .

B A (Witness Sarsten)- That's co rrect.

9 0 You see attached are the exhibits to that

10 deposition transcript. Do you see that, Professor Sarsten?

111 A Yes.

12 0 Okay. And you see the calculations that are

13 attached to that?
; 14 A The_ computer printouts here?

15 0 No, the calculations that are attached to it,

16 handwritten calculations.

17 A Yes.

18 0 Okay.

19 Do you recall the reference to those when you

20 reviewed the transcript as being the calculations of ABS?
,

'

| 21 A I have seen the transcript. I have not seen

22 these calculations.

23 JUDGE BRENNER: At least one page is almost

()
| 24 totally illegible, obliterated is more to the point. That

25 is, it's blank in my-copy.

|

|

|

. - - _ . . . . - - _ - . . - . - . . - . . . . - . . . _ . . - - -- . -.
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MRBagb i - MR. ELLIS: Yes, I have the same problem.

2 If you will find that page, that's a good
fT
V 3 benchmark. since they are not numbereds it's the one just.

.4 prior to that. I think in fact what that is, Judge Brenner,

5 is it is not a blank page but I -think it is merely the

6 remainder - if. you look at the right-hand side and ~ I'm

speaking not for one of my own exhibits but only for - in7

. the hope that I might clarify, I think that second pa'ge is8

nothing more than .the remainder of what was cut off from the.9

10 page right before it.

Il Do you see what I mean?

I2

13

O J4

15
.

16

17
'

. en

18

19

20

21

22

23

O. ~ -- - - -

24'

25
,

, , , - , ..y, ,-,------m. .~. . . . -- ....--.--yv ,,,,,.,,,,,-,.,---,---.,--,.,,y,_,-, ---.,,,------.-mr-,.-.,._m-..,---v. - + . . * . - ,_.-.. .,
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;WRBpp. 1. :MR. SCHEIDT This is the way: Lt;was provided to y
'

2 the parties by the ABS when it was copieo'.at.the time of the i

n
And the second page to whibh Mr. Ellis isU: 3 -deposition. s

e,

4 reforr,ing is-the runoff or the extra section of the

'S .righthandNarginofthepagethatprecedesit.

n 6 >' ' JUDGE BRENNER: Particularly since we are dealing
;n

* '
s

7 with numbers, I'm rrot going to speculate .on whether there

8 are any _ digits missing in between - the two pages.
1 tij

.

#') MR. ELLIS -.Well, )let me?just esk's..short9
<'

< _,
,

10,'I ques lon and may end this. 4 3y
e

11 c# BY MR/ ELLIS: [I,

a( ~

12; Q Profeasor Sarsten, can you tell how many orders
, . , .

- .

13 summed from looking at the page that I referred you to, ,

u 'sO j j

{ jl4 which i.s the page immediately prior to the"one~thaf/'is,; -sr
##

'IS' ?argely blank? ,

-

''/ .

16 A' \(Witness Sarsten) I have not seen this before,so

17 it's a.little difficult. My testimony ends on page 173. .I
,,

p) ~
'

' 18 have not seen this before. j.

19 0 I understand you have.$t seen -- rx 3av9 se

.

20 the transcript before? e'
<

,

'

21 The main transcript, not the attachments. ,
.

, .
,

' ' ~ '

122 0 Right. e
/ ,

(- [ J

Now, can you tell, from looking at that
O

J 23
>

< ,

24 calculation how many orders',were summed?"
j .' '
i ikwouldhave.togothroughitindetail,the| !=

25 A. ,,!
3 4

#
3 '') ;

Y ,

,1>
_

'
-tl.

.. .
,

' /
'

.
, .l .

y
I

'

4 's j' },
'

,

j )-
,

e - -
.

-_ x, , - . _,.L..
_. . _ . . . . _ . . _ . . . _ _ _ .ti
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.WRBpp i specific page you're referring to here?'-

2 0 That's righ t -- .we ll --

Look at the handwritten calculations. Do you seep)i 3s i

4 those?

-5 A Yes.

6 Q Okay. Let me direct you to the fifth page, do

7 you see those?

8 A What's at the top of the page, just as'a check?

9 Q Critical speed for five and a half' order.

10 A Co rrect. I have that page here.

.31 0 Can you determine, from that page, how many

12 orders were summed?

13 A I would.not like to do so without going through

O' all the calculations and finding what's going on.14

15 .O I beg your pardon?

16 A I would not like to guess here without going
.

17 through all the pre-calculations and seeing what's going

18 on. But being-a handwritten calculation, I would be

19 surprised if it were more than one order. That's all I can

20 say.

21 0 Can't you tell where you see the square root of

22 25/37ths squared plus the square root of 35 39/58ths
,

23 squared?

24 A It looks like two figures are being summed.

25 That's all I can say. What they are, I don't know here.

-.- . .-- -- - - _ . ,_. . _ _ _
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NRBpp. 1- JUDGE BRENNER: Presumably, by the square _ root,
'

'2. the sum of the squares method?

A. /- 3 BY MR. ELL.ISs.
-

4 Q Prof essor Sarsten, on page _17 of your testimony,
.

- 5' - you. conclude that, in your opinion, the 13 x 12-inch

6 crankshaf ts do not meet the ABS requirements regarding

7 torsional vibration stresses. In light of your testimony.

.that you do not know how many orders ABS. sums, or accepts as-'8

being adequate or summing, and in light o'f. the fact that~

9

you. have not . contacted. ABS concerning the interpretation of10

Il their rules or. reviewed their calculations, is it unfair to

12 say that you don't have a . basis for reaching a firm

13 conclusion that the ABS requirements are not met?
O:

14 A (Witness Sarsten) The figure set-forth here of a
_,

.15 little over 5,000 psi is way below 'the calculated figure.'

16 O What figure are . you ref erring to?

17 A If we are now speaking of the sum of the orders.

18 0 I thought you couldn't 'tell what that figure was?
!

19 A I, again, was speaking on different --

20 0 Oh, I see. You're talking about the 5,035 on

| 21 pages 15 of your testimony?

22 A That is correct.

23 .O And you arrived at that by summing 24 orders, is
.O 24 that correct?

r

25 A No. I arrived at that from the calculations
|~
i

..

. _ - -- .. - . _ - - . - . - -- - ... - _ - . . . - .. - - - . - --
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F .WRBpp I submitted to: ABS. That-is not a-calculation of mine. That~

-2 is the ABS limit, and the TDI calculations' submitted to V

-3 ' ABS. If we're speaking of the same thing, now.( )_
4 'O Did you compare the 7,096 to 5,035?

5 A 'I'11 have to get the figures correct. There's
.

6 5,000-something, yes, I'm so rry. 5.035, you say. That

7 sounds, a little over 5,000, that sounds correct.

8 JUDGE BRENNER: Look at page 15 of your

9 testimony, Professor Sarsten.

10 WITNESS SARSTEN: Yes..

11 JUDGE BRENNER: We' don't need to think out loud.

12 WITNESS S ARSTENs Here we are, 5,035. That is

13 TDI's figure for allowable vibratory stresses.

() 14 JUDGE BRENNER: Okay, now, ask your question.

15 WITNESS SARSTEN: -- as they interpret the ABS

16 rules.

17 JUDGE BRENNER: Now, ask your question again.,

18 Mr. Ellis.

19 BY MR. ELLIS:

20 0 Didn't you just take the sum of 24 orders as

21 7,096 and compare it to the 5,035 psi ABS figure?

22 A (Witness Sarsten) I did. That would be

23 standard practice, in such cases.

) 24 0 You don't think it is at all significant what ABS

25 itself did in this . case, in light of your testimony that the.

r

!

-,- ,. . . ..- , .-.- - - . - ...,._-.-.- -,- - ...,- - .- - .--- . - - . , . . . .--
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|WRBpp -l ' ABS's interpretation'of its:own rules.is important?

,

_
2 LA The ABS's interpretation.of its'own rules is, of

f. course,' mportant. . And, of course. - they're the 'oni ones
.- T.3 i .)

|'.who can move. upon this if the crankshaf t meets. the rules .4'
-\

5 or.not. I can'only .say -that the stress I have calculated is

6 above 1that which the -rules allow using 24- orders. It's

7 clear that ABS can accept any stresselevel they want to, do

8 it in any fashion they wish to. They can approve the

crankshaf t on any other basis .than torsional vibration if9

10 they so wish. I've only stated the . calculated stresses, and

11 the allowable stress levels.

12 Q And your testimony, then, is. based on the use of .

13 24 orders which, you say, is standard practice in Europe
. .o~ these days to some orders to torsional stress?
< _

14

15 A That is true. I'm here also that ABS is one of
.

the classification societies sponsoring the so-called CIMAC16

17 rules. The matter of 24 orders is not under contention as

18- f ar as, you understand, an accepted practice for all these

:' E9 classification societies.

20 0 Do you know why ABS did not use 24 orders in the
~

21 promulgation of its standard that sets 5,035 as the

22 allowable?

23 A Did not use 24 orders in the -- could you --

24 O Why didn't ABS specify 24 orders.when it.

25 established its allowable for summation at 5,035 psi.

.i

., , ,.,..8- . - - , . . - - . - . . - - , ~ , , . . , . - . . , - . . . - - . - - . . + . c. --. .... -, - - - - . , - . . - + . - ,-
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4

'.WRBpp . .i ' NMRi? SCHE'IDTr Lub..}ection. There's no foundation-'-

22 r :thatF ABS did, inOfact, do ss Mr. Ellis states.g

s.3 : JUDGE 'BRENNER : .The objection.is sustained. I t-'

" '

~4 anticipates a question In wanted to interrupt and 'ask.'
'

' 5' Because, Professor-Sarsten, and I'm'goingsto ask the'

6~ . question now In passing, you-refer to the 5,035' psi

.'7 . figure as the ABS allowed figure. . Did I hear you correctly?-

8 WITNESS SARSTEN: That's correct. That's taking

9 from the TDI calculation submitted to ABS.

10 JUDGE BRENNER: You don't know what . ABS's a llowed

.1 1 . figure is according-to ABS, do you?

J2 WITNESS SARSTEN No, they.would have to move

13 upon that. They would have to judge that for thedselves, of

14 course.

15 JUDGE BRENNER: In other words, ABS,~if I'm

16 understanding your testimony in the first answer on page 15

17 correctly,' doesn't have a precise figure. Rather, they have

18 .a means -- we.ll, let me ask.yous

How does one arrive at the allowable figure for19

20 total vibratory stresses under the ABS?

21 WITNESS SARSTEN: It's in the ABS rules and this

'22 ' figure .was increased to take the added ultimate tensile
i

i

23- strength of the crankshaft into consideration. And that was

()I
24 . submitted by TDI to ABS.

25- JUDGE BRENNER: Well, what's in the ABS rules?
1

,

o
!

L
t- .

.

.
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WRBpp. 1 The-figure?

2- WITNESS SARSTEN: The ABS rules has a certain

() 3 figurs for a certain-grade of steel.- If you have'a higher,,

grade of steel you're allowed to escalate that limiting4

5 value according to the steel grade.

6 JUDGE BRENNER:- Well then, why do you need a TDI

7 calculation of the values that would be allowed by ABS if

8 it's as simple as going to the ABS rules with some

adjustments in getting the allowable figure from the rules?9

10 WITNESS SARSTEN: Because it had 'been done

11 there.

12 JUDGE BRENNER: I'm sorry. What had been done

13 where?

() 14 WITNESS SARSTEN: I'm so rry. Because these

15 calculations had already been performed by TDI.

16 It is our purpose, I have understood, to review

17 the calculation, not to repeat and re-do all calculations on
I've only performed calculations in cases where18 our own.-

19 the accuracy, perhaps, of stress or where the figures were

20 very critical. I've not repeated all calculations in all

21 things I have reviewd.

22 JUDGE BRENNER: Well, that doesn't clarify very

23 much for me.- But I'm going to bow out and allow you to have

() 24 your up to three hours to the extent that I can and if

25 somebody does some clearing up before it gets back to me,

!

i

|
(

_ , - . - - - _ . - - . , . - - - . . , . - . . . - . - -
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$'MRBpp i l'11 try again.
'

2 Go ahead.
f''%

. .

A_J 3 MR. ELLIS: Judge, I think I'm doing my best. I

hope I'm moving it along as quickly a I can.
~

4
'

.5- JUDGE BRENNER: I was criticizing myself for

6 interrupting you and not you.

7 Go ahead.

8 BY.MR. ELLIS -

9 0 Professor Sarsten, turn to Exhibit 2, to your

10 direct testmony, if you would, please?

11 A (Witness Sarsten) I have it.

.12 0 This exhibit. shows stresses at 450 rpm and then

13 at higher and lower rpm's as well, for a number of orders,

14 is that correct?

15 A That is correct. But it refers to a number of

16 different shafts. Shaf t 6 is the most critical shaf t.

17 0 Thank you.

18 The point in the middle at 450 rpm is the point

19 at the continuous speed of the engine isn't it?

20 A That's correct.

21 0 And tnates the point that appears on 7,096, is

22 that correct?

23 A That was plotted at the -- let me see -- that is
O plotted at the calculated value of almost 7,100 -- 7,096,24

25 yes, I think that was the . figure.

. . _ - . .. - ..-. . . - - - . _ . , - . . - _ .-
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.l

Dr .WRBpp -l 0 .All right.
.

.

2. ~ Then .you calculated otherL stresses at over speed'
--s,

-3 and.under speed' conditions. Are,those steadystate or.

v4 transient. conditions?.

5 A Those are steady state conditions.

6- 0 What do you mean-by steady ~ state conditions?

7 A I mean a steady. state condition is such'that when

8 you start the calculation 'at,- for example, top dead center
'

9 of crankshaf t one, everyone of the masses af ter;.7720 degrees-~

10 of rotation wil1 ~ have the identical amplitude and identical

!! velocity.

12 May I add identical to the initial value that was

13 implied. The values will be identical to the start values.
O- When you start the calculations that is termed as a steady14

15 state solution.

16 0 Do you know what the governor response of the

17 Shoreham engines is for underspeed and overspeed conditions?

18 A It has been stated at roughly 2 to 3 percent. I

19 believe. Somewhere in the transcript.

20 0 Okay.

21 Let me ref er you to Exhibit C-17, page 2-5. .

22 A I will need some help here. |

\

23 We have it. ;

O. 24 0 All right.
.

| 25 You will see referred there, that the largest

l

..

- - - - - - . - . . . . _ . . . _ . . . - . , . . - - . - . . . , - . . . . . - , , - . . _ - , - , . . , . - . . . - , , . . . .--. . --- .--.. -
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l- WRBpp_ l . variations in speed were minus 3 percent, 2 plus 2 percent,

.2: do you see that?'

m
(_) 3 A I see that.

4 0 And that-the-timeLlag associated with the unit's

5 ability to return the 450 rpm was likewise found to be less

6 than 3 seconds?

7 A I see that.

8 0 Oiven thst, wouldn't you agree that it is not

9 unraalistic to accept that there will be under. speeds and

10 over speeds stresses of any significance actually

11 experienced by the engine?

12 A I would.not because those are requested by the

13 DEMA standard practices which are invoked in this case. But

r
k- 14 the range covered by the governor is not addressed here. 'Or

15 it/s only addressed in the DEMA standards.

16 0 So you're saying that a rigid application of the

17 DEMA standard required you to make those calculations?

18 A Rigid or not. That's not the question. The

19 application of them, I would delete the word, rigid.

20 0 Just the application?

21 A Yes.
4

22 0 Then stated 105 percent and 95 percent?

23 A It's stated plus or minus 5 percent, which is the

( )-'

|
- 24 same as 95 to 105.

|

! 25 0 There is no ambiguity there as there was with

|
:

|
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9'-MRBpp .l~ respect to the summation of major orders, is that right?

2 MR. GODDARD: I object to the form of the

.r~S
V _ J _- question.

4 MR. SCHEIDT: I object.

5 JUDGE BRENNER: I'm going to allow it if he's

6 asking it as a serious question. A cross examiner is

7' entitled to probe. I think it arguably redundant, but let's

8 s ee .what happens.

9 WITNESS SARSTEN: Again, there were two

.10 simultaneous objections which drowned out the question.

.l! Could you repeat it?

12 .MR . E LLIS : Yes. I'll repeat it, Professer

13 Sarsten.

14 BY MR. ELLIS:'

15 0 I would say there was no ambiguity with respect

16 to the under speed and over speed situations contrary to the

17 ambiguity that exis.ts on the summation of major orders,

18 isn't that right?

19 MR. SCHEIDT: Objection.

20 JUDGE BRENNER: I overrule the same ob.lection.

21 You can't object twice on two different times to the same

22 question. It's overruled.

23 WITNESS SARSTEN: I personally do not consider

O 24 there is much ambiguity in the other case, either. But here

25 it is not even a matter for discussion.
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1. ' WR Bpp. 1 - BY .MR. ELLIS:

2 0 In the other case, it's a ma.tter for some
)
)

:( ) 3' discussion.

.. Witness Sarsten) Well, you can -- I've heard(4 A-

5 Professor Chen has= had other views on this matter in his

6 testimony.

7 0 Are you also saying that you realistically, as an

engineer, expect that with the response times given for this8

engine as they are, .that the underspeed and overspeed9

10 conditions reflec.t something realistic that the engine will

11 experience?

12 'A It is not for me to decide. I only have to look

13 in the DEMA regulations. Secondly, I must remind you that.

14 under recent applications, one of the Shoreham engines

15 indeed did exceed these limits for a considerable period of

16 time under load.

17 JUDGE BRENNER: Is that the so-called excursion

18 of the 103 engine.-Professor Sarsten, that you have in mind?

19 WITNESS SARSTEN: Exactly.

20 JUDGE BRENNER: Do you know how f ar over 100

21 percent that engine operated at?

22 WITNESS SARSTEN: I heard that it went below 390

23 rpm. And enormous excursion in terms of rpm.

( JUDGE BRENNERs Do you know, though?24

25 WITNESS SARSTENs Beg pardon?

. _ . . _ _ ~ . _ . _ , _ _ . . . . . - , . - _ __. -. - _.. _ _. -.____.--,. _._. _ - _ _._. . _ _ - . . _ - . -
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WRBppL I JUDOE BRENNER: I did not measure one myself. I

2 read some testimony to that effect. I'm sure we will hear
p
A_). 3 more about that in at least one other context.

4 MR. ELLIS - Judge Brenner, I would move to strike

5 that, since he doesn't have any basis for that testimony as !

6 to how low it went, 300 and whatever it was rpm.J

7 JUDGE BRENNER: I'll tell you what. . I won't' rely

8 on his figure for it and you remind me to ask somebody that

you think knows on behalf of LILCO at the appropriate point.9

10 .MR. ELLIS - Yes, sir. I think we can do that.

11 That panel has already testified, I believe. But --

12 JUDGE BRENNER: We ll, scmebody who knows a bit

13 about blocks might know about it.

34 .MR. ELLIS: They do. Mr. Youngling will know,

15 Judge Brenner.

16 JUDGE BRENNER: That's one of the major reasons

17 ascribed for why there are prob 1 ms with the 103 cylinder
~

18 block, is that correct?

19 MR. ELLIS: That's right. I'm just telling you

20 who would know, Youngling.

21 BY MR. ELLIS:

22 0 Dr. Sarsten, another question about ABS. I take

23 is .it fair to say since you have not reviewed the ABS
,

( calculations, and don't know how many orders they use in24

25 summing, that you have no opinion regarding the adequacy or
i ,

i >

t

.-. - . _ - - - . - - _ _ ..
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i W9Bpp i the accuracy of the ABS calculation and evaluation of the

2 . Shoreham crankshaf ts?

v 3 A (Witness Sarsten) Are you referring to the

4 attachment to the testimony, the handwritten calculations?

5 0 Yes.

6 A I have no opinion, of course, not having seen

7 them before or reviewed them.

8

9 .

10

.Il

12

13

O 14

15

16

17

,

18

19
.

20

21

22
i

.
23

! O 24

25
4

1

i
i

.n
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I WRB:b I O Dr. Sarsten, is DEMA applicable to a specific |
|

2 design and manuf acturer of crankshaf ts or to a range of

'~ 3 crankshafts?

4 A DEMA is an engine manufacturer organization. I

5 would like to believe that it is applicable to a range of

6 low- and medium-speed stationary diesels engines, the range

7 we refer to.

8 MR. ELLIS: Judge Brenner, I am on page 5, Roman

9 III-A and 9, in that area.

10 BY RR. ELLIS:

11 0 Prof e ssor Sarsten, so the 5,000 psi for a single

12 order and the 7,300 psi for a summation of the major orders

13 are general figures meant to apply to a range of
f ')
,

\'' 14 crankshafts. Isn't that_right?

15 A (Witness Sarsten) If by " range" you mean a

16 certain number of makes and rotational speeds, yes.

17 0 And also different materials, different

18 geometries for fillets?

1.9 A .None of this is mentioned in the DEMA standards,

20 so I would assume that it is applicable to also these
,

21 different crankshaft configurations.

22 0 Do you know how DEMA defines the range of

23 crankshafts to which it is applicable?
(,
\- 24 A They name low- and medium-speed engines for

25 stationary purposes. They also have another recommendation
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3 LWRB:b i for. marine applications which covers a larger speed. range.

2 0 .Nell, do they make any assumptions or. statements
\[')- about the kinds of materials that crankshafts should be made'' 3-

'4 of to fall within the application of.the.DEMA standard of

5 5,000 and 7,000 psi?

6 A. Yes, they mention on page 53 shafting information

7- such as physical characteristics and materials lengths,

8 diameters, et cetera, and they have a number of other data.

9 0 This is page 53 of the handout that I gave you -

10 earlier today?

II A Co rrect.

12 JUDGE BRENNER: 0-14.

13 MR. ELLIS: C-14.

O
14 BY MR. ELLIS:

15 O My question though was does DEMA say anything

16 about the kind of materials, the kind of steel that the

17 crankshaft should be made of in order to fall within the

18 scope of the DEMA standard?
-

19 A (Witness Sarsten) I would have to read it again

20 .arxi check that. I cannot remember any specific reference to

21 steel.
.

22 0 Would it refresh your recollection if I tell you

23 that DEMA refers to " conventional materials"?
,()
i 24 A All right.

25 O Well, "all right." If it does refresh your*

,

|

L

. ._. - . -- - - . - _ . .
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B?|WRB:b I recollection you can tell me it does. And if it doesn't--

2 A It does, yes.
1cs., '

(_/ .3- 0 Okay. .I see.

What does " conventional materials" mean?4

5 A Well, that is a rather broad phrase. It can mean-

6 really a lot of things. It is not very specific.

7. Q. Well, do you know what assumptions, if any,

8 Professor Sarsten, are made by DEMA with respect to ultimate

9 tensile strength or forging process, surface finish,

10 clearance limits, or matters of that sort?

11 A No. They may have a reference to conventional

12 manufacturing procedures. I do not know.

13 O Do you know .what material the original

14 crankshafts at Shoreham were made of?

15 A Yes. I think it had-- At least one of the

16 shaf ts had a UTS of 93.000, and it varied somewhat.

17 I have also seen a test figure of 88,000 for

18 another of the shafts.

19 JUDOE BRENNER: I didn't get the first figure. I

20 don't know if the Reporter did.

21 WITNESS SARSTEN: 93.000 psi.

22 JUDGE BRENNER: Ultimate tensile strength?

23 WITNESS SARSTEN: Co rrec t .

24 BY MR. ELLIS:

25 0 Do you know what the figures are for the new

_ _ _. _ _ . . _ _ . _ ._ _ _ _ _ _ ___ __ _. ,, _
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1 MRB:b i 13 by 12 inch crankshafts?

2 A (Witness Sarsten) They are somewhat higher,

(n_)~ 3 roughly 100,000 psi. I remember.a figure of one hundred

4 thousand, seven hundred, and I think it was seventy-seven

5 psi for_the lowest of these.

6 0 Do you~know what range DEMA assumes as being

7 pertinent for their 5000 and 7000 allowable limits for

8 torsional stresses?

9 A DEMA does not refer to any steel specification,

10 as f ar as I'm aware, except that the material be as stated

il earlier.

12 O It would be relevant, though, wouldn't it,

13 Prof e ssor Sarsten--

14 Did I interrupt you? I'm sorry.

15 A Not you'.re correct. Go ahead.
.

16 0 It would be relevant, though, wouldn't it,

17 Professor Sarsten, to an assessment of whether a crankshaft
.

18 .was adequate?

1.9 A The material specifications of course would be

20 relevant to an assessment of the adequacy of the crankshaf t

21 if it were done.under a classification society rule. But,

22 however, the DEMA rules do not take the material into

.
23 consideration whatsoever anyway.

24 0 Except insofar as, I think, you have conceded

25 that I refreshed your recollection that it calls for

. __
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l' WRB:b -I conventional materials.'

2 A Right.

3 Q But in terms of. assessing whether the crankshaf tI )-
~

is adequate or not, you would agree with me that if the4

5 tensile strength were very high, then it the summation of

the orders were close to the allowable, that would be less6-

significant than if the tensile strength were substantially7

8 lower?

As there is nothing in the DEMA rules about this,9 A

10 .we cannot speculate on what we would like to do. The rules
;

11 are straightforward. As far as I am concerned, thare is a

,2 limit of 7,000 psi for the summation off the orders,! 1

13 irrespective of the material employed.'

14 Q Well, let me just give you a hypothetical.

If the steel used in the crankshaft-in issue had~I

15

16 an ultimate tensile strength of -- instead of 100 or 102

17 ksi, if it had 100,000 ksi, would you be concerned that the

18 summation of the orders then was 70967
| It is not my prerogative to be concerned or not.19 A

20 It is to judge if the vibratory torsional stresses are above'

21 or below this limit.

22 .I concede, if we were looking at the adequacy of
i

23 the crankshaft in another context, that would be something

24 we could discuss, but not here. ,
'

25 0 What do you mean by the " adequacy of the

-
.

,- _f ,. -__ - _ - - - - - , - - , - - . . , , , , , _ . - , _ - , , - _ - , . , , . - . , , , , . . . - . g-v,,.-,v.-., ,..-,,,.,.,~v-+,_ - _ . , . - . . .
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2 WRB:b 1 crankshaft in another context"?

2 A If we were looking at the adequacy of a |
I

''

(_) 3 crankshaft with very high tensile strength, it would of/N

4 course influence the results we came to if we reviewed that

5 crankshaf t under Lloyd's rules or Veritas rules or

6 whatever. But here we are looking.at just a limit on the

7 torsional vibratory stresses in which the material does not

8 enter into the picture, the way the rules are formulated

9 today.

10 0 But the rules assume some range of materials,

11 don't they?

12 A The rules only assume that the materials must be

13 as good or better than the conventional.
' ' ' 14 0 The quality of materials you say has improved,

15 Professor Sarsten, since the late '50s to today for use in

16 crankshaf ts. ,

17 A The quality of materials has, in the cases where

18 I have been more intimately concerned, improved over the

This is due to the intense competition, the rise in19 years.

20 break mean effective pressures, and maximum firing

21 pressures, and the wish to remain competitive without

22 building enormous engines and crankshafts which would be too

23 costly. Yes.
,

' ' ' 24 0 You said that the materials for DEMA had to be --

25 I think you said conventional or better. Can you show me
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cnywhere in DEMA where it says conventional or better?
3 MRB:;b I

2 A No. You asked me perhaps to interpret the

( - 3 rules. We can get the reading exactly from the DE'4A

4 standards if we can find the page.

5 0 In the interests of time I will point you to the

6 place --

7 A Please do.

8 0 -- at the next opportunity. Let me go on now in

9 the interests of time.
You testified that the tensile strength of the10

Do
11 replacement shafts was better than the original shafts.

12 you know whether the surface finish on the replacement

13 shafts is better than in the original shafts?
O

14 A I do not know that, no.-

15 0 Well, based on your testimony that you are aware

16 that the tensile strength, the ultimate tensile strength of

17 the replacement shaf ts is better, would you then conclude

18 that the replacement crankshaf ts are of be tter material than

19 the conventional -- or that the material used in the

20 original crankshafts?

21 A Yes. I know also that they have been thoroughly

22 inspected for flaws which might arise as a result of the

23 slab forging process. Assuming that there are no hidden
q
k/ 24 flaws, I would say that the material was better, yes.'

25 0 Well, you will agree with me, won't you, that the

i

|
l
1
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2 'WRB:b i ' surface finish in the fillet regions is a significant~

2 factors in crankshaft performance?
C l
A - 3 A Yes.-

4 0 'And DEMA also encompasses, I think you testified,

5 Prof essor Sarsten, a range of crankshaf ts. Would that

include a range of journal pin web configuration and. fillet6

7 geometries?

8 A Yes.

9 0 Do you know how wide or how this range would be

10 defined, how broad it is?

11 A No. You would have to make an extensive survey

12 of the various engines. I have not done that.

13 0 Well, will you agree with me then that the DEMA

O standard for tha single order and the summation of major14

15 orders is a general or rough predictive tool that is not as

16 accurate as actual experimental data?

17 A We are speaking of two different things now, a

18 limit on torsional stress levels allowable, and the second

19 is measured values, if I understood the question correctly.
'

20 0 What is the answer to my question?

21 A Could you please rephrase or repeat it?
!

22 JUDGE MORRIS: I think it would be better,

23 Mr. Ellis, if you would rephrase it. I didn't understand
O 24 the question myself.

| 25 MR. ELLIS: I was afraid you would say that.
.

. - , , . _ . , _ , - - - _ , ~ - _ , . - , - - -, - - - - - ~ - . . - . . -y_..-,,,-.,--%__yy- r . _,y_-,my_ ____ _ - . . - . - - - _ - _
-



I

23356
0070 13 09

2 WRBcb I I will, Judge.

2 BY MR. ELLIS:
7
vs 3 O Oiven that DEMA assumes a range of crankshafts

-

which you have indicated includes a range of materials,4

it
5 fillet geometries, journal pin web configurations,

6 really is a general predictive tool, isn't it, that is not
as accurate as making actual empirical measurements of the7

stresses in the high stress areas of the crankshaft?8

'

A (Witness Sarsten) We are speaking of two
.

.10 things. One is a torsional vinration calculation that gives

11 a certain value.

12 Another is the measured stress values on the

13 crankshaft. They are two different things. They both have
,,

( )''' 14 their uses and their limitations. It is very hard to
,-

15 compare them.

16 0 Let me add to my question:

17 I understand your answer with regard to assessing

18 the adequacy of the crankshaft. Isn't it fair to say that

19 if you had actual torsional stresses in the areas of known

20 high stress, you had the actual strength of the material,

21 that that is a more adequate measure or assessment of the

adequacy of a crankshaf t than plugging figures into the DEMA22

23 calculation?
('~h As I said before, these are two different things,' ' ' 24 A

25 but I personally perhaps would be more happy with a more
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_WRB:b 1- refined approach. . But on the other hand, the DEMA
so let's

.

2 requirements are there and they have to be met
. b,") 3 ' wait.'

.

4 0 I don't think you answered my question Professor

5. Sarsten. Maybe it is still unclear. -

6 MR. ELLIS: .May I have it read back? I am trying

7 to get it clear, but perhaps I haven't succ.eeded yet.
.

8 (Whereupon, the Reporter read from the record

9 as requested.)

10 WITNESS SARSTEN All right.

11 Having heard it again I think that I can say I

12 presently would perhaps be more happy with such an approach.

13 BY MR. ELLIS:()t

14 0 Which is the "such an approach"?

15 A (Witness Sarsten) "Such an approach" using the

16 measured values.
i

17 0 Professor Sarsten, did you make any calculations

18 at load level.s of 3300 or 3200 or some level below 35007'

! 19 A I did make some very rough approximate

20 csiculations at these load levels, yes.

21 0 What damping factor did you use in connection

22 .with those calculations?

23 A I used a magnification f actor of 40, ref erred to
! n
| V
! 24 the fourth order.

25 0 How did you arrive at that damping f actor?
,

9

- _ - - _ - _ . _ . _ . - _ _ _ , _ . - - . . _ . _ , _ . ~ _ - ,, , . , _ _ . _
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1 .WRB::b i A I arrived at that damping factor through

2 experience with such torsional vibration calculations

3 previously, and I know specifically that that is the range

4 used by Det Norske Veritas.

5 I know it is a rather high damping relative to the

6 recent results from another diesel engine manufacturer in

7 Norway. I would assume this value to be, as damping goes.

8 slightly on the high side.

9 0 Is that different from the damping factor that

10 you used in connection with your calculations that are

11 reflected on Exhibit 2 of your testimony?

12 A Yes, it is. The figure there was one of a number

13 of calculations I made when reviewing the 8, the 12, the 16
7s
( )

14 and the 20 cylinder crankshafts. I then employed a damping''

15 value which happened to be in the data. This is a slightly

16 lower value of damping than I subsequently used.

17 However, the values ref erred to at 450 rpm have

18 been corrected to the larger damping value.

19 0 What then would be the new stresses that you

20 calculated using the new damping at the underspeed and

21 overspeed conditions?

22 A The stress levels using this rather large damping

23 changes the value slightly near resonance. At the lower end
gs
'-~]'

24 of the speed range I used 428 rpm. The value turned out to

25 be 7,051 psi. At the upper end of the speed range, 473 rpm,

26 the value was 7,851 psi.
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'

) .WR B:.:gb I O And what was the value then at 450 rpm?

2 A That is the value that's given in the report. I
,

- 3 had time to perform one calculation before writing the
There is

4 testimony and the correct values are given there.

5 a very slight difference at these values, because the

6 damping does not make too much of.a difference.

7 0 Were the . figures. you just gave at 3500 Kw?

8 A They were at 3500 Kw, yes, or, to be more

.9 specific at 225 psi. The psi was assumed constant over the

10 speed range.

11 0 So then by using this different damping factor on

12 your calculations, you went from.about 9,000 on your Exhibit

- 13 2 down to about 7,021 at the underspeed condition, is that
''

14 correct?

15 A 7,051.

16 0 7,051.

17 A Co rrec t.

I also indicated in the testimony that the18

damping was negligible, that the figures were preliminary19

20 and that the stress values at the lower end of the speed

21 range would go down dependent upon the damping.

22 O You .would consider, wouldn't you, this 30 percent

23 reduction to be fairly significant, wouldn't you?
s

N~') Yes, but they still do not meet the DEMA24 A

25 requirements or alter my conclusions at all. They were
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i WR Bagb . I expected.

2 0 Well is it your testimony that in the application ,

)

('lT |

s- .3 of DEMA there is no room for any engineering judgment?

4 A .I have only the rules to go - by. So that is my

5 testimony.

6 O I.s it true that you do not use an engineering-

7 Judgment in the application of any standards?
Let's take ABS, do you use engineering judgment8

9 in the application of ABS standards?

10 A The standards are specific. We are not allowed

11 to use engineering judgment. If so, it must be the

12 classification society itself who waivers the rules or uses

13 some engineering judgment.

14 0 Did you use that new damping factor in connection

15 with your calculations for 3300 Kw?

16 A Yes, I did.

17 0 Were the values then -- What were the values that

you received or that you obtained then for your stresses?18

19 A They were somewhat lower, of course.

20 Jf you will give me a little time, I can try to

21 give you approximate values.

22 I'm sorry, this may take a little timo, if you

23 .wish the actual values now.
O Why don't we do it overnight then and I will pick24 0

25 it up in the morning and go on, if that's all right with

_ . _ . - . - - . _ _ . _ _ _ _ _ . . _ _ _ _ . _ . _ . _ _ _ _ _ _ _ _ _ - . _ . _ _ _ _ _ _
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1 MRB:qb I the Board.

2 JUDOE BRENNER: It's all right with us.

3 Are you going to ask him about 3200 also?

4 MR. ELLIS: If he has done them. I wasn't sure

5 that he had done them at 32.

6 WITNESS SARSTEN I have done them at 32 and Det

7 Norske Veritas has done them at 3150.

8 MR. ELLIS: I'm only interested in what you've

9 done.
,

10 BY MR. ELLIS:

11 0 Prof essor Sarsten, let me show you a book

12 entitled " Rules for Building and Classing St eel Vessels,
.

13 1983, American Bureau of Shipping."
,,_

- 14 MR. ELLIS: I only have one of these, Judge. I

15 didn't anticipate this was coming up. Shall I hold this as

16 well?

17 JUDOE BRENN'IR: You can proceed. I don't know

18 where we'll go.

1.9 MR. ELLIS: It's just a short point.

20 JUDOE BRENNER: I assume you'll ask him some

i 21 preliminary question about it.
(Document handed to the witness. )22

23 BY MR. ELLIS: .s

("T
i \~# 24 0 Are you f amiliar with that volume, Prof essor

25 Sarsten?
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I WRBagb 'l A: (Witness Sarsten) If the.ru'.ss, as applied'to
.

.

./ r ,.'
!

v .
2 - diesel engine cr.ankshafts:.are here, I'm f amiliar wi th thab,

.

~ 3 Otherwtse not. .- -

4 0 -Have you Ner seen that book before? '
g% .- ,.

'
'' .

s

.<
-

-

* . T
'r ,

5 ,A. This book I have not seen before, no. 7

,

6 -[ ..MR. ELLIS: That was shorter than I. thought.

7 BY MR. ELLIS: , e
< .

; ,,
s.

dellMr.Henriksen,hav,etyouseenitbeforeff8 O
s . . . i

-

I have
9 'A fWitness Henriksents Not'that edition.

<

,

o
- s '

'

10 /seen earlier editions. ,
"

#
11' JUDdE BRENNER: Once I hear'the" questions, I will

1

, / '12 know whether ,in my own mind whether or not it is
^

13 reasonable fcir you not to have expected. this to come to.' J

14 And also if it focuses in on 'a particular point
'

,,
i ,

15 the rest.of us'Will have overnight to catch up, so.that's

16 another. reason for. proceeding now a little bit.
.Js'

,

.MR. ELLIS: Yes, siri I plan to be very short. ' .
> 17 <

18 I did ryot anticipate it. That doasn't mean that I shouldn't
#.

4 .19 have. ,

s

20 JUDGE BRENNER: All right'# ' .
,

MR. ELLIS: You may conclude-that I should have.21
_t

I22 JUDGE BRENNER: I'may.' < .

.,t 1.>_,

*
.

'

MR. ELLIS: I would just ask that you be' ,.

23
,-'

6'
,

( "s24 charitable. < s j y
i

JUDGE BRENNE'R We may need copies overnight (.* *

25
)( ,,J ,pq<

:.

Y4 1 |
'f\ . . * ,
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-

,
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,
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I WRB:gb I Let's see where it goes. We may not.

2 MR. ELLIS: Yes, sir.

(">T(- 3 BY MR. ELLIS:

4 0 Mr. Henriksen, .those are the ABS rules -- that

5 includes the ABS rules that we've been talking about today,

6 don't they?

7 A (Witness Henriksen) Yes.

B Q Is it also your testimony, as well as Prof essor

9 Sarsten's, that the application of ABS standards excludes

10 the exercise of engineering judgment?

Il MR. SCHEIDT: Objec. tion. I don't believe that

12 .was Prof e ssor Sarsten's testimony.

13 JUDGE BRENNER: Why don't you rephrase the

O . question and leave out the reference to Professor Sarsten14

.15 but ask the same question.

16 MR. ELLIS: Yes, sir.

17 BY MR. ELLIS:

18 0 Mr. Henriksen,.does the application of the ABS

19 rules exclude the use of engineering judgment?

20 A (Witness Henriksen) I have not made any judgment-

21 on the ABS rules. I have only been involved with the ,

)

22 torsional as it applies to DEMA.

23 0 You are.not then I take it an expert in the
6

O application and interpretation of the ABS standard for24
|

|
25 torsional stresses for crankshafts?

|

i- |

. _ . . . , . . _ .. _ _ _ _ .__
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i MRB:gb. I A- No.

2 0 :T5ank you.

Prof essor Sarsten, do ycu recall -- I know you're |() 3

4, going to look tonight, but do you recall whether at 32- or

5 3300 Kw there is~a demonstration of DEMA compliance or not.

both at the synchronous sperJ and at the overspeed and6

7 underspeed conditions?

8 A (Witness Sarsten) As far as I remember, you had

to go. down to 3200 to get compliance with the DEMA9

requirements over the whole speed range required by DEMA..30

11 0 So that at 3300 Kw it is above 7000 for the

12 summation of 24 orders, is that right?

13 A I would have to refresh my memory but I believe-

- 14 that's right, yes.

15 D Does the DEMA standard of 7000 have conservatisms

16 built into it, if you know?

17 A The DEMA standard of 7000 is a relatively high
4

j 18 torsional stress and f ar above what is normally allowed, for

19 exampl.e, by Lloyd's Register of Shipping, for example.
~

20 Their rules, I think, allow for this size of shaf t something ,

7

21 around a little over 4000 psi. I would nave to calculate

22 that but it's in the range they would allow.

23 Q So if it were an Il-inch crank pin -- strike

24 that.

25 Do you know what the calculated summation of
,

|

|
- . . . . . .. - . . . .
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: l' .MRBagb 1 major orders was by Dr. Chen for the-13 by .11 inch crank pin j

2' -- crankshaft?.

3- A- It's in his testimony. I have not calculatedl(). :

4 that. I do not remember what it was, no.

5 0 If I tell you that it was in the range of 9000,

6 does that refresh your recollection?

7 A Yes. It was far. above the DEMA requirements, at

B. least as I remember, according ~ to his testimony.

9 O So you would expect certainly'a fairly early

10 failure then under those circumstances, wouldn't you?1

11 A That would, of course, depend on the crankshaf t-

i 12. configuration. and material and so on. But under normal

13 conditions, yes, one would expect an early failure.
!

) 14 0 , Do you know how many hours were on the diesel

15 generator 102 at the time that that crankshaft-failed?-

16 A The exact number I don't remember, but it was

| 17 something in the order of 400 hours I believe but fu.11

18 lo ad. It may have run more at lower load levels.
4

4

19 0 Look if you would, please, at Exhibit 35.of the

| 20 County's exhibits. Exhibit 35 is an NRC Technical||

21 Evaluation Report by Franklin Research Center.

22 Do you.have that, Professor Sarsten? |
g

23 A Yes. ;

() 24 . Q. Have you reviewed that?
n

25 .A It is.... Let me see.

I
L

^

t
_ -.. .. . - . . -. .- . . . - . - . -.
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3 MRBcgb i May 9, 1984. I do not remember reviewing it.

2 JUDGE BRENNER: I think you may have to turn to

((_3
<

1 3 the-third page of the exhibit to see if you recognize it.

4 Prof ese,or Sarsten. -The first two pages are just a cover

5 letter.

6- WITNESS SARSTENs Oh, I'm so rry. April 6, 1984.

7 I have not reviewed it. I may have s een it ' and

8 glanced briefly through it. I have'not reviewed it _no, in

9 detail,

10 BY MR. ELLIS:

11 O Look at page 15 of that report, if you would.

12 A (Witness Sarsten) I.have it.

13 0 Do you see there where it indicates the number of
j.) hours on each of the three engines at the time that the(
4.- 14

15 diesel generator 102 crankshaf t f ailed?
,

16 A .Yes.

17 0 Do you see diesel generator .102 had 718 hours at

18 the time of the failure?
19 A Co rrec t.

20 0 That's,almost ten to the seven, isn't it?

21 A It.is, but.it depends on how many of these hours

22 .were at the . load, the rated load. It is not shown here.

23 O Do you know how many hours of the 718 were at the

.24 rated load or higher?

! 25 A . No .

.

'

i
l

I
i

I

- ~' ' - - - - , . . . _ _
. , . , , _ _ _ _ . _ __ !
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1 WRBagb I O Do you know whether the Franklin Research

2 Institute concluded that the 13 by 12 inch crankshaf ts met

.3 the DEMA standard or not?

4 A No.

.5 0 Look if you would, please, at page 69 of that

6 Exhibit 35.

7 Does that refresh your recollection on whether

8 Franklin Research Center on behalf of the NRC concluded that

9 the 13 by 12 inch crankshaft, the replacement crankshaft,

.10 . met the DEMA recommended values for single order excitation

11 and for.mummation of the orders?

12 A Which part of the page is this on? I'm so rry,

13 I'm not familiar with it.

Ot 14 0 Look at about midpoint on the page.

15 A Okay. Right. I see that. I have not read this

-16 before.

17 0 Okay.

18 Do you know how many orders they summed?

19 A No.

20 MR. ELLIS: Judge, this might be an appropriate

. 21 . time to break and I will use the time to insure that my

22 estimate was accurate.

23 JUDGE BRENNER: Okay. We will break in a moment.
.

24 Let me make sure I understand something:

25 This exhibit that you've been examining from on
,

I

_ _ _ _ _ _ _ . _ _ _ _ _ _ _ _ _ _ _ ___ . - _ _ . . . ._. - _ _ . _ _ ,, _ . . _ . . .
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2 MRB:gb i your last question or two which, as of now, is proposed

2 County Exhibit 35, is the Technical Evaluation Report

(,) 3 prepared by Franklin Research Center acting as a Staff/'s

4 consultant?

5 RR. ELLIS: That's correct, Judge Brenner.

6 JUDGE BRENNER: Is that right, Mr. Goddard?

7 MR. GODDARD: That's co rrect.

8 JUDGE BRENNER: And your lead witness on the same

subject is not f amiliar with it, is that right?9

10 MR. GODDARD: I am informed this is a report that

11 .was used to analyze the old crankshaf t, not the 13 by 12

12 crankshaft.

13 JUDGE BRENNER: The same question, though.
,

14 MR. GODDARD: It also analyzed the shot peening

15 on the 13 by 12 crankshaf t.

16 JUDGE BRENNER: Mr. Henriksen, are you familiar

17 with this report?

18 NITNESS HENRIKSEN: I have read it, yes.

19 JUDGE BRENNER: You've read it. That's all

20 you've done, you've read it?

21 WITNESS HENRIKSEN: Yes.

22 JUDGE DRENNER: You have not been involved in any

23 analyses of it or anything of that nature?

O)t., 24 WITNESS HENRIKSEN Other than giving my views on

25 it to PNL.
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1 WRB:gb 1 JUDGE BRENNER: All right.

2 RR. ELLIS: Judge Brenner, if you will look at

3 the t.itle, I think it does cover the replacement crankshaf t.jf

4 JUDGE BRENNER: .Well I don't want to go into it
_

5 just yet.
.

6 Keep in mind what I said about-the efficiency of

.7_ directing questions to the entire panel and also what I said

8 about basing findings on reports that are merely buried in

9 exhibits, particularly lengthy reports.

.10 #R..ELLIS: Yes, sir.

11 JUDGE BRENNER: All right.

12 We will break at this point and we will resume at

-

. 13 9:00 tomorrow morning and we'll try to finish up by the

14 first break.which we usually take around 10:30.

15 MR. ELLIS: Yes, sir. I think I will try to

16 pick out the por.tions of this exhibit so that I am clear

17 about it tonight and pe" haps we may offer those as our
~

18 exhibits in cross-examination tomorrow.

19 JUDGE BRENNER: If you're going to do that you

20 should tell Staff Counsel what portions you are going to use

21 so they can tell their witnesses and be prepared.

22 MR. ELLIS: , Yes, we'll do that and would ask that
I'm sure

23 they do the same thing when our witnesses are up.

()- 24- they will.-

25 JUDGE BRENNER: All right.

,

- ' - ~ c - _ , . . _ ,
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1 WR8;gb I We'll be back at 9:00 tomorrow morning.

2 (Whereupon, at 5:00 p.m., the hearing in the

3 above-entitled matter was recessed, to reconvene at 9:00(1
4 a.m., the following day.)

5
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