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PROCEEDINGS

JUDGE BRENNER: Good morning.

I suppose the first thing we are interested in
knowing is what the status is with respect to the proposed
crankshaft rebuttal testimony. Can somebody inform us?

MR. STROUPE: Judge Brenner, I believe the parties
have reached agreement that the Staff will make certain
modifications to the testimony which will be read into the
record this morning that I think all the parties have seen
and discussed. We had a meeting to discuss it.

There will be no rebuttal testimony, based on our
understanding that no one has any concern about these fast
starts and/or step changes in load that we were talking about.

MR. DYNNER: Again, for about the third or fourth
time this week, we have been left out. We don't have-- We
have not been given by the Staff any proposed changes to their
testimony. We have notifed them that, based upon discussions
with our consultants, though we don't think tnat that
particular subject matter is going to cause a problem, we have
not been given the courtesy of seeing what these changes are
going to be that presumably are proposed.

JUDGE BRENNER: Do you, Mr. Stroupe, know what the
changes are that the Staff is going to propose?

MR. STROUPE: I just saw the changes,

Judge Brenner.
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JUDGE BRENNER: Well, I am not going to permit the
Staff to give the changes until the County is informed in
advance of what those changes are, so we will have to defer
that until after another break.

We have addressed it several times, as Mr. Dynner

has correctly said.

Next subiject. T

MR. GODDARD: Very well, Judge Br'enner.

The Staff, pursuant to our--

JUDGE BRENNER: I should give you the courtesy of
asking you: 1Is Mr. Dynner correct, as far as the Staff knows,
that he has not been informed of the changes? |

MR. GODDARD: There is no guestion with what
Mr. Dynner says. The changes to the testimony that the Staff
proposes are as a result of the meeting between LILCO, NRC
Staff and consultants, and Mr. Bridenbaugh, the consultant
to Suffolk County, which was held at eight o'clock this
morning. It is a direct result of that meeting that these
changes are made.

I did not know the particular wording of the
changes to be made by the Staff or to be proposed by the
Staff had not been seen by Mr. Dynner, but I certainly accept
vhat he says as correct.

JUDGE ERENNER: Do you think Mr. Bridenbaugh was

told what the particular changes are?
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MR. GODDARD: I assumed that was the case. The
attorneys were not involved in this meeting. It was strictly |
a technical meeting to resolve this issue. It was the purpose
of the meeting.

JUDGE BRENNER: Why don't you take a minute and

see.
MR. DYNNER: The answer is Mr. Bridenbaugh hasn't
seen any particular changes. He said he took part in that

JUDGE BRENNER: All right. We will wait until afteri
a break.

MR. GODDARD: Very good.

Tbe Staff has other proposed changes to its
testimony which are made as a direct result of the direction
from the Chairman yesterday with regard to a line-by-line
review of the testimony based primarily on the unfortunate
absence of Professor Arthur Sarsten from participation in
this testimony.

JUDGE BRENNER: All right.

Before we do that -- that will be directly related
and lead into the continuation of the cross-examination --
are there any other preliminary matters?

I thought the parties were going to be ready on
the camshaft gallery agreement.

MR. ELLIS: Yes, sir, we are.
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The situation is precisely as I described it to you

? yesterday. However, we have discussed the matter further, and |
3 we ask the Board to approve the settlement on the basis of
‘ 4 the inspections that are covered in the agreement, every

s three months or 30 hours of operation, whichever comes first.
é Of course if the 30 hours triggers an inspection,
7 then the three months would begin from the date of that

4 8 inspection and not from the date of the previous three months
’ inspection or one month inspection.
" JUDGE BRENNER: All right. We will discuss it
o among the Board members during a break, but that sounds
" acceptable. However, I want to discuss it. You will have to

. 3 give us that:in writing to reflect the change as scon as you
- get a chance. Am I right about that?
e MR. ELLIS: Yes, sir.
" Originally, as you recall, on the record you asked
4 Mr. Dynner to send a letter and ultimately we had indicated--
18 We sent the Board a letter indicating that this issue still
i had not been resolved.
20 Would you like for us to do it by way of a letter
21 to the Board or--

‘ 2 JUDGE BRENNER: Just a report saying that these
2|l are the words of the condition.

' '-'".t:: What I am going to ask the parties to do in

s proposed findings is to make sure that any conditions that the
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parties have agreed upon or are advocating in support of their
proposed findings be spelled out so that if we end up of
course adopting an agreed-upon condition which vve in advance
said was acceptable to us that we certainly want the
particular words of the condition for that.

And if a party in the other situation as an
advocate is going to propose a condition in addition to just
what the good idea is that the party has, we want the
particular words and whether or not it should be a condition
of the license in the tech specs or whatever, so that that
would be something that we can catch up on.

And if we are going to have a dismissal of an issue
then those words have to'be written down somewhere. We can
bind it into the record as an exhibit, or whatever is
convenient. We may not be here any more by the time you set
it in writing.

MR. ELLIS: We will try to do it this week so that
we carn Jo it before we take up the block. It might be more
efficient if we do it that way.

JUDGE BRENNER: All right. You can simply lable
the paragraph as the condition, if that be the case, or
tech spec, and on the record the parties can say they agree
to it, and we can make it an exhibit or something of that

nature.

Procedurally there are a lot of options. I just

|
|
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wanted to see what the words are.

MR. ELLIS: Yes, sir.

JUDGE BRENNER: But we certainly have the idea of
the substance from what you have just told us, and we'll
discuss it during a break among the Board members.

MR. ELLIS: One thing I wasn't clear about.

In going through now next line-by-line I think it
will necessarily -- it will be necessary at that time I think
to go through in addition the changes that we talked about
before we went to the cam gallery, that is, the changes that
Mr. Dynner indicated he hadn't seen. And it seems to me only
reasonable to go ahead and give them now as opposed to waiting
because if you are géing to go through it line-by-line,
you might as well-- This is one of those line-by-line items.

JUDGE BRENNER: The only problem is the parties
think they have an agreement, and it would be unfortunate if
a misunderstanding over a word or two which wasn't discussed
led another party to have to be cautious or profess out and
out disagreement when it could be smoothed out off the record.
And that's why all the parties are supposed to meet and
exchange this information.

So why not just leave those changes out, and after
the break we will come back and do those changes?

MR. STROUPE: Judge Brenner, if I might suggest,

I really think in three minutes it could be--

|
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That's a good idea,
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JUDGE BRENNER: Back on the record.

2 We can tell you that we can approve the settlement
3 on the camshaft gallery, as explained by Mr. Ellis, however
‘ 4 we would like to see the precise words in writing, mostly
5 so that we can assure there is no disagreement among the
¢ parties and everybody will know exactly what the condition
71 or tech spec will say.
A 8 Occasionally in writing something like ‘that out
9 a detail occurs to the parties, such as the one you added
01 mr. El1is.
n All right. We can go back to you, Mr. Goddard,
12 and you have changes that you wanted to make in the testimony.
. " | " MR. GODDARD: Yes, Judge Brenner. :
14 | As a result of your directions yesterday, the
'5' Staff has reviewed the testimony with a view to making certain
16 changes. As a result of the cam gallery agreement which was
” discussed by Mr. Ellis, subsequent changes will be made to
8 the block testimony deleting large portions, that which
wi dealt with the cam gallery monitoring but that will not be
20 presented at this time.
21 JUDGE BRENNER: All right. Do that in writing.
. 2| 1, other words, give us all a written paper, including the
23 Reporter, and we'll bind it into the record.
, m:: MR. GODDARD: We will do that.
» JUDGE BRENNER: Give that to us in advance so we
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don't have to waste any time going through it orally, and
that way the parties will be assured they understand what's
being deleted.

MR. GODDARD: We will do that.

Would it be satisfactory to make the deletions on
the original testimony itself and present that?

JUDGE BRENNER: We can't, it's alreadv bound in.

MR. GODDARD: Okay. We can resubmit the block
testimony, if you prefer.

We'll worry about that off the record.

JUDGE BRENNER: You figure it out.

Whereupon,
- SPENCER H. BUSH
and
ADAM J. HENRIKSEN
were recalled as witnesses and, having been previously duly
sworn, testified further as follows.

MR. GODDARD: At this point I would like Dr. Bush
to read into the record the changes to the Staff's prefiled
testimony at this point.

WITNESS BUSH: The first change would be on the
title page, which would now read:

"Spencer H. Bush and Adam J. Henriksen," and
delete the words "and Professor Arthur Sarsten."

Page one, the last varagraph, that starts off
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parenthetically "Sarsten" would be deleted.

Page five, the center paragraph that begins with y
the words "the testing," and ends with "engine operability,"
would be deleted comnletely.

Page 11, an answer to question seven, it should

read "Henriksen, Bush," close paren, with the clarification
that I am responding to the middle paragraph on page 12 and
not the entire testimony.
| JUDGE BRENNER: The one that begins: "The 20

hours of operation...?"

WITNESS BUSH: Yes, sir.

Page 13, under answer nine, ‘item one would be
dr. >p24 and also "Sarsten" in the answer, so it will read: -
"Bush, Henriksen."

Page 14, gquestion 10 and answer 10 would be deleted.

Page 15, the page would be deleted.

Page 17 -~

JUDGE BRENNER: Page 15, you are deleting that
figure, is that right?

WITNESS BUSH: That's right, because it is cited
in the paragraph that was deleted.

This may be subject -~ this is a clarification, in
the bottom paragraph the statement, the parenthetic statement
that states: "As discussed in response to question 12," has

been deleted and the statement: "Based on my extrapolation
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of data in FaAA-84-3-16," replaces it.
JUDGE BRENNER: Could you do that again? This is ;

the bottom paragraph of page 17, is that correct?
WITNESS BUSH: Yes, sir. It replaces the parenthetic

phrase: "As discussed in response to guestion 12," and it

reads: "Based on my extrapolation of data in FaAA-84-3-16."
To my knowledge, that is a part of the official record.
Page 23, in answer 16, delete "Sarsten" and that's
it == I'm sorry, and "Henriksen" so I would be sponsoring
guestion 16.
That's it.
JUDGE BRENNER: All right. |
Thank you. We will just have to rely on the transcriﬁt
page for now as the errata to the previously bound-in testimony
and if the parties on their own want to oppose doing anything
further they can but,if not, I think this would be acceptable.
Mr. Dynner?
MR. DYNNER: I don't know whether it is appropriate,
there was a suggested last-minute change which Dr. Bush has
just made which, in looking at it, I think too much was
taken out and I would like to ask about it because it was
made in the last 15 seconds when the Board re-entered the
room.

If I could ask one question of Dr. Bush....

JUDGF BRENNER: 1I'll let you do that in a moment.
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I still don't think we have on the record -- and

I thought that's what we were going to have at the outset

before we even went to the witnesses -- what the parties

positions are with respect to the concern raised in the previou
Staff testimony which we struck because there was not a
sponsoring witness who was qualified, not because of any
other reason.

And I want to know if -- let's get the position of
the parties: Do all the parties agree that that is not a
matter in controversy? 1Is that the situation?

MR. STROUPE: Judge Brenner, I would like information
from both the Staff and from the County that indeed neither
the subject of fast starts and/or step changes in load and
any transients associated therewith is not an issue in this
litigation and will not be guestioned, so that I may let
Dr. Pischinger and others go.

JUDGE BRENNER: Mr. Dynner, what's the situation
from the County's standpoint?

MR. DYNNER: Yes, sir, that's correct.

JUDGE BRENNER: Okay.

MR. GODDARD: That is correct as stated by Mr. Stroupe.

JUDGE BRENNER: All right.

I guess I'm not speaking clearly. That's what I
thought we would hear at the outset and that's why I didn't

understand how deletions by Dr. Bush, who is not a diesel



WRB2/agbé adba
- |

expert anyway, would tell us that, as an expert in operation

2 of fuel racks and diesels. !
3 MR. STROUPE: Judge Brenner, we will furnish the
’ 4 Board with the transcript references from Mr. Knox's prior
5 testimony taken at the hearing for purposes of allowing the
6ll Board to have those references that will need to be stricken .
7 also; I think you had requested that some time ago.
' 8 JUDGE BRENNER: All right. I don't know that it's
9 necessary now that there has been an agreement among the
10 parties; in other words, if we had ruled in one partv's
”1 favor over the objection of another party, I think that would
12 have been more necessary and I think I could save you the
. 13 trouble of doing that now that yo'u've got the agreement of
“ the parties.
15 | CROSS-EXAMINATION (Continued)
1 BY MR. DYNNER:
w Q While it's still fresh in mind, Dr. Bush, you'll
8 | recall that in the last 15 seconds or so of our little
i t conversation it was suggested that on page five, the second
20 paragraph be deleted to the extent that it merely summarized
21 qguesticn and answer 10 which had been deleted.
’ 2 Am I correct that the first sentence of that second
23 paragraph does not go to the summary of guestion and answer 10
IR I, :: and really should not have been deleted?
3 A (Witness Bush) I think you are correct. More
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correctly, it would be the "however" and through "omerability"
in this instance. This was, as you say, something we
recognized when we agreed on another page because it was

essentially a summarization of a later page.

0 So it's correct to say that --
A (Witness Bush) You're guite correct.
Q -- in the second paragraph on page five, the first

|

sentence remains in your testimony and the balance of the second

paragraph should be deleted, is that correct, sir?
A (Witness Bush) That's correct.
Q Thank you.

JUDGE BRENNER: Let's go off the record for a

minute.
(Discussion off the record.)
JUDGE BRENNER: On the record.
BY MR. DYNNEK:
Q Dr. Bush, please turn to page 13 of your testimony.

In the third line at the top of page 13 you refer to crank-
shaft stresses.
What did you mean by crankshaft stresses?
A (Witness Bush) These would be the combined stresses
or separate stresses and bending in torsion that would tend
to control the possible failure and fatigue.
Q Combined and singular, both combined and torsional

stresses, is that correct?
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A (Witness Bush) Yes.
Q Are there any other stresses that you were referrina
to there?
A (Witness Bush) Depending on the geometry you

might look at the tensile stresses there that would occur also.

A3

But generally the ones that would control would be bending
and torsion.

Q Well in the sentence were you referring at all to
the tensile stresses?

A (Witness Bush) Well the values 1 yas looking at
were both the combined and the bending and the torsion, so
I was giving Primary emphasis to those.

Q Primary emphaéis,

Were you looking at all -- When you wrote that
sentence were you also considering tensile stresses?

A (Witness Bush) Probably not.

Q Well were you or weren't you? And do you now or
do you not?

A (Witness Bush) I would consider that bending and
torsion would control, so those are the ones I would be

looking at.

So the answer is I would not use tensile in that case.

Q Thank you.

Do you know what the bending and torsional combined

and single stresses are in the crankshaft at Shoreham at 3000
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Kw?
A (Witness Bush) I never looked at it definitively

at 3000. We examined at 3300 and 35- and at 39-. And at

about 36-, that's as far as we went under those circumstances.

Q When you say "we went," who are you referring to?

A (Witness Bush) Well this was intended to be a
joint effort, doing the calculations, which would have
consisted in that instance of -- Arthur Sarsten was there,
Adam Henriksen was there, Dr. Laity was there, Dr. Dingee
was there, Mr. Alzheimer was there and several others were
there.

Q Can you tell me now whag.are the bending and
torsional stresses in the Shoreham crankshafts at 3300 Kw?

A (Witness Bush) Only by extrapolation. I extrapolated
from the -- to a major degree in the calculations we used we
used extrapolation technigue, using the data that were
available to us from the FaAA report cited earlier, which
gives numbers for the -- at 3500 and it also gives change in
numbers for 3800 and extrapolates to 3900 and, by like token,
you can use a similar approach to back-extrapolate from those
to 3300.

Unfortunately we did not have access to the total
original data, which would have included data, strain gauge
data at 2800, which would have permitted an interpolation

rather than an extrapolation.



WRB2/agbl0

17

8

19

20

21

23

24
' Ace-Federsl Reporters, Inc.
25

28,603 |
g
Q What page are you referring to, what document for ;
the --
A (Witness Bush) This is -- ;
Q Let me finish the guestion, please.
A (Witness Bush) =-- the FaAA --
Q Let me finish the question, please.
A (Witness Bush) I'm sorry.
Q What page are you referring to in what document with

respect to the torsional and bending stresses, both combined

and single, for the crankshaft at 3500 Kw?

A (Witness Bush) Page 3-9 of Failure Analysis Report
84-3-16.
Q You told me in your previous testimdhy -- I'm sorry,

I think you told Mr. Stroupe in your previous testimony that
you are not an expert at calculating torsional values and
stresses or bending stresses.

Are you an expert at extrapolation of stresses in
the crankshafts?

A (Witness Bush) I don't think that requires any
particular degree of expertise, sir. If I have values there
and I can establish what type of a slope it has and the degree
of extrapolation is limited, I would not expect it to be
particularly difficult.

Q Did you make this extrapolation on a strictly

linear basis?
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A (Witness Bush) Well in this instance, as a first - é
approximation, it's linear, that's correct. ;
Q Well how did you know whether or not a linear basis
of extrapolation is appropriate in this case?
A (Witness Bush) Because the error of any other
slope or any other change would be minimal.
Q I'm sorry.
A (Witness Bush) Unless there were a pronounced change?

in slope and function because of the relatively short range
over which one is extrapolation, it should have a minimal
effect.

Q But you don't know what that slope is, do you?

A (Witness Bush). If X have-essentiaily three points
on there, I can, as a first approximation, see what it's like.
If you mean do I have it, I did not try to do a regression
analysis or something of that nature which is impossible
based on the amount of data in guestion.

Q Yes, and therefore you would not know whether the
slope might drop off dramatically or not, would you?

A (Witness Bush) Well obviously we cannot put much
credit on engineering judgment, but based on almost any other
type of equipment I would not expect a dramatic drop-off.

Q But you don't know whether it would drop off
dramatically or not, do you?

A (Witness Bush) If you mean can I confirm it there,



WRB2/agbl2

—

10

1
12
‘l. | 13
14
15
16
17
8
19
20
21

‘ 22

23

24

' Ace-Federal Reporters, inc.

25

|

|
|

28,605 ;
{
I
the answer is probably not. :
|
Q Is it not or is it probably not? :
|
A (Witness Bush) I would not expect it to drop off
dramatically.
Q But you don't know whether it drops off dramatically,
do you? [

MR. GODDARD: Objection, asked and answered.
JUDGE BRENNER: No, overruled.

BY MR. DYNNER:

Q You don't know whether it drops off dramatically,
do you?

A (Witness Bush) You're quite correctt I do not |
know tﬁat the sun is going to rise tomorgow either, which"
in my estimation is in the same category.

Q Your estimation is based on your experience in
doing torsional vibration and bending vibration characteristic
calculations?

A (Witness Bush) My experience is based in general
on failure analysis, our research, of many components.

Q Well would your experience in failure analysis of
many components enable you to determine what happens to
torsional vibration in a crankshaft under various conditions?

A (Witness Bush) I'm not quite sure I understand
what you're getting at in that question. Could you rephrase

it perhaps so I can understand it better?
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Q I'll try.

Does your experience enable you to determine how
the torsional vibration in the Shoreham crankshaft reacts
at various power levels and load levels?

A (Witness Bush) I'm using the strain gauge data
which gives me a measurement of that and that's what I'm
extrapolating from.

Q That's not my question. My question is whether
your experience enables you to determine how torsional
vibration characteristics in the crankshafts react at
different power and load levels.

N * (Witness éush) Other than looking at the existing
data the answer is that's.how I determine it. I lodk at
the data at different power levels, I observe the changes that

occur at those power levels and I draw inferences from those

values.

Q So the answer to my question is no, isn't that
right?

A (Witness Bush) I do not consider that a no answer.

Q Well let me try again.

Does your experience enable you to determine changes
in torsional vibration characteristics of the Shoreham
crankshafts as the load changes on the crankshaft? Does your
experience allow you to determine that?

A (Witness Bush, If it is within =--
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Q Just try to give me a yes or no answer, then you

can explain your answer.

A (Witness Bush) If it is a matter of reading strain

gauge data, the answer is yes. If it is a matter of an

analytic calculation -- which is what we went through yesterday

-- then obviously the answer is not ves.

I am using strain gauge data to a major degree under

these circumstances for that purpose.

Q So that your experience that you are referring to
is confined to your ability to read strain gauge data that
you have cited in the FaAA report, is that right?

MR. STROUPE: Objection, asked and answered.

- JUDGE BRENNER: No, it may have been asked but the
cross-examiner is entitled to leeway to get answers in terms
that he is trying to ask the questions to identify with

great clarity just what the situation is, so it's overruled.

WITNESS BUSH: As I say, the experience I am basing

it on is looking at strain gauge data that were available
in this report, that's correct.
BY MR. DYNNER:
Q Now Dr. Bush, please look at page 16 of your

testimony.

Where did you obtain -- Well let me ask it this way:

Who reported to you the hours and loads that are

cited at the top of that page with respect to the operation
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of EDG 103?
MR. STROUPE: I am going to object to that on the
basis that it is answered in the footnote.
WITNESS BUSH: It came out of that report.
BY MR. DYNNER:
Q. It came out of the report that is noted in the
footnote, is that correct?
A (Witness Bush) That's right.
And if you are asking the next question if I was
co-author of that one, I participatec in it but I'm not
guite sure -- I don't remember whether my name is on the

cover or not.

Q Did you review the actual t=gt data for the bperation.

of EDG 103 at those houvrs that you are referring to?

A (Witness Bush) Collectively we looked -- well
maybe I should ask for a clarification.

We looked at the reported hours but what approximated

3500 kilowatts; the same thing was true at greater than 3500.
I am aware of a rather substantial number of telephone calls
made attempting -- to LILCO attempting to clarify the precise
status, for example, of the second item which is the greater
than 3500 kilowatts. So we would have a more precise value.
So basically this was obtained by discussions and from
documents.

Q Discussions and what?
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A ( Witness Bush) And documents.

Q Did you review the test documents for these hours
that were run personally?

A No, I did not.

o} Were you able to receive or develop accurate and
precise information as to the number of hours that these --
that EDG 103 was run at particular loads, at specific loads,
or were you only able to generalize as you dc here?

A ( Witness Bush) This is about the best we could do.
We attempted to do a better job of quantification and were
unable to do so.

Q All right.

A (Witness Bush) That's the reason for the wérd
"approximate."

Q You refer to a prediction of cumulative fatigue
damage from these loads in the next sentence on that page
and then you discuss Miner's rule in the Manson approach.

Did you personally undertake a prediction of
cumulative damage fatigue for these particular loads?

A (Witness Bush) Yes -- well, more correctly, I

set up a matrix of conditions since, among other things, for

the one used in the Manson approach, the ordering is important.

So what we did was established this matrix and
including the additional hours at 3300 and actually conducted

a series of analyses based on M/N relationships to determine
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what I would call the degradation or the possible effect on
the endurance limit.

We ran a substantial number of cases with these
various permutations because the only absolute point that we
knew for certain was the 3300 and we knew that was the past
test that was run.

I used engineering judgment, engineering experience,
to assess what I thought would be the most seveic case versus
the least severe case and ran these results. And by and large,
they all showed the same thing and that is that the combination
of loads and the stresses that were utilized are such that we
are either very close to the endurance limit or we are below
the endurance limit.

Q And Dr. Bush, you say that you established a matrix
of conditions.
A (Witness Bush) Yes.

Q Was this for the purpose of using the Manson

approach --
A (Witness Bush) Yes.
Q -- while at the same time using the Palmgren-Miner

cyclic ratio summation theory?

A (Witness Bush) I was emphasizing the Manson approach
because of the ordering effect that might have an impact on
it, so I was attempting to look at it in the context of

the possible impact of the ordering of the loads.
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In other words, if the 3500 at 119 hours was the
first load, would that have a greater impact than if the 3900
kilowatts at seven hours were the first load.

Obviously there is another case in therz which,
because of i12ck of data, we did not try to analyze, and
that is that theso could be broken up into increments so
that the 119 hours act:ally was broken into a series. We
did not go that far because we had no data that would permit

us to go that far.

Q When you are speaking of "we" as you answer these

questions, are you speaking of yourself and someone else
Oor are you just speaking of yourself?

A (Witness Bush) This tended to be a collective
effort in the sense that I was responsible for establishing
the conditions but I did not push the buttons on the computer
to get the readouts to establish what the values were.

Q Well am I correct then that you used the Palmgren-
Miner cyclic ratio summation theory, coupled with the Manson
approach?

A (Witness Bush) I primarily considered the ordering
which would be used in the Manson approach rather than the
Palmgren-Miner.

Q And is that because the loading sequencers would
have a significant effect on the predicted fatigue limit?

A (Witness Bush) I think so. In the absence of
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appropriate. And I recognize that the Manson approach can
either give higher values or lower values depending on the
ratio.

I might comment that I suspect based on the results

of the Manson analyses that the Palmgren-Miner would have given

me almost exactly the same, namely, because of the relatively
narrow band of stresses; in other words, that the change in
stresses were not that large.

Q Well which stresses are you referring to?

A (Witness Bush) The combined stresses of bending
énd shear under these circumstances where we could establish
a ratio of these which would give us an input to the ZQuations
and then we can look at the number of cycles for a so-called
maximum stress and establish, based on the assumption that
the onset of the endurance limitwas essentially 10 to the 6,
we could establish from that the effective life of each of
the stresses.

Q Are you talking about the stress levels at 3500
compared to 3300 again, when you made that statement?

A (Witness Bush) This covered 3900 and 3500, we
used the value of about 3600. These were somewhat corrected
for the others and they also incorporated the 3300, that's

correct.

Q And when you used these values, am I correct that
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you were using the values that Professor Sarsten had developed
that you referred to previously?

A (Witness Bush) No, because unfortunately Professor
Sarsten wasn't able to generate bending moments and so I
pretty much had to depend on the extrapolations or inter-
polations from the strain gauge data.

o Earlier in your testimony you had referred to the
Collins work entitled "Failure of Materials in Mechanical
Design Analysis Prediction Prevention," that had been cited
in Figure 1 on page 15 which we have since deleted.

A (Witness Bush) Yes.

Q It's correct, isn't it, that in the Collins book
Collins supports you in the position that you have taken that
the loading sequences have a significant effect on predicted
fatigue limits, isn't that correct?

A (Witness Bush) That's correct. Professor Collins
obviously prefers the Manson approach over the Palmgren-Miner
approach, and I tend to concur based on experience.

Certainly if you have what I call a fairly high
load for a number of cycles, as was cited in testimony
yesterday by Dr. Pischinger, one would expect to have a
pronounced effect. The effect as the stresses over a range
get closer and closer together, they begin to get washed
out because you don't see that one.

In other words, if everything falls within roughly



WRB3/agb2l

endC3 10

1
12

‘I’ 13

14

16
17
18
9
20

21

23

24

' Ace Federsl Reporters, nc.

25

15

28,614

a 5 to 10 percent band and that band tends to be fairly low
so it tends to be not too far from the endurance limit, you
do not see much effect.

On the other hand, if you are higher than that for
some finite number of cycles, then you can see a rather
pronounced effect.

Q You agree with Professor Coll ‘'ns that the rate
of damage accumulated at a given stress level is a function
of prior cyclic stress history then, don't you?

A ( Witness Bush) I do.
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With the caveat that I mentioned, if there is not
much change, then, obviously, it tends to -- it all will wash
out. But, certainly, if there's a substantial change, then
I would tend to support that approach.

Qo Dr. Bush, I think you referred to the fact that,
in making your analysis under the Manson approach, that you
took into consideration hours ranging from 3300 to 3900 kw on
the crankshaft. 1Is that correct?

A (Witness Bush) Yes, sir.

Q There were, in fact, fairly large numbers of hours
on the crankshaft at below 3300; isn't that correct?

A (Witness Bush) Well, I'm aware of some hours
below 3300. "The numbers I'm aware of are not that large.
Perhaps we should understand what you mean by "large".

Q Do you recall prior testimony that the total
approximate hours of all loads on EDG's 102 crankshaft was
about 1,323 hours?

A (Witness Bush) We used about 750 hours, I think,
or 740, in our analysis.

Q Yes. The 740 hours would be the hours at 3300
and above. 1Isn't that right?

A (Witness Bush) That's right.

Q And do you recall the previous testimony that the
total number of hours on the crankshaft approximated 1300

hours?
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A (Witness Bush) If that has been available, I ;
don't have access to it. i

Q Can you help us, Mr. Henricksen? 1

A (Witness Henricksen) Yes. I think you're referring
to prior to the last 525 endurance test.

Q Yes. |

A (Witness Henricksen) Well, that was agreed to wash?

everything that was below 3500 at that time. It would not
count. And I'm not sure Dr. Bush is aware of that.

Q Yes. But are you aware, Mr. Henricksen, that
there are approximately 1300 total hours at all loads on

the EDG 103 crankshaft?

A (Witness Henricksen) The figure seems to be I
’ |
correct.
o If Mr. Henricksen is correct, then, Dr. Bush,

there are about 600 -- 550 to 600 -- hours that the crankshaft
was run at loads below 3300. 1Isn't that right?

A (Witness Bush) If that's the case, that would be |
true, ves.

Q And you didn't take those into consideration in the
Manson approach analysis that you performed, did you?

A (Witness Bush) That's correct. However, if the
other values are indicative, they would rot have contributed {

to the Manson approach, simply because they would be too low.

Q But it's true, isn't it, that the Manson approach |
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does consider all c: the cyclic history of the crankshaft

and not just selected portions of the cyclic operation? Isn'tf

that correct? l

A (Witness Bush) I believe if you read Collins'

dissertation on the Manson approach, when you have stresses

that are substantially below what I will call the terminal
endurance limit, that he indicates that they have little or
no contribution -- essentially, no contribution. In other i
words, you should have an infinite life under those
circumstances. So the cycles have, essentially, no
contribution under those circumstances.

Q Well, do you know whether the torsiqnal and
bending stresses on the crankshaft at ioads Selow 3300 are ]
substantially loweg than the stresses at 3300?

A (Witness Bush) The answer is: as of this morning
I know more than I did yesterday.

Q My question =--

A (Witness Bush) The answer -- at the time I wrote
the report, the answer is: I wouldn't have known that. We
discarded those data.

Q And you say you know now that the stresses below
3300 are substantially less than at 3300?

A (Witness Bush) Yes.

Q All right. What are the stresses at, let's say,

3000? You don't know that, do you?
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A (Witness Bush) I could take this report and I
could interpolate from the 2800 data and come up with a
value. I did a quick examination this mcrning, and between
3300 and 2800 on the bending and the torsional stresses, the
shear stresses, there was about a 16 percent differential.
And if I work backwords -- 18 percent, I believe it was. And
if I work backwards from that figure to about 3000, it would
probably be around 11 or 12 percent lower.

Q You say you looked at this quickly. You didn't
make an actual calculation. You just eyeballed it: is that
what you mean?

A (Witness Bush) Well, what I di§ is I took the
values at.2800 and I took the values at 3300, and I looked
at the delta values between these two levels of kilowatt in
the bending stress and in the shear stress, and made an
assumption that, as a first approximation, it would be linear,
and established what the percentage change would be per
hundred kilowatts, and worked backwards from that. That was
the approach I used.

Q Yes. Well, you don't know at what loads these
extra 550 and 600 hours were run, do you?

A (Witness Bush) No.

Q Does Manson consider a difference -- if we take
your estimated figure of 18 percent, and make that assumption,

does Manson consider it appropriate to ignore data where the
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stresses are 18 percent lower?

A (Witness Bush) Calculations I've seen, by any
of these techniques -- when you're substantially below the
stabilized endurance limit, essentially nc consideration is

given to the values.

Q My question is: does Manson consider it appropriate

to ignore data which is 18 percent lower?
A (Witness Bush) I cannot speak for Manson per se.
I can only speak for the sources I examined which utilized

the Manson approach.

Q All right. What source was that?

A (Witness Bush) Primarily Collins. i

0. And.does Collins believe that it's appropriate to é
ignore -~ | | |

A (Witness Bush) As I indicated -~ '

Q Let me finish this question.

A (Witness Bush) Sorry.

Q Does Collins believe and state that it is appropriate

to ignore data which is 18 percent below, in this case, the
3300 kilowatt stresses -- if, in fact, that 18 percent is
correct?

A (Witness Bush) As I interpret Collins' commentary
on Manson, with regard to values substantially below the
endurance limit, he would rot consider that as a contributor.

Q You keep saying "substantially", and I keep saying

1
?
|
|
{

|
|
|
i
|
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! "18 percent". So let's find out whether, in your view, i
2 Collins believes that an 18 percent differential is substantialL
3 in the way that you've used it. |
‘ 4 A (Witness Bush) I cannot predict what Professor
5 Manson, or Dr. Manson, would have said in that case. All I
6 can say is that the utilization of the data below the f
7 stabilized endurance limit, based on all the experience I1I've '
8 seen in any type of case, I would not be concerned with it, f
9l no matter what system I used for analysis.
10 Q And the fact is that you are now saying that you |
n believe that 18 percent is substantial, but you don't know
12 whether Professor Collins believes 18 percent is substantial |
. 13 in the way you've used it; isn't that right?
" MR. STROUPE: Objection. Asked and answered.
15 JUDGE BRENNER: Overruled.
"d WITNESS BUSH: All I can say is -- well, the way
7| we did the analysis is --
18 BY MR. DYNNER:
" Q Will you answer the question, please? And then
20 you can explain. That's correct, isn't it, that you determined
21 what you thought was substantially below the required level
. 2 FI and you didn't consider it, but you can't point to any place
23 where Professor Collins says that 18 percent is, in fact,
.‘.*-_'.-_"'t:: substantial enough a difference to ignore, can you?
25 A (Witness Bush) You asked me the wrong question,
|
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sir, and I -~

JUDGE BRENNER: Dr. Bush, you have to try to
answer his question; and then you can explain it.

BY MR. DYNNER:

Q That's true, isn't it?

A (Witness Bush) I don't consider it true. That
is the problem I have. I cannot answer a half-truth. That's
my difficulty.

Q Let me try to restate, to clarify the gquestion,
Dr. Bush.

It's true, isn't it, that you cannot show me any
place in which Professor Collins says that it's all right to
iqnori data where there is an 18 percent diftcraétial.’ Isn't
that right?

A (Witness Bush) He doesn't even refer to that type
of an approach, so I can't say.

Q Okay. Does Professor Collins say that it is all
right to ignore data where there is a substantial difference

in the stresses?

A (Witness Bush) If the values are below the
endurance limit, he says yes.

Q All right. Does Professor Collins ever say that
data which is 18 percent below other data is a substantial

enough difference to ignore?

A (Witness Bush) If you will define what you mean




! by "other data", I might try to answer the question.

2 0 Well, we're talking in this case about 3300 kw

3 data, that is, data showing the hours accumulated at that load
4 versus, in our hypothetical, 2800 kw data. And as I understand

5 your testimony, you're saying that under the Mason approach

6 it's all right to ignore the hours run at 2800 kw. 1Isn't
|

7 that correct? 1Isn't that what you're saying?

8 A (Witness Bush) That is because all of our numbers ==
9 Q Isn't that what you're saying?
10 A (Witness Bush) All right. '

" Now, you are postulating that the difference in

12 stresses between 2800 and 3300 is about 18 percent; is that

Bl right? ' -
b h (Witness Eush) I'm not postulating. That's what

15 I looked at this moraning, and that's what it indicated it was.
16 Q Those are the estimates that you made?

'7" A (Witness Bush) That's the estimates I made; that's

18 correct.
" 0 All right.
20 Now, do you believe that that difference is

21l gubstantial?

a2 A (Witness Bush) Yes. That is substantial. .
® 0 All right. |
24

AP Now, is there anywhere in the Collins book where
25

Professor Collins states that a difference of that magnitude -~
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that is to say, 18 percent -- is substantial enough that you

need not take into consideration the cycles run at 2800 kw?

MR. STROUPE: I'm going to object to that question.

I don't, frankly, see what difference it makes what Professor
Colline says one way or the other to this inquiry.

JUDGE BPENNER: You don't think it's relevant?

MR. STROUPE: I don't think it's relevant.

JUDGE BRENNER: Well, that will be overruled. I
thought you were going to renew your asked and answered.

I think it has been asked and answered now, Mr.
Dynner.

MR. DYNNER: Has it been answered "Yes"?

JUDGE BRENNER: 1It's been answered. 1I'll give you
the answer. 1It's been answered that Collins doesn't express
it in those terms. And through this series of questions you
asked -- which we gave you ample leeway to ask -~ about his
position, I have some confusion, if you are going to leave

this point, that I would like to ask about.

MR. DYNNER: 1I see.
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at some data here, and ask your questions.

JUDGE BRENNER: Dr. Bush, you say that in your
view the stress differences between those at 3300 kw and
those at 2800 kw were substantial, the difference was
substantial -- correct? -- in your view.

WITNESS BUSH: Yes.

JUDGE BRENNER: All right.

And you also thought that as a reasonable
approximation it was okay if you wanted to extrapolate the
data to learn what the stress was Bt a value in between
3300 and 2800 to assume that the progression was linear. 1Is
ﬁhlt also correct?

nxiuzss BUSH: I didn't use it but that's correct.
The ervor that would be introduced I think would be nominal
under those circumstances.

JUDGE BRENNER: All right.

Now is it also correct that yo. testified chat the
d ifference in the crankshaft stresses at the measured values
from 3300 kw to 3900 kw was not substantial?

WITNESS BUSH: Tbat's correct. We're talking of a
few thousand psi on bending and somewhat less than that on
torsional stress.

JUDGE BRENNER: Did you also say that if you

wanted to perform an extrapolation in that range to arrive

Judge Brenner, please go ahead, while we're looklng,

|
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at the stresses at values that were not measured, it would
be reasonable as an approximation to assume that the
progression would be linear there, too, in that range?

WITNESS BUSH: That would be the way I would do
it as a first approximation. That's correct.

JUDGE BRENNER: Jddge Morris suggests I should
specify the range. I'm talking now about 3300 to 3500 to
3%00.

WITNESS BUSH: I would have to extrapolate it
when I did this to 3300, but I would have interpolated, for

example, between 3500 and 3800.

JUDGE BRENNER: Doés the linear angle shift

suddenly at 3300? 1Is it linear from 2800 all the way up to
3900, or is there a sudden shift, yet still linear, at 3300,
a change of slope.

WITNESS BUSH: I suspect if one were to take all

the data which, as I indicated, we didn't have at that time

fwould have -- would not have a linear relationship. Then one

would be able to pick off of that particular curve what they
are.

We were faced with having data points at 3800 and
3500 based on the strain gauge data, and an extrapolation to
3900 because I don't believe any strain gauge data exists at

that value, and then we could extrapolate from 3500 to 3300,

and plot them over theYentire range, that one _
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‘L' assuming a similar relationship to that that occurred between

38 and 35.

JUDGE BRENNER: I guess if you've answered my
gquestion I've missed it.

Would you expect a sudden change in slope aﬁ
approximately 3300 kw?

WITNESS BUSH: No, I wouldn'‘t. I would expect \
any change to be gradual.

JUDGE BRENNER: All right.

Is there an incensistency in your testimony as to
what you would expect to ocvcur in the range of 3300 to 3900
as compared to what you said you believe occurs in the range
of 5800 to 3300 if there is no sudden change in slope at
3300?

WITNESS BUSH: Well, I didn't think so or I don't
think so because every case we examined in the range of 3300
to 3900 indicated to us essentially that we were at or below
the endurance limit and therefore, anything below that we
wouldn't consider as contributors, no matter how many cycles.

So even thought I was unaware of those, I would
have probably given them kind of second- or third-order
credence.

JUDGE BRENNER: Yes, but I'm asking now just about
the quantification of the differences in the measured stresses

at the points for which you had measurements, and I will try

I
|
!
|
|

|
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to state it broadly.

I don't understand how you can say the changes,
as a matter of gquantification now, are insubstantial between
3300 to 3900, yet substantial between 3300 and 2800, yet
also tell me that it would be reasonable as a first-order
approximation to assume linearity for purpose of extrapolation
a nd also to tell me that there is no sudden shift in the
slope, or any significant shift in the slope at around 3300.
And that's why I'm confused.

WITNESS BUSH: Obviously we didn't even consider
the cases below 3300. The data that were used in the
reference 1 cited this morning gave us the strain gauge
values at 3506 and at 3800. The difference there essentially
is 4 percent.

By extrapolation one comes up with a 5 percent
value at‘3900, and by extrapolation backwards you come up with
a change of about 2-1/2 percent at 3300. That's as far as we
took it of course.

So the questions I have been asked below that one
are-- Until I had seen the report that I looked at this
morning, I had never seen these data before.

JUDGE BRENNER: But you looked at a measurement
at 2800. Correct?

WITNESS BUSH: This morning?

JUDGE BRENNER: Yes.
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WITNESS BUSH: That's the first time I ever saw it.

JUDGE BRENNER: And you told us it was 18 percent
below, or approximately, than the value you saw at 3300,
wasn't it?

WITNESS BUSH: Yes. That's a difference of about
500 kilowatts which-- It is somewhat larger incrementally

than one would see in the other range.

JUDGE BRENNER: I'm sorry, 1 thought "the difference |

between 3300 and 3900 kilowatts would be 600 kilowatts;
therefore, I thought it was comparable to talk about tnose
two ranges.

WITNESS BUSH: Oh, I was-- The 500 I was talking
about was below that, and the difference there would come
out to be about, assuming a reasonable extrapolation both
ways, about 7-1/2 to 8 percent. The other one would certainly
be larger, and I can't profess to say what because as I say,
the first time I saw the data was this morning, below.

So my testimony essentially is based on 3300 to
3900 because those are the only cases we examined.

JUDGE BRENNER: I guess my question comes down to
aren't some of the assumptions that you told us you were
making in doing some of the extrapolations inconsistent with
what the measured data show, according to that report that
you looked at?

WITNESS BUSH: We were trying to.... You are
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1 comparing a report that was written some time ago to something
2 that I had never seen until this morning, so that's a little
3" difficult.
. 4) JUDGE BRENNER: But you're the one who-- I'm
L] sorry. Go ahead.
6 WITNESS BUSH: Well, I was asked a question and I
7 tried to answer it. Perhaps T shouldn't have.
8 JUDGE BRENNER: But you're the one who changed
9 your testimony that --"based on my extrapolation of data in
10 the report,"et cetera, and I thought in your oral testimony ‘
n here you indicated how you were relying on that data for your
12)| conclusion.
. 13 WITNESS BUSH: Well, I certainly wouldn't expect--
‘l. Between 35 and 3300, in the absence of a point, I would not
15|| expect a major change. That's about all I can say under the
16 || circumstances.
17 JUDGE BRENNER: Let me try something a little
18|| different.
19 if you assume with me for the moment that we have
20| testimony on the recorc from Professor Sarsten that he does
21| not have reasonable assurance, using his methods of calculation--
22| Let me amend that -- using the methods of calculation which
. _ 23|| he deemed appropri: for whatever standard he was employing,
24

+ Ace-Feders! Reporters, Inc.
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be it the DEMA standard or something else, that he testified |

he did not have reasonable assurance that the crankshafts
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would meet that standard at 3500 kw.

And if I now wanted to apply some of what you're
telling me as to judge the acceptability of the crankshaft
at 3400 kw or for short-term operation in the range of 3400

to 3500, is there any way I could explore with you whether

or not I was on an equal footing in making those comparisons
with the say Professor Sarsten arrived at his earlier
conclusions in order to compare it with the information you
could give me today?

WITNESS BUSH: Judge, I think we're comparing .
apples and oranges, to tell the truth. |

‘There isJa large difference-- I looked at this ,
not in the context of whether it met a standard or not, but-
whether there were appropriate margins so that I could
attest to the reliability of these crankshafts under certain
operating conditions so that, say under an emergency, there
would be an acceptably high probability that they would
function without failure for the necessary period.

And that is different from a comparison against
a standard with an undefined margin of safety. You could

exceed those values and I think if Professor Sarsten were

were-¢ And we did talk about tPis. He certainly recognized
the difference between meeting a standard and stating that a
crankshaft would fail. They are not the same thing at all.

MR. DYNNER: Objection.
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JUDGE BRENNER: I am not going to rely on that.

: MR. DYNNER: I move to strike that.
¢ JUDGE BRENNER: All right, granted.

. 4 I was only going to add we talked about those two
S things quite a bit previously, and I am reasonably confident,
¢ although I don't have a specific recollection, that among
7 others, Professor Sarsten was asked questions going to that.
’ Certainly others were.

’ All right. I think your apples-and-dranges

- observation answers my rather broad question.

o This isn't a question but let me just state for
1’ the record so the parties can ;hink about it as appropriate

. R in questions or.findihgs or whatever, it 'is poséible that
- one might perceive and I might presently perceive that we
" have an agreement of the parties, including the Staff, that
" the crankshafts are acceptable at 3300 kw.

- I don't know all the details that led to that
1 agreement. We've accepted the agreement. It references the
” fact that because all the parties agree the crankshaft meets
® the various standards included in the contention or the
a guidelinesn, whatever you want to label them, and we also may

. 12 have testimony -- I'm certainly not saying now what the

s testimony is; I'll check it, but testimony and emphasis in
i '.”".mzz_ the Staff's proposed findings based on that testimony that
- there is not reasonable assurance that the crankshaft meets
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at least some of those guidelines or standards at 3500 kw.

So if one might then take that information and
say well, you know, something signi '‘cant in somebody's mind
occurs between 3300 and 3500 kw, anc then I have to match
that against testimony by some witnesses that nothing
significant in terms of stresses happens between those values,
and that's something that we'll have to think about.

Now maybe some of the assumptions I just told you
will have no record support, in which case that would take
care of it. But to the extent there might be record support
for some of those it is something we'll have to pull
together, and it would behoove the parties to'think about
pulling together in their proposed findings.

And that relates to what I said before aﬁout
using the existing record in the proper context, the earlier
record in context with what parties are asking the Board to
find now.

All right. I'm sorry I interrupted you as much
as I did, Mr. Dynner.

BY MR. DYNNER:

Q Dr. Bush, isn't one of the purposes of doing your
Manson analysis to determine the endurance limit of the
crankshaft?

A (Witness Bush) Yes, sir.

JUDGE BRENNER: Mr. Dynner, forgive me. 1 must
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state one more thing. ;'
Implicit in everything I said was the possibility

that we would find that there is going to be operation above

3300. It is also open to us to make certain findings with

respect to that question. But of course the parties, when

they prepare their proposed findings, cannot assume that we
would make the other finding.

Forgive me.

BY MR. DYNNER:

Q Given that answer, Dr. Bush, how can you ignore I
loads below the endurance limit as you testified that it was
okay to do?

A (Witness Bush) Because they don't contribute to
the failure mechanism.

] But you don't know what the enduraace limit is.

If you are carrying out the Manson analysis in part
to find out what the endurance limit is, then how do you know
what loads to exclude because you don't know what the
endurance limit is.

A (Witness Bush) The primary basis for establishing
the endurance limit was the fact that the crankshaft
underwent 10 to the 7th cycles at and above 3300.

Q Yes. And now I would like you to answer my questioni

If the purpose or one of the purposes of your

Manson analysis is to determine tiie endurance limit of the
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crankshaft, how do you know what loads to ignore that are =--
guote =-- "below the endurance limit" =-- unquote?

MR. STROUPE: Asked and answered, Judge Brenner.

JUDGE BRENNER: I am going to overrule that. You

Aigiijﬁé correct but I am not convinced that we will get the

same answer.

WITNESS BUSH: If I can explain my thought process
I could indicate. I don't know how to do it otherwise, to

tell the truth.

What we did was we worked back from an obvious

situation, namely that this crankshaft had seen a fixed number

of cycles at a series of loads. A very important factor iu
our evaluation was that there was a careful examination of
this crankshaft after 10 to the 7 cycles which established
that there was no evidence of flaws at or near the surface.

Therefore, that would indicate to us rather
definitely that, given the combination of loads at and above
3300 that the endurance limit indeed, based on analysis,
would be around 3400 plus, between 3400 and 3500 at a minimum.
It does not say it is that low; it simply says that we feel
under the circumstances that we can unequivocally establish
that it is at that level or above, but we cannot quantify it
precisely as to how much higher it is.

The calculations that we did then were essentially

as a cross-check agairnst what I call the physical evidence
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that was established by the run at 10 to the 7th. ;
BY MR. DYNNER: i

Q Let me ask you this:
As I understand what you're saying, do you assume

that because the crankshaft ran for about 227 hours at or

above 3500 kw and upon later inspection there were no cracks,
that that establishes that the endurance limit would
necessarily be at around 3500? 1Is that what you're saying”
A (Witness Bush) You have to include the hours at
3300, too, in that analysis because the inspection was done
after that, and we had essentially 7 times 10 to the 6th
cycles at 3300 which is a very important contributor because
if indeed the endurance limits had been ‘quite low, since we :
had 3 times 10 to the 6th cycles at and above 3500, and if
indeed the endurance limit had been substantially above 3500,
I would have said that there was a very high probability,
almost a virtual certainty that we would have initiated
cracks, as was done in the earlier crankshafts under those
circumstances, and then the 3300 kilowatt loads would have
simply served to propagate the cracks, and in my estimation,
possibly to failure, but most certainly they would have been ;

highly visible.
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|

|
Q You said if the endurance limit had been substantially

highar than 3500 or 3430, as you sometimes say, you would g
have expected that any cracks would have propagated, is that
correct?

1 (Witness Bush) If I said higher, I should have

said lower.

In other words, the situation of concern would be
where our stress -- all of our stresses are well above or
above the endurance limit and the number of cycles are
sufficient to exceed the S-N line under these circumstances,
the slope, and so we would expect the initiation of crack;

in other words, we have exceeded the high cycle fatigue

"limit by the combination of loads.

Q Would it make any difference whether the operation
at the lower stress levels of 3300 had taken place before
rather than after the 220 hours at 3500 or above?

A (Witness Bush) It could have.

JUDGE BRENNER: Mr. Dynner, we could take a
mid-morning break whenever it's convenient. Even though the
Board and the parties have not been here that long, given
the false starts this morning, I think the witnesses have
been in the room doing various things since 9:00.

MR. DYNNER: If I can just ask one more question.

BY MR. DYNNER:

Q It's true, isn't it, Dr. Bush, that the original
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crankshafts saw a large number of hours at loads well below

2 3500 Kw before the final loads at around 3900 Kw where they ;
3 broke or where later cracks were developed, isn't that true? {

‘ 4 A (Witness Bush) Yes, but that's only part of the '
S story.
6 My reading of the record indicates that there had
7|l been previous cracks at the lower loads that were actually
8 removed, that had been ground out and they went on, and
9 certainly that to me is a significant fact that we were in
0 the stress pattern, we were in the stress regime in that
" respect. At least that was my interpretation of some words

. ‘29 in that one.

. ]3‘; Q 1f you are incorrectAabout that and if in fact
"] there were no cracks that had earlier been found and ground

il
lsﬁ out, then that answer would not be correct that you just gave,
]6! isn't that right?
‘7§ A (Witness Bush) If there were none earlier, then
. 18| it would have tended to be controlled by the final part of

’9! the history at the higher loads,
20 MR. DYNNER: We can take our break now, if you wish,
a Judge.

‘ 2 JUDGE BRENNER: Let me just ask Dr. Bush:
3 With respect to what you thought, I think you said,

- .-nn.tii the record showed, did you mean the hearing record?

- WITNESS BUSH: This I took off some of the reports
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that I can't be absolutely sure were bound into the record.

I have handwritten notes on that. But unfortunately I'm not

completely aware of what did get bound into the record and
what did not get bound into the record.

JUDGE BRENNER: All right. Let's break until

10:5S5.
(Recess.)
JUDGE BRENNER: Back on the record.
BY MR. DYNNER:
Q Dr. Bush, were you here during Dr. Pischinger's

testimony about the cumulative damage analysis that he had

performed?

A ( Witness Bush) I heard portions of it.

Q Did you have an opportunity to review Dr. Pishinger's

cumulative damage analysis?

A ( Witness Bush) I read... You're talking about the

latest package?

Would you define which one you're talking about?
Q I'm talking about the cumulative damage analysis
that Dr. Pischinger testified to yesterday.
Do you recall that, where he was testifying about
the results of his cumulative damage analysis as to the
stress differential between 3300 Kw and 3500 Kw?

A (Witness Bush) Well, I'm not sure I heard those

numbers. I came in on only a portion of that discussion.




28,639

wb2 ! Q So you're not familiar with that particular analysis;
2 is that right?
3 A (Witness Bush) I am aware of what I read here,

. 4 and I'm aware of what I heard yesterday only in that portion,
5 yes.
é I don't know how much I missed, in other words.
Y Q And you don't recall reviewing any documents which
8 set forth that particular analysis, do you?
’ A (Witness Bush) No.
» Q Will you please turn to page 17 of your testimony.
n You have a reference in the first paragraph to
1 l x 10 to the 6th cycles. How many hours of operation is

. 13 1 x 10 to the 6th cycles as you are refarring to it there?
o A (Witness Bush) That's a generic statement. It has
15 nothing to do with hours as such.
¥ Q You cannot translate the number of cycles into the
7 number of hours without knowing what the rpm of the engine is;
. is that right?
s A (Witness Bush) That's correct.
% Q Is there any other data you would need to know to
21 transfer that cycle data into hours?

. 2 A (Witness Bush) No.
23 Q And that paragraph refers to Table 1 which is on

e 3: page 18 and page 19 that follow; is that correct?

» A (Witness Bush) That's correct.
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If you wish me to relate it to the specific hours
that will be required in the case of the Shoreham crankshafts
I can do that. But these data are not related specifically to
the Shoreham crankshafts.
Q. Yes.
Well, let's take a look at Table 1 for a minute,
please. You said that several of the values in this table
are for aircraft or automobile crankshafts. And I notice
that you have a Footnote A which shows that -- I think there
are four crankshafts that are listed there that are aircraft
engine crankshafts; is that right?
A (Witness Bush) Yes, sir.
Q And are the rest of thé crankshafts on thi's table

automobile crankshafts?

A (Witness Bush) These data-- Oh; the other

reference, 5, which cites automobile crankshafts are-- Indeed,

that is the case; they are automobile crankshafts. The

others are not necessarily; they are simply cyclic fatigue

data, high cycle fatigue data, to indicate that you would

expect the onset of the endurance limit to be in the vicinity

of 1 x 10 to the 6th to 2 x 10 to the 6th. That was the

purpose.

Q I want to make sure that I understand your answer.

Reference 5 appears to be,on page 19, from the

American Society of Metals, ASM Metals Handbook.
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A (Witness Bush) That's correct.
Q Is it your understanding that everything you cited
from that handbook is automobile engines -- automobile

crankshafts except the aircraft engine crankshafts that are
cited in Footnote A?

A (Witness Bush) No.

Q Well, then, I don't understand.

Is it your testimony that all of the crankshafts
listed on Table 1 which show Reference 5 are automobile
crankshafts?

A (Witness Bush) Reference 5 covers material -- items
other than automobile crankshafts.

¢ ° All right.

Now, let's start down the list.

A (Witness Bush) All right.

Q Let's take the first one, which says-- I guess the
easiest thing is to refer to the material. --1047 steel.

What kind of crankshaft is that?

A (Witness Bush) It isn't a crankshaft. I never
professed that this table.... It just by happenstance includes
crankshaft data.

The whole purpose of this table is to establish
where I would expect the onset of the endurancg limit, and
whether I did it on rotating bend specimens or whether I did

it on full-scale samples, or whether I did it on bending
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samples or something, the purpose was not to relate it to
crankshafts, the purpose was to indicate that, by and large,
the onset of the endurance limit falls within a fairly narrow
band; nothing more than that.

Q Well, what kind of component was this first one
that is made out of 1047 steel?

A (Witness Bush) It probably wasn't even a component,
it was probably a fatigue test.

Q It might have been a steel bar, or it might have
been something else?

A ( Witness Bush) It could have been.

Q So is it your testimony that it doesn't matter
whether or not some of these items were crankshafts or not;
is that right? | |

A (Witness Bush) By happenstance I found data that,
indeed, represented results on crankshafts. My purpose

basically was to establish where I would expect the endurance

limit to initate under high cycle fatigue in ferritic material. |

That was the purpose. I wanted to look at a range of heat
treatments, a range of compositions, to see if there was --
or surface treatments, to see if there was any particular
variable or parameter that would grossly affect the onset
of endurance limits. That was the purpose of the table.
JUDGE BRENNER: Dr. Bush, forgive me. I don't think

you answered his question. It would assist us if you could
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try to focus on the words of the gquestion, and try to answer

it in the terms of the question as asked. And then, of

course, you can supply any explanation. Because, otherwise,
I have to wade through four or five sentences of transcript

when one sentence might do, to find out what your answer is.

Believe me, your testimony is important to us.

And when I go back to the cold transcript late- I want to
understand what it is. ;
Could you ask the guestion again, Mr. Dynner?

MR.DYNNER: 1I'll try to rephrase it.
BY MR. DYNNER:
Q Is it your testimony that it is irrelevant whether or:
not any of these items on Table 1 are or are not crankshafts?
A (Witness Bush) That's correct. .
Q Well, is it relevant to the high cycle fatigue limit,

or the endurance limit for these items as to what the nature of

the stress is to which they were subjected?

A (Witness Bush) Relevant in what context?
Q In terms of their endurance limit.
A (Witness Bush) Yes, to a degree it would be. But

it would not tend to affect -- it would tend to drop, rotate
downward without shifting markedly in the horizontal plane,
which is what my interest was under these circumstances.

Q What would rotate downward?

A (Witness Bush) The endurance limit under cyclic loads
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compared to what I will call the virgin endurance limit; the
one without any testing will tend to drop somewhat, perhaps not |
a great deal.

The purpose of this examination was to examine

whether the values would tend to fall in a relatively narrow

banéd with respect to the horizontal scale on, namely, the
number of cycles. That was the only purpose of this table.

Q If you can, I would like for you to give me an
example. Let's take one of these aircraft crankshafts, let's
take the second one, which shows the beginning of fatigue
limit at 1 x 10 to the 6th cycles.

This table shows the location of the iniqiation of

the endurance limit -- is that correct? --for that crankshaft?
A (Witness Bush) That's right.
Q And does that mean the place in which -~ the cycles

under which you would expect to find a crack initiating?

A (Witness Bush) No.

Q --if it was above that endurance limit?

A ( Witness Bush) Oh; I'm sorry.

If it were definitely above that one, and if I

exceeded a given number of cycles -- in other words, I
crossed the transverse line, then there would be a definite
possibility of a crack initiating; that's correct.

Q And if it was below the 1 x 10 to the 6th cycles for

this particular crankshaft, is it your testimony, then, that
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you wouldn't expect o have a crack initiate?

A (Witness Bush) That's a function of the stress.
You would have to define the stress for me.

Q Yes; well, I was about to ask you to do that for me.
Because what I don't understand is, if you have that crankshaft
subjected to 500 kilowatts versus 5000 kilowatts, that would
make a very large difference as to when you would expect to
find a crack initiate, wouldn't it?

A (Witness Bush) If I could use some type of -- degree
of relationship to convert kilowatts to stress, for example,
and if the stress in the one instance -- let's say your
500-kilowatt example -- should be far, far below the endurance
limit, I would expect essentially no effect. . .

On the 5000 kilowatts, if I had an endurance limit -~
which I will cite in kilowatts -- of, say, 4000, just for a
round number, if I had enough cycles at the stress that
corresponds to 5000 kilowatts I would expect that component to
fail.

Q So you'd have to know what the endurance limit is in
order to make sense of this Table 1?

A (Witness Bush) No; because the purpose of this
table was simply to establish where I would expect the onset.
So I'm concerned here with the sloping line, the S-N line on

there, so that I could use it as a basis, first, for

interpreting -- well,in such a thing as a Manson analysis, and,
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secondly, to give me a degree of confidence with regard to the
actual experimental data under which the Shoreham crankshafts
were -- to which they were exposed.

Q When you say "onset," do you mean the beginning of
the fatigue limit?

A (Witness Bush) I'm concerned hare with the inter-
section of the S-N line, the one that goes from the ultimate
down and intersects the endurance limit. And my interest was
to establish essentiully how many cycles would I expect on a
repetitive basis in ferritic materials -- where would I
expect that line to fall. That was the real purpose of this
one. And that's the only purpose.

Q Is that intersection the same as what is called
on this Table 1 "Beginning of fatigue limit?"

A (Witness Bush) Exactly.

Q Could you define for me what is the beginning of the
fatigue limit in words; in other words, is tha£ where you
would expect to find a crack to initiate, or is it something
else?

A (Witness Bush) 1In this case it is simply the point
of intersection of the line, the sloping line that extends
from, say, the ultimate and intersects the horizontal endurance
limit line. That's what it is.

Q So you would not necessarily expect a crack to

initiate at the beginning of the fatigue limit; is that right?
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A ( Witness Bush) For clarification, if you want to look

at Figure 2 on page 20 and at the dark line in there, the
intersection point I'm discussing would be where the two lines
cross.

Q My gquestion was: You would not expect to find a
crack to initiate at the beginning of the fatigue limit,

would you?

|

|
i
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A (Witness Bush) You're defining now the value that

corresponds to a stress at that value and at that number of
cycles. I want to be sure I understand what you are asking.

Q I'm asking you a question that is simple.

There's a column here. It's entitled "Beginning

of Fatigue Limit."

A (Witness Bush) That's right.

Q And my guestion is would you or would you not
expect to find a crack initiate at the beginning of the

fatigue limit?

A (Witness ‘Bush) I wouldn't expect that, no.
Q All right.
A (Witness Bush) But the statement there, that

presumed that I've run a cyclic load at that particular stress

to that number of cycles, and that's the only thing that I'm

responding to when you asked that particular question.

Q Right.

So in order to answer that question you would have

to know what the stress level was with that number of cycles --

Isn't that right? -- before you knew whether or not a crack

could be expectéd to initiate?

P (Witness Bush) You are reading more into the table

than was ever intended there.

To answer your question, given a specific case with

a specific component, and given the knowledge of where the

|
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onset was, I would have to know the stress.

Q Well, what difference does it make what the |
beginning of the fatigue limit is for the Shoreham crankshafts?
In your analysis what difference does that make?

A (Witness Bush) A great deal. If I swing the--

Let me refer again to Figure 2 whcee I have shown that \
nominally at 10 to the 6 -- and let's cite a hypothetical
case where the onset were either say 10 to the 5, which means
that that sloping line rotates markedly to the left,
recognizing that we have a log scale, or we can go thg other

way which is the more probable one, fip to 10 to the 7.

In the analysis that I do by the Manson approach or i
by the Miner rule, et cetera, is.going to be based 6n |
essentially the length of that line for a given stress level
to where it intersects that sloping line. And therefore, the
position of that sloping line is a very critical factor indeed.

And what I was attempting to establish in this
table was that as a first approximation, a value close to
l x 10 to the 6 is very important.

Q Yes.

And therefore, for example, if you found that the
beginning of the fatigue limit or of the endurance limit was
10 to the 7 rather than 10 to the 6, that would have an
important impact on the validity of your analysis, wouldn't it?

A (Witness Bush) It would be extremely important;
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that's correct.
Q Okay.
Now you came to your conclusion that the fatigue
limit is close to 10 to the 6 cycles by reference to Table 1.

Is that correct? By your analysis of the data on Table 1?

A (Witness Bush) " I said about 10 to the 6; that's
correct.
Q Is it correct that you came to that conclusion on

the basis of the data on Table 1?

A (Witness Bush) That's right.

Q Now that would depend, as I understand your
testimony, on which of the items in Table 1 are made out of
tée same or similar material as the Shoreh;m crankshafts.
Isn't that right?

A (Witness Bush) No, I'm sorry, it is not right.

And the whole purpose of this table was to cover a spectrum

of compositions of steels, and a spectrum of heat treatments,
and indicate that the onset of the fatigue limit is relatively

unaffected by these parameters. That was the whole purpose of

this table.
Q Well, take a look at the third paragraph on page
17.
In that paragraph I am right, aren't I, that you

tried to make some kind of comparison between the steel in

the crankshaft on EDG 103 and some of the materials in Table 1. |
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Isn't that right?
A (Witness Bush) Yes.
Q Okay.
Well, what is the relevance of making that comparisonp

2 (Witness Bush) I think it simply is a further

convincer if I can indicate that I have a steel that has a
comparable composition and if I can also indicate that,
regardless of composition or heat treatment, I don't expect

a major variation, that I simply find that as further
convincing evidence.

Q All right.

So you say in that paragraph that the EDG 103
crankshaft is ABS Grade 4-S, and that corresponds roughly
to AISI 5050 steel in composition.

Is there any item on Table 1 that is made out of
AISI 5050 steel?

A (Witness Bush) No.

Q When you say in the next sentence in that paragraph
the tensile strength is about 100 ksi and the yield strength
is about 60 ksi, are you referring to the crankshaft material
or to the 5050 steel material?

A (Witness Bush) That's the crankshaft material.

Q And then you refer to the fact that the mechanical
properties -- and by that you mean the mechanical properties

of the crankshaft steel?
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A (Witness Bush) That's correct.

Q -=- would correspond to some of the 4,000 series
steel cited in Table 1.

Can you identify for me which ones you are talking
about?

A (Witness Bush) Well, depending on the tempering
temperature, the 4140 steel that is cited as the first item
in the second class Number 5, the one that has 1.5 4140
gu: nched and tempered, could well have properties that are
somewhat comparable,

In other words if I tempered back I could get 100
ksi ultimate, and my yield would be_in this range.

Q Well, do you know what the tempering temperature
was on }hat item that is composed of the 4140 steel that you
referred to?

A (Witness Bush) I have absclutely no idea. I was
not concerned with that aspect of it, sir.

Q How closely would this approximate the steel in
the crankshaft? 1In other words, what would be the differences?

A (Witness Bush) Relatively minor differences in

alloy additions.

Q Differences in alloy--

A f(Wwitness Bush) Alloying additions. That's correct.
Q Anything else?

A (Witness Bush) The other obvious variable would be
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the gquenching and tempering conditions for this steel.

2 Q And what do the quenching and tempering conditions-- |

What impact would they have?

. ‘ A (Witness Bush) Well, the severity of the quench

S in materials such as this will essentially give the very high

hardness and a very high strength. It also renders the
7| material fairly brittle, so I then rely on a tempering
8 temperature to reduce the hardness and reduce the brittleness

9l of the material and in the process reduce both the ultimate

"» strength and yield strength. \

i Q And therefore, this particular item might be

2l similar in tensile and yield strength to the crankshafts or
. . . B 4. might .be different, depending upon the quenchir;g and |

" tempering. Isn't that right?

13 & (Witness Bush) Oh, yes, that's quite right.

e Q Are there any other items on Table 1 besides the

v one you just cited which you believe would correspond in

18 mechanical properties to the crankshaft?

° A (Witness Bush) The first item under the aircraft,

20

I could develop the same t¥pe of properties; in other words,
21|l the one that has the value of 0.7 and shows a 4140,x4340

. 2| cteel could do that.

3 I can do the same thing in the automobile

24 ‘
b e . s crankshafts in the normal heat treatment because then I could 1

- get surface properties that are reasonably comparable.
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I could do the same.... Thosz would be the most
obvious ones. I could probably do it in Reference 6 in the
first item because again I could control the guenching and
tempering condition, and I have a sufficiently high
hardenability of these materials that I can in essence exceed
the mechanical properties.

Q If you take the first two examples you gave,
that is to say on page 18, the item which shows a 1.5
fatigue limit, beginning of fatigue limit with the material
4140 and then you go down to the first of the aircraft
crankshafts, that shows a .7 beginning of fatigue limit, and
that is also 4140,x4340.

. That is quite a difference in beginning of fatigue
limit, isn't it, between those two items even though in your
testimony they are composed of basically the same kind of
materiai, because you have got twice as much -- more than
twice as much beginning of fatigue limit of one over the
other, don't you?

A (Witness Bush) I don't consider that a major
amount under the circumstances. In the context of the number
of cycles it would be about twice as many, yes.

Q Well, it would be possible, wouldn't it, that the
number of-- Well, strike that.

It is true, isn't it, Dr. Bush, that as you

previously testified, the geometry of the crankshaft design
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has an important effect on the life of the crankshaft, doesn't
it?

MR. STROUPE: Objection. That has been asked and
answered several times.

JUDGE BRENNER: I thought it was even struck.

WITNESS BUSH: It was.

MR. DYNNER: I will rephrase the question.

JUDGE BRENNER: All right.

Remember we struck answer 5, and we said we are not
going to rely on things derivative of it.

MR. DYNNER: This ir a totally different issue.
It is testimony which I was reminding the witness of. It had
nothing to do with the differences between 33 and 3500 kw.

JUDGE BRENNER: I know the issue is different but
the question of his expertise as to know about the effects of
the complex geometry of crankshafts was part of our ruling.
If you can try to put it in a different context then we'll
evaluate it later.

MR. DYNNER: I will.

BY MR. DYNNER:

Q Dc you know whether or not the geometry of
a crankshaft is important to the fatigue life of the
crankshaft?
A (Witness Bush) Yes.

Q Is it?
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A (Witness Bush) Yes.

Q And do youv know whether or not tne torsional stress
characteristics of the crankshaft have an important effect on
ite fatigue life?

MR. STROUPE: Objection. That again was asked and
answered yesterday, and it is also part of what has been
stricken.

MR. DYNNER: I asked him whather he knows or not.

JUDGE BRENNER: The objection is overruled in terms
of it being part of what was struck. He may know, and we'll
see the context.

If it was asked and answered yesterday, I am
concerned it was in the other context: ‘ . .

What adds to the complication here is that the
attorneys recognize what the County .s probing here is not
something that they want to agree with Dr. Bush on. It
certainly changes the approach of the County here as opposed
to they way they felt about * swer 5.

So for all * ' : ' :asons we will allow the question.

WITNESS BUS!: The torsional stresses are a
significant contributor, yes, providing they are high enough
to be a @oblemn.

BY MR. DYNNER:

Q So in setting the endurance limit it would be

important to take into consideration the torcional vibratory
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stresses as well as the geometry of a particular crankshaft,
wouldn't it?

A (Witness Bush) That is one of the purposes that
by happenstance came out of this table, namely that these are
actual data on crankshafts.

Q Yes, but you didn't answer my gquestion.

It would be important to have that information,

wouldn't it?

A (Witness Bush) Yes.

Q But you didn't take iuto consideration the geometry

of the crankshafts or their torsional vibratory characteristics,

that is, of the crankshafts at Shoreham, in establishing the
endurance limit, did you? ' A

A (Witness Bush) No. We depending on experimental
evidence primarily, or essentially; completely.

Q And in fact the geometry of the crankshaft and its
torsional vibration characteristics would indicate that the
proper high-cycle fatigue limit would be significantly more
than 10 to the 6 cycles according to those issues. 1Isn't that
right?

MR. STROUPE: Objection. I don't think there is
any foundation in the record for that question.

JUDGE BRENNER: I need to hear the question again.
I was listening but I lost the gist of it.

(Whereupon, the Reporter read from the record

E
i
|
|
|

|
!
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i ! as requested.)
2 MR. DYNNER: I would also add, Judge Brenner,--
3 JUDGE BRENNER: I'm sustaining the objection, to
' 41l save you the trouble, for the added reason that it is so
S vague that I can't tell if there is a basis in the record
é or not. Maybe you can back up and get at the point in another
7 way, Mr. Dynner.
8 MR. DYNNER: All right. |
’ BY MR. DYNNER: '
» Q Let me put it in these terms: ‘
e The composition of the metal in the crankshaft is ,
n only one item that ne2eds to be considered in determining the l
. 9 location of the initiation of high-cycle fatigue limit for :
" the cranksnaft. 1Isn't that right? |
. A (Witness Bush) That's correct.
ke Q In the analysis that you did, you did not do
7 anything to also take into consideration the torsional stresses |
18 or the geometry of the crankshafts. 1Isn't that correct? |
” A (Witness Bush) We used the stresses in combination
20 with the bending stresses to do our analyses after the fact
211 and to convince ourselves that -- or you might say to validate |
En' 2| the test at 10 to the 7 cycles. ;
23 |
2% |
' Ace-Feders! Reporters, Inc. |
25 |
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0 Dr. Bush, in the analysis that you conducted under

the Manson approach, did you assume any particular sequence

of loads?
A (Witness Bush) Yes.
0 Could you tell me what sequence of loads and times

for those loads that you assumed?

A (Witness Bush) 3900, 7 hours -- |

i
(0} I'm sorry. Would you repeat that? -
A (Witness Bush) 3900 kilowatts, 7 hours; 3600 i

kilowatts, 101 hours; 3500 kilowatts, 119 hours.

The next case considered the 3500 first, the 3600

second, and the 3900 third. |

The third case considered the 3500 first, the 3900
second, and the 3600 third.

The fourth case considered the 3900 first, the 3500
second, and the 3600 third.

The sixth case considered the 3600 first, the 3500
second, and the 3900 third.

The next case was 3600, 3900, and 3500.

Another case was 3500 plus three cycles of 3600,
each cycle being 2200 hours, 39(0 for two hours, plus a cycle
of 3600 for 23 hours, plus 3900 for one hour, plus 3600 for
twelve hours, plus 3300 for 525 hours.

JUDGE BRENNER: I lost you somewhere. Did you say |

one of them assumed 2200 hours, in the last sequence you gave,
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Dr. Bush?

WITNESS BUSH: If I did, I misspoke myself. 1I'll
go over it again.

3500, 119 hours; three cycles of 3600, 22 hours
each cycle; plus 3900 kilowatts for two hours; plus one cycle
of 3600 for 23 hours; plus 3900 kilowatts for one hour; plus
3600 kilowatts for twelve hours; plus 3300 kilowatts for 525
hours.

JUDGE BRENNER: I must have heard that 22 hours
incorrectly. I'm sorry.

BY MR. DYNNER:

0  What was the basis for your selection of that last

analysis, or that last sequencing?

A (Witness Bush) Well, we discussed this, and in the

absence of documented evidence, which we unfortunately had not |

been able to obtain, we believed that probably the higher

kilowatts -- namely, the 3600 -- was not run all at once. And

the same thing applied to 3900. It was a very arbitrary
assumption. We considered that would be a reasonable basis,
based upon experience of the diesel generator experts as to
how you would test it. So this was a collaborative effort on
the parts of Messrs. Sarsten, Henricksen, and others who were
in attendance at that particular meeting but who have not
participated in these hearings.

Q So, as I understand it, all of the sequencing of

i
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models, if you will, were based upon assumptions rather than
upon actual facts? In other words, you didn't know the
number of hours that the engine was run in particular
sequences. Is that right?

S (Witness Bush) That's correct. We were unable to
obtain the data. :

Q Why did you, in one case, break up the 3600 hours,

but you didn't break up the 3500 hours in any cases? Was there
any reason for that?

A (Witness Bush) Nothing particular. We could have ?
broken that one up, too. It was just -- what we were looking
at was to see if there was much significance.

- I might codmment that no matter what condition we
got aosout the same answer, namely, none of them seemed to be
significant, which 1s one reason for the degree of confidence
in the fact that we probably have an endurance limit that is
certainly around 3500, or very close to that -- possibly
higher.

Q What stresses 4id you assume at these various levels
of kilowatts?

A (Witness Bush) We used the stresses and
extrapolated -- we used the stresses that were available from
the Failure Analysis report. And we were able, then, to use
a number of cycles. We used the maximum -- I want to use the

right word -- the combined stresses that would give us the
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biaxial stress state. And we could use that as a maximum

value and we would then interpolate between a value at 3800 and

a value at %00, and, then, we could -- to get the 3600;
extrapolate to get the 3900; and, again, extrapolate to get
the 3300 value.

Q. And am I correct that that extrapolation was also
done on a linear basis?

A (Witness Bush) Essentially a linear basis; that's
correct.

JUDGE BRENNER: Do you mean you adjusted it some

way? What do you mean by "essentially"?

WITNESS BUSH: Well, I should say "a linear basis".

'wﬁat we simply did is took the two. points we knew and the
citations that -- the 3900, which I presume was extrapoiated
by someone else, represented a one percent change; and then
we used a similar logic to obtain the 3300 value.

BY MR. DYNNER:

Q Your conclusion, as stated on page 21 in the first
paragraph, refers to the probably high cycle fatigue limit.
Can you quantify the probability of that high cycle fatigue
limit that you referred to?

A (Witness Bush) We considered -- all of our
analyses would indicate that it is at, and probably above,
about 3430. I think I can make a convincing argument that it

was close to 3500, and that's about as far as I can go.
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brbs 1 Q The difference between the 3500 and the 3430 would

2 be the allowance for the instrument error; is that correct,

3 Dr. Bush?
‘ 4 A (Witness Bush) That would tend to be the instrument

5 effect, yes.

6 Q Are there any other factors that we should take
7 into consideration in terms of determining that probability,
H such as, for example, the accuracy of your extrapolations?
9 A (Witness Bush) I don't think they would have a

0 major effect, on the basis we worked backwards from the

|
W experimental evidence, namely, the ten to the seven.

|
l? It's obvious that the slope of the line that we :
. Bl used -- in othe:L: words, where it ‘intercepts can have an effect.}
14 My opinion would be it would tend to be a second order effect, I
15 because a ratioing effect -- the ratios would be the same,
16 plus the fact that all of these stresses, whether they be at |
7 3900 or 3300, are fairly closely grouped. I would not be |
18 that confident if there was, say, a twenty percent difference
" between the high stress and, say, the stress at 3300; then
20/ it would be difficult, more difficult, to make that
21 assumption.
. 2 Q Did your cumulative damage analysis come out with E
23 a specific prediction of the number of hours that the crankshaf(:
i M .2': can safely be run at above =-- at any particular level above |
21 3500 kilowatts?
1
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A (Witness Bush) Not in that context. We looked at
the actual data and the fact that one of the conditions was
that further testing would all be at 3300, with the possible
exception of accident conditions.

And, as I say, overy case washed out, which
indicated that we were prcbably below the endurance limit --
or, the summation of these was such that the 3300 pretty much
controlled under those circumstances.

We did not attempt to make a calculation that would
say if I ran it for 500 hours at 3900 what would happen to the
crankshaft.

Q Dr. Bush( take a look, will you, at page 21 of your
testimony. There you say that you believe the crankshaft .
can survive up to an hour of overload to about 3900 kw
without crack initiation, but the probability of crack
initiation. cannot be quantified.

What is the basis for your belief that the
crankshaft can survive up to an hour at 3900 kw?

A (Witness Bush) One factor, of course, is it has
already been subjected to seven hours at 3900. And that is a
part of the analysis that we went through. And there was a
careful examination after 10 to the 7 cycles, with no evidence
of cracking, which gives us a degree of confidence in that
case that a load of limited duration at 3900 shouldn't

initiate cracks -- or, if it did initiate cracks, presuming
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Il
-brb7 ! that further time at a lower cycle is not excessive, would

2 probably not propagate the failure.
: Q Would it bother you, or would it change your

. 4 confidence about the seven hours at 3900 if you knew that
S EDG-102 survived 19 hours at 3900 before it broke in half?
é A (Witness Bush) That's a different crankshaft. ‘
7 Q Yes. |
: A (Witness Bush) And it's a different size. ;
’ 0 Yes. But the concept is the same, isn't it? That |
- is to say: isn't it true that the mere fact that a crankshaft
" survives a particular number of hours at a particular load in é
2 the past doesn't mean that it's going to survive that load

‘ Bl in the future. Isn't that right? i l
L MR. STROUPE: 1I'm going to object to that question. '
- There's no evidence that there was any inspection of that
" crankshaft after those loads.
» JUDGE BRENNER: We had testimony from Mr. McCarthy,
" among others, on that point. But we're going to allow the
" question, to probe this witness' conclusion as it's related
" to some of his other testimony, also -- some of Dr. Bush's
L other testimony.

. 2 WITNESS BUSH: That's a fact that would probably
a give me further confidence, because this crankshaft is a larger

1 ._'“'l:: crankshaft. If I examined the strain gauge data on one of

- the original crankshafts that has cracked, and the cracks
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had been removed, and then at that particular location they
had measured the strains, we would see that we would have
much higher stresses at that location in comparison to the
similar location in the new crankshaft. So, as far as I'm
concerned, that, if anything, would cive me additional
confidence, not lessened confidence.

BY MR. DYNNER:

Q Aside from the fact that the 103 new crankshaft
survived seven hours at 3900, what other factors lead you
to the conclusion that you believe that that crankshaft can
survive up to another hour at 3900?

A (Witness Bush) Well, the combined loads at 35,
36, and 39: the relatively ﬂ;rrow séan of stress levels

over these particular kilowatt values would indicate to me

that if I have a crankshaft that has been carefully examined

after ten to the seventh cycles with no evidence of either
surface or subsurface defects, that a relatively limited
period at 3900 should not lead to failure of the crankshaft.

Q So you are saying -- if we eliminate the 3900,

you are saying that the testing and operation of the crankshaft

at levels of 3500 and 3300 means that the crankshaft can be,

in your view, assured of surviving at 3900 for up to an hour?

Is that right?

A (Witness Bush) I thought I considered all values o]

that would be the 33, the 35, the 36 and the 39 -- and the
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“brb9 1 fact that, after examination, there is no evidence of

2 degradation of the crankshaft. ?

3 Q You don't know whether the crankshaft ran at 3600
. 4 hours for any period of time, do you?
5 MR. STROUPE: Objection. That has been asked and

b answered.

7 BY MR. DYNNER: ;
8 Q At 3600 kw? ;
9 JUDGE BRENNER: I assume you knew it was "kw" i

10 when you objected. I

1 MR. STROUPE: I assumed kw. |
12 JUDGE BRENNER: I'm overruling the objection in

. 13 any event. d g |
14 || WITNESS BUSH: We know thatAthere are some values

15 above that. We do not know the precise one; and we selected
16 the value of 3600 for that purpose. But, if you ask me do I
17 know of the exact level of kilowattage for that period of

18 time, I cannot define it. I think that's why we say

End WRB 8 19 "approximately".
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BY MR. DYNNER:
Q When you say you cannot quantify the probability,
or the probability of crack initiation, what do you mean by
that statement?

A (Witness Bush) Well, if I were to do a probabilistic

fracture mechanics analysis in a case such as this for

this period of time, and given the stresses, I'm pretty much
convinced that it would giw me an extremely low number
providing I keep the time down. I did not conduct such an
analysis. It's not an easy thing to do. Therefore I cannot
put a precise value-- I cannot tell you whether the
probability of its survival without cracking is 10 to the minus-9
or 10 to the minus-7. My engineering judgment is that the
probability is fairly high that it would survive. But I cannot
establish it unequivocally because I don't have sufficient

data.

Q What is your engineering judgment based upon,then?

What is your engineering judgment that the probability is pretty
high or pretty low; what is is based on?

A (Witness Bush) The previous experience with this
particular crankshaft, the 103, the 12x13, and on other equipment
for overloads of reascvnable periods of time, and their
survival under these conditions. Plus the fact that, as I say,
the relative stress at stresses at 3900 versus the stresses at

about 3500 are not that different.
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Q You say in your conclusion that you think the
crankshaft can survive up to an hour. Are you sure about
whether it can survive for twenty minutes or thirty minutes,
or con't you know?

A (Witness Bush) Well, if I said I thought it would
survive for an hour I would presume that any lesser time would
be of lesser significance because it's a direct function of
the number of cycles that it sees under these circumstances.

Q I guess what I'm asking is, Have you quantified the
probability for any lesser amount of time?

A (Witness Bush) No more than I for the forty to
sixty minutes.

Q You state on page 22 that,

"The question is that if a crack initiates
during a LOOP/LOCA will it propagate to the point of
engine shutdown before the engine isno longer needed?"

Do you have any idea of what the rate of propagation
of a crack in a crankshaft would be at 3900 Kw?

A (Witness Bush) I didn't do such a calculation.

It's a fairly straightforward calculation. About all you do
is, you use a fracture mechanics approach on it, you presume
the crack, and you take the number of cycles, and essentially
the load at the crack tip in this case-- In fact, the easiest
way to do it under the circumstances would be to use some of

the plots that already exist, DADN or DADT plots, and one could
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iy wb3 'l calculate in a reasonably s’ raightforward fashion: you presume

2|l the crack and then you see the number of cycles to failure.
3 I've done it on other components, I didn't do it

. 41 here.
5 Q You didn't do it here, and therefore it's true,
6l isn't it, that you don't know how long it would take for a
7| crack in a crankshaft to propagate to failure under any |
8 particular loading characteristics; isn't that right? |
4 A ( Witness Bush) The only way I could do it=-- |
10 Q I just asked you: You don't know, do you; isn't that
" right?
n A (Witness Bush) If you want to ask it that way the |

. 13 answer is vyes. . |
" Q You do know?
3 A (Witness Bush) Yes, I don't know.
Mi Q You don't know. Okay. Thank you.
'”g You also state on page 22 that the only way to
18 quantify your judgment would be to conduct a three-dimensional
" | finite element analysis combining the LOOP or LOOP/LOCA load
20 histories that were imposed on a crankshaft having an initial
211 crack and determine the final crack size.

. 2 Have you conducted such a 3-D finite element analysis?
3 MR. STROUPE: Objection. I believe that was asked

APEp R pu— : and answered a little while ago, Judge Brenner.

- JUDGE BRENNER: Well, I'm not sure. Let's just get a
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short yes-or-no answer. ;
WITNESS BUSH: The answer is, very definitely I have
not done it.
MR. DYNNER: Okay.

BY MR. DYNNER:

o Dr. Bush, on page 22 there is set forth an assumed
LOOP/LOCA load profile. Are vou the one who calculated this ‘
LOOP/LOCA profile from the data that is cited in this Answer 15?

A ( Witness Bush) This came out of the FSAR.

Q Does the FSAR have exactly the same load profile in
it?

A (Witness Bush) I think with the exception of the
first item, which is just a hypothetical one, this was the case.

Q Could you tell me exactly where that LOOP/LOCA
profile is located in the FSAR?

A (Witness Bush) No. It says Table 8.3.1-1A and
8.3.1-2,

Q I'm correct, aren't I, that you would have to take
the numbers in those tables and then do some kind of
calculation in order to arrive at this profile; isn't this
right?

Have you got those tables there? Maybe Mr. Henriksen
can help you out.
JUDGE BRENNER: What's the question?

MR. DYNNER: The question is that those tables just
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wb5 1| set forth numbers and you would have to do some kind of

2|| calculation to arrive at the profile.

3 BY MR. DYNNER:
. & Q Isn't that right?
S A (Witness Bush) That's right.
[} Q Did you personally do--
7 A ( Witness Bush) I did not personally do it, no.
B Q So you don't know whether these numbers are correct

9!l on the load profile or incorrect, do you?
10 A ( Witness Bush) If you mean did I validate them,

11|l the answer is no, I did not validate them.

12 Q It's your testimony. Do you know who gave you this
. 13 ! load prof.ilc infomtiqn?

IJH I'm just asking if you know who supplied this?

‘5¢ A (Witness Bush) I can't remember now.

16 Q Was it somebody on the Staff?

A (Witness Bush) There was a lot of correspondence

18 | back and forth on it to come up with these particular numbers.

!9 But I simply accepted the values as valid and based on the

20 || FSAR.

2l| JUDGE BRENNER: You didn't answer his question,
' 22 || though. Do you know if it was someone on the Staff?

23 WITNESS BUSH: I can't answer it.

24 MR. DYNNER: I have no further guestions at this

' Ace Federal Reporters, Inc.
25| time.
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wbé 1 JUDGE BRENNER: We'll take the lunch break and then

2|l go to the Board's gquestions and then redirect.

3 Does the Staff know how much it has in terms of
. 4|l redirect?

S MR. GODDARD: 1I'm sorry, Judge Brenner?

6 JUDGE BRENNER: Do you have a rough time estimate

7|l for your redirect? I know it depends on the Board's questions. |
8 MR. GODDARD: At this point, probably not more than
9| a half an hour.

10 JUDGE BRENNER: Mr. Stroupe,d you have any idea?

n MR. STROUPE: Approximately half an hour to
12| forty-five minutes.

.. 3. JUDGE BRENNER: I qu;ls it is fair to say the likelihood
14 of finishing the hearing this week is becoming markedly less.

15 | MR. STROUPE: Judge Brenner, if I might, in an effort
16/ to be cautious and be safe rather than sorry == I think I know
17| the answer to this; but we would like =-- LILCO would like to
18| release Dr. Pischinger to return to Germany. I assume that
9 since we have eliminated the question of these transient loads,
20 | neither the Board nor the parties have questions they would
21| 1like to ask Dr. Pischinger about that, and that the loads

' 22| that we're talking about being cyclic and intermittent loads
23|l is indeed those loads referred to in the County's testimony
24 || and LILCO's testimony.

+ Ace Fadersl Reporters, Inc.
25 JUDGE BRENNER: That's right. We have accepted the
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fact that the parties do not wish to put that matter into
controversy, and on our own we don't want to pursue it, given
that situation.

Your next question, your unasked guestion: 1Is
there anything else we might want Dr. Pischinger for?

MR. STROUPE: Yes.

JUDGE BRENNER: Give me a moment.

(The Board conferring.)

JUDGE BRENNER: We are not going to seek to recall
him, to recall Dr. Pischinger. So we'll let him go.

Just as a precaution: Do the parties have =-- do
any of the parties have any showing of good cause by which
they wanted éo ask Dr. Pischinger any questions based on any

examinationof Dr. Bush?

MR. DYNNER: No, sir.

MR. GODDARD: The Staff has nothing further for
Dr. Pischinger.

MR. STROUPE: Thank you, Judge Brenner.

JUDGE BRENNER: Since Dr. Pischinger is still in
the audience: Thank you, Dr. Pischinger.

All right; let's break until 1:40.

(Whereupon, at 12:10 p.m., the hearing in the

above-entitled matter was recessed, to reconvene at

1:40 p.m. the same day.)

1

|
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AFTERNOON SESSION
(1:50 p.m.)
JUDGE BRENNER: Good afternoon.
Judge Ferguson will start off with the Board's
questions.
Whereupon,
SPENCER H. BUSH
and
ADAM J. HENRIKSEN
resumed the stand and, having been previously duly sworn,
were examined and testified further as follows:
EXAMINATION BY THE BOARD
BY JUDGE PE#GUSON:

Q Dr. "Bush, T would like to first of all apologize
for .tarting with you immediately after such a long session
this morning, but what I would like to do is perhaps bring
together and clarify some things that have been said that
would be helpful to the Board.

Much of what I want to ask you about relates to

Figure 2 in your testimony, so if you will turn to page 20

of your testimony, and let's look at Figure 2. Let me see if

I can broadly summarize the thrust of what I want to ask, and

then in your answer I would appreciate it if you would say

whatever you want to say briefly to pull together all of the

concepts that you tried to relate to us this morning.
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Looking at Figure 2, I would like to ask a few
guestions that will reflect my understanding of Figure 2. You
tell me where I go wrong, if I do.

Looking at Figure 2 I see a plot of stress versus
number of cycles, and I see a line or a curve in that graph
that is labeled "Fatigue (Endurance) Limit."

Now am I correct in broadly interpreting that

figure to mean that values that are\-- of those two parameters,

namely stress and number of cycles, that are above that line
are beyond the endurance limit, fatigue or endurance limit,
and values that are below that line are below the fatigue

or endurance limit?

Let me be very clear and give y&u an example.

For example, if I had a machine to which this
curve applied and I subjected it to a stress of 60 ksi and ran
it for 10 to the 7 cycles, that would be above the fatigue
or endurance limit. 1Is that correct?

A (Witness Bush) More importantly, it would also be
to the right of the angled line, and one would predict
failure.

Q Right.

So it is above the endurance limit and all points
above the endurance limit would be points at which the device
would fail. 1Is that correct? |

A (Witness Bush) Providing you have enough cycles
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to substantially cross the angled line. In other words if you
are to the left in there,and one could put in a substantial
number, it does not follow that you would have failure. You
must rcross the line.

Q When you say "cross" you mean be above and to the
right in this figure?

A (Witness Bush) That is correct.

All right.

I (Witness Bush) The bad area you could cross-hatch,
for example, would be above and to the right.
Q Okay. That's fine.

Now in like fashion if I were to choose two values
of the parameters for, stress and numbers of cycles, the
parameters being 40 ksi and, say, 10 to the 5th cycles, that
would give me a point to the left and below the line, and
that would then be below the endurance limit. Is that correct?

A (Witness Bush) That's correct.

And the device then should not fail.

(Witness Bush) That's correct.

Okay.

S0 then generally it is true that for any value of

those two parameters, namely stress and number of cycles,

that are above the fatigue endurance limit, above and to the

right, the device fails; otherwise it does not fail.

A (Witness Bush) That's correct. In fact, for
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clarification, on your last example of 40 ksi, I would have
said the same thing if you had said 10 to the 9th cycles as
compared to 10 to the 5th.

Q Very good.

But that is only because of the nature of that --

the shape of that endurance curve.

A (Witness Bush) That is correct. This is unique
to the ferritic materials and a limited class of other
materials. Most materials do not display this behavior.

Q I understand. Very good.

So then I would like you to clarify for me what I
believe you designated this morning as the knee in that
curve as being the beginning of the fatigue or endurance limit.

A (Witness Bush) I defined that as the intersection
of the slanting line and the horizontal line as being that
specific location, presuming that this is what I would call
the stable endurance limit, or the ultimate endurance limit.

Q Okay.

Then if what you say is what you believe to be the
truth, then I've got to go back and look at that line again,
the S-N line.

A (Witness Bush) Yes, sir.

Q The slanting portion of that line, is that also

the loci of points that are in fact on the endurance limit;

that is, is this line that I am looking at in this figure the
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endurance limit and as we have just agreed before, any points
above and to the right of that line, the total line, both the
slanted and the horizontal, are points for which the device

would fail and below which it would not fail?

A (Witness Bush) Yes, sir.
Q Okay.
A (Witness Bush) For clarification, Judge Ferguson,

I want to make sure I understood your one statement in there.
The endurance limit per se is only the horizontal
portion of the line, just for clarification on that point.
Q Well, maybe that is where all of the confusion,

at least in my thinking, arises.

Pick the point 60 ksi,=- .
A (Witness Bush) Yes.
Q -- and 5 x 10 to the 5th cycles. That is above

the slanted portion of the line.

A (Witness Bush) That's correct.
Q Does the device fail or not fail?
A (Witness Bush) I would expect there's a high

probability it would crack. That may not be enough cycles

to cause ultimate failure.
We are certainly in the regime where we would

expect failure and if we define failure as cracking, then the

answer is I would anticipate such cracking under those

conditions.

I cannot predict that unequivocally.
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Q Does the word "fatigue endurance limit" that you

have labeled the curve, does that refer only to the horizontal

portion of the curve?

A (Witness Bush) The so-called endurance limit or
fatigue limit is the horizontal portion.

Q Only the horizontal portion.

Tell me what-- Pick a point on that horizontal

portion.
A (Witness Bush) Yes.,
Q Tell me what difference there is between that

point and a point on the slanted part of that same curve.
I don't mean give me the values or parameters but--

A (Witness Bush) The difference would simply be
that unless I take the juncture that I would be at a lpccifié

stress level for that particular condition. In this instance

‘essentially 45 ksi would represent the so-called endurance

17" limit for this example.

Q Then it is true, is it not, that the point that

we chose, say 60 ksi and 5 x 10 to the 5th cycles, the machine

as you indicated may or may not fail although it is above
the line.

A (Witness Bush) That's true, sir. 1In other words,
like all such situations, it is not a clear line. It is a
probability function around here. However, the farther you

move in, the more certain you are tha‘ indeed it will crack
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and lead to failure.
Q Okay. |
I thought that is what the shaded portion around

the line represented.

A (Witness Bush) That is pretty much a probability

event; that's right.
Q When the shaded portion-- When the dots end, does
that mean that the probability is one failure? ~

You see, it is unclear to me--

A (Witness Bush) I'm sorry.
Q -- how you've broken that line up.
A (Witness Bush) That's more of an artist™s concepticn

)

“than anything else. Tt's simply to indicate that we have a
fuzziness in there. However, in the example we are talking
of, I think you would be correct in saying that at that
number of cycles and at that stress, the probability essentially
is one that I would have cracking.
I just was simply saying I can't absolutely guarantee

it would fly into pieces.

Q What additional infermation would you need on such
an S-N plot to put that in?

A (Witness Bush) If I-- Let's presume that I have
adequate experimental informacion I derived under those
circumstances. First I need to establish the number of cycles |

at a specific stress, and let's use your example for crack



AGB/eb8

10
1

12
13
4
15
16
17
8
19
20
21
22

23

24

, Ace-Federal Repnriers, Inc,

25

28,681

initiation.

That is really where the probability bend comes in
because even though we say according to this curve that it
would initiate essentially at 10 to the 5th cycles, in fact
it may be two or three times 10 to the 5th cycles before it
initiates because there are many factors that relate to this:
the geometric effects, the surface conditions -- if it is
rough it is more liable to crack early than late; it it has
a specific surface treatment it is more liable to crack late
than early: things of that nature.

Once it has cracked, you now can use a fracture
mechanics model which, on the basis of the stress and the
ngmber of cycles from the point of inception of the crack,

will permit us to predict the crack growth rate and then we

can look at the total section and say when we have essentially

cracked through a given fraction of that section, there is a

very high probability it will come apart.

Q Let me give you two other coordinates.

A (Witness Bush) Yes, sir.

Q 60 ksi and 10 to the 8th cycles.

A (Witness Bush) That's easy. I would say

unequivocally that it would have failed by then.
Q What basis do you have for saying it in that case
and not in the previous case?

A (Witness Bush) Because at 10 to the 8 cycles-- 1
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would have expected cracking somewhat past 10 to the 5th
cycles in one instance. Then it is a question, is it going
to take 2 x 10 to the 5th cycles or 3 x 10 to the 5th cycles
t o reach the point of instability with regard to the size

of the crack.

Q Forgive me for interrupting.
2 (Witness Bush) Yes.
Q What leads you to that belief, 10 to the 5th would

start cracking?

A (Witness Bush) Oh, I'm just using this as a
diagram, taking your 60 ksi, coming down there and saying
the point of possible crack initiation is =-- should be about
10 to the 5th or perhaps slightly less or slightly above,
as indicated by the shaded line. Nothing more than that.

Then based on--

Q Hold on just a minute.

A (Witness Bush) Yes.

Q That's the thing I want to clarify, at least in my
mind.

A (Witness Bush) Yes.

Q I guess my question is at that 60 and 3 x 10 ==

or 10 to the 5th at 60,--
A (Witness Bush) Yes, sir?
Q -=- you said you would suspect cracks to initiate.

A (Witness Bush) Given that this is the actual shape
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of the fatigue curve.

Q And that is based on some other information that is
3 not really in this picture. 1Is that correct?
‘ ‘ A (Witness Bush) This is what I call a typical curve
5

that is a follow-up of attempting to benchmark at 10 to the
é 6th. I think you can see, for example, that if that curve
which is =-- crosses the shall I say approximately 80 ksi,

8|l which would be .9 of ultimate strength -- that is the

’ conventional one at 10 to the 3rd cycles.

- If I swing that line it gives me a variability, but

" for this particular case if this applies then I would say,

n under those circumstances at that particular stress level and
‘ . e for that number of cycles, then some place in that band I

" would expect cracks to initiate.

3 Q All right,

" Now repeatc for me if you will for me to be certain

o why is it at the other parameters, the 60 and the 10 to the

18 8th, that you would be absolutely certain the machine would

" fail?

20 A (Witness Bush) Well, because that is the highest

2 stress level, 60 ksi, as indicated by how far it is above the
‘ 22| ordurance limit, so that is an important factor.

3 The crack initiation is usuaily the one that is

PN '2': hardest to pin down, so if it moves a little farther to the
- right, normally talking of 5 x 10 to the 5th, then I may have
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a very limited number of cycles and whereas the crack grows,
it doesn't fail.

However, when I go from 5 x 10 to the 6th through
10 to the 8th, I am now talking of a very, very large increase
in cycles and under those circumstances, I would -- presuming
again that I have this constant tensile stress field or
stress field, there is no doubt in my mind that the component

would have failed probably well before then.




AGB 11
brb 1

10
11
12
“l. 13
4
15
16
17
8
19
20
21
22
23

24

« Ace-Feders! Reporters, Inc.

25

28,685

Q Is that a feeling *hat you have, or is it something
that --
A (Witness Bush) No. There's lots of evidence in

the literature where there have been overload conditions such

as this.
Q So it's based on your experience?
A (Witness Bush) A lot of it is experience; that's

right, sir.

Q Nothing that has come out in the record that we
have developed thus far?

A (Witness Bush) No. When you're at a very higl
stress, such as we're talking about, the situatioﬁ is pretty
st;aightforward -=- Very straightforward.

Q Would you have any strong convictions about failure
if the stress was reduced to, say, 49 ksi at 10 to the 8th,
regarding failure?

A (Witness Bush) It would still be a -- under those
circumstances, I1'd say there's a high probability that it
would fail.

0 But not as high as before?

A (Witness Bush) No. That was obviously an eyeball
judgement in going over, but it still is definitely above
there; and, assuming the accuracy of this curve, I would say
yes. I would anticipate failure before 10 to the 8th cycles.

Q Did you -- maybe I've overlooked it, but did you
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.AGBll/brbz ! give us a reference for this set of data represented in
2 Figure 2?
3 A (Witness Bush) Figure 2 is really a schematic.
. ‘ What I did for this case is, I used the table as a justifica-
5 tion for benchmarking at 10 to the 6th, and I simply drew
é these lines in on there. And so itprobably would be better' |
7l to show that as a schematic. E
g 8 I could probably find an example of behavior :
9l similar to this. But it should be better recognized as a |
0 schematic diagram. ‘
" Q I guess my point was that you were the author '
n “ of this particular table? :
‘ n A (Witness Bush) Yes, éir. 3
- I'm the author in the sense of going into the
3 literature and finding the sources and putting them together;
" | that's true.
L Q Speaking about bringing the material in from the
8 literature, would you turn to Table 1, I guess it is. 1In
” Table 1, in the second column of Table 1, the column is
20 titled "Beginning of Fatigue Limit."
a A (Witness Bush) Yes, sir.
’ 2 Q And I believe you did testify this morning that |
3 those numbers for that particular column correspend to the |
. R .2': break in that curve that we have just been talking about.
» A (Witness Bush) That's correct.
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Y brb3 ] Q Could you very briefly explain how data points on

2 such a curve as Figure 2 are obtained? That is, you just told

3 us how you got the points, but how would you go about actually

‘ 4 getting those -- a point, a data point for such a curve?

5 A (Witness Bush) Well, there are two methods. One

6| that is used from the experimental point of view, often is

7 to use what they call rotating beam specimens. These are .

|

- 8 hourglass-shaped specimens that are loaded somewhat in tension {

9| and also with a bending moment in a2 machine that puts on a

10 very large number of cycles in a relatively short period of

l
il time. You can adjust it so that whatever load you're concernedé
12|l with, a combined bending and tensile load, for example,

. 13| corresponds to some value on the equivalént stress. You

14| simply take them to failure. You usually run more than one

15 sample, sometimes several samples at a given stress level,

16| to see the width of this error band, or scatter band.

7| Q Just for clarification. You say you take them to

18 failure. You mean at some particular stress level for the

19| number of cycles required for failure?

20 A (Witness Bush) You simply take it until it fails.

21 The machine has a reader on it that tells you how many cycles.

22 || And you simply do that.

23 You continue to do that, dropping stresses and

24 | t aking them to failure. And in the process you can generate

25| a curve. Eventually you'll get to the point where you'll run
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it out to perhaps 10 to the 8th, or even 10 to the 9th cycles,
and it doesn't fail, and therefore youargue you are below the
endurance limit.

Now, those represent a very special class of

sample. They are highly polished things. And one needs to

use adequate caution in the use of such data.

The other source, obviously, is in the use of
actual failure, presuming you had sufficient information
where components have done it. And in some inctances, on
some components, they have done exactly the same thing.
Automotive crankshafts--

Q I think I understand. That's very helpful. Thank

you. . .
You indicated earlier, I believe, that you had

done torsional stress calculations and bending moments, that
you were working with torsional stresses and bending moments.
Is that correct?

A (Witness Bush) Not... I didn't calculate them in
the context of using a modal analysis approach; what I did was,
we took the data from the strain gages and worked backwards.

Q I understand.

But you I thought also indicated earlier today,
I believe, that you did nothing so far as tensile stresses are

concerned; is that correct?

A (Witness Bush) Essentially we're combining
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predominantly the bending and the torsional loads.

Q Do you feel that there are points on the crankshaft

during its operation that tensile stresses are important?
A (Witness Bush) They could be.
0 Do you think those stresses are of a magnitude
at times that may cause, or initiate failure mechanisms?

A (Witness Bush) Well, the tension forces that I

would worry about would be where the crankshaft was attempting

to be pulled in this direction, and generally because of the
bearing positions, et cetera, I would expect the bending
moments to control more than the tensile: I guess that was

the logic process that we went through on there.

. The other, of course, is the twisting action that

you get.

Q Okay. Well, I guess my specific question is: Do
you believe that there are conditions under which tensile
stresses might be large?

A (Witness Bush) I think the answer is Yes, there

could be.

Q Do you feel that they can be neglected, that they're

large but can be neglected?
A (Witness Bush) Not necessarily so. Obviously

you have to recognize that the way I approached this problem

was to work back from a fait accompli; namely, that we had gone

to 10 to the 7th cycles without failure and without indication

|
|
|
|

|
{
|
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~  brbé 1/| of cracks, and then attempted to analyze it from that point

2 of view. We could have used a formulation that would have

3|| considered all of the principle stresses to establish the
. 4| bi-axial stresses and work through that way, in which case

$|i we could have incorporated that.

“ Q Well, since the tests -- is it correct to argue

7/l that since the tests were done -- you did not get failure.

g/l You analyzed the tests only on two types of motion, namely,

9!l bending and tortional, but recognizing that there was a third

10 source of stress, namely, tensile stress.

1 I (Witness Bush) That's correct.
12 Q Then, at least, it was not large enough to cause

' 13| failure, since there was no failure. 1Is that correc’? ;
14 A (Witness Bush) I was working back from that point, ?

15| and I was using the stresses more in the sense of attempting

16| to establish, if I could, where the endurance limit might be

l7"“ than anything else. That was the purpose.

8 Q Okay. Perhaps -- do you have any feel for, since |
19| you didn't calculate the tensile stresses, but do you have

20(| any feel for the relative sizes of those three stresses arising
21 from those three types of forces?

22 A (Witness Bush) Yes, sir.

23 Q The three I'm thinking of are tensile, torsional, |
24 || and bending. Could you tell us what the order is, in terms

[
+ Ace-Federal Reporters, Inc. l
25| of listing the largest one first?




“brb? 1

10
1"
12
13
14
15
16
17
8
19
20
21
22

23

24

, Ace-Feders! Reporters, Inc.

25

28,691

(Pause.)

A (Witness Bush) You'll have to forgive me. As I !

said, the first time I had a chance to look at this document
was this morning.

If we take a given kilowatt level, based on

conversion from the strain gauge data -- and, again, recognizing
|

that I haven't had an opportunity to do anything to validate i
it -- this would show a torsional shear value of less than i
14,000, a bending of about 23,000, a shear of about 17,000,
a compressive of about 15,000, and a major principle of about
30,000, as a range.

Q Of those different categories of stresses that you
have just mentioned, would shear be closest to what we are

i
!
|
|

calling tensile?

A (Witness Bush) The major principle, I think,
would be.

Q And what was the value of that?

A (Witness Bush) About 30,000 in this case.

Q And that's the largest number that you mentioned?

A (Witness Bush) That's the largest number; and, as

I say, I haven't had an opportunity to look to compare the
locations there and so forth, so I'm quotina numbers without
benefit of comparison.

Q Okay. So we should interpret this testimony of the |

fact that you are just looking -- do you adopt that?
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A (Witness Bush) I cannot say that I would adopt it.
The farthest I have gotten so far is to look at these tables
and look at the Failure Analysis report, which I have reviewed
in considerable depth, and attempt to compare the numbers on
the replacement crankshaft and see if I can correlate from a
table here to a table here. (Indicating.) That was what I
was attempting to do.

Q Judge Brenner is whispering in my back to say that
when you say "here and here", perhans you had better go back
over that --

A (Witness Bush) Yes. I recognize the -- I was
comparing the values that appear in the Failure Analysis
report, FaAA 84-3-16, to a document titled "Field Tests of
Emergency Diesel Generator 103 With a 13 by 12 Crankshaft",
authored by Stone and Webster, with input from FaAA.

JUDGE BRENNER: 1Is the latter document the one you
saw for the first time this morning?

WITNESS BUSH: I received it yesterday. That's the
first time I have seen it, sir.

BY JUDGE MORRIS:

Q Do these stress levels relate to some power level,
Dr. Bush?
A (Witness Bush) VYes. They are strain gauge data,

rosette data, that -- where the strains are converted in the

particular directions. There are power levels of 38, 35, 28,




and two lower levels, 2700 and 1750, if I read this correctly.
But, as I say, I haven't had an opportunity to try
to correlate the front of the report with the back of the
report, so I'm simply quoting from the table, noting more,
at this stage.
0 Well, do I infer correctly that these strain --

these stress levels weren't made all at the same power level?

A (Witness Bush) Well, I suppose it would be better
to ask Fallure Analysis. Certainly, I interpret the table and
I interpret the FaAA report as, indeed, that to be the case.
What they did on this particular crankshaft was rig it up to

certain power levels and then take these strain gauge readings,

‘ | and then converst the strain gauge readings into stresses at
those levels. I don't know if this report is a part of the

EndAGB 11 ;‘ record or not, quite frankly.

24
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BY JUDGE FERGUSON:

Q Let me thank you for what you said thus far. But
let me go back to Figure 2.

You said Figure 2 is really your attempt to schemati-
cally represent data that you have taken from references that
you have looked at; is that correct?

A (Witness Bush) More properly, it is a true
schematic. I had the purpose there to show the fact that the
endurance limit is a horizontal line, and that the other
line comes dowr, and that these values would be something
that one wouldn't be surprised at.

Q What do we have in the record to support this
particular curve? You say it comes from references that you
have lookéd at, and somehow tried to summarize in a picture
that looks like this.

Is there anything in the record that you're aware of
that would support this particular drawing or your interpreta-
tion of the data that you have looked at in order to draw
this Figure 2?

A (Witness Bush) Well, certainly the testimony of
Dr. Pischinger yesterday relates specifically to this type of
curve, where he was defining the endurance limit in that
instance, rather than stress in terms of kilowatts. He came
up with 3505 kilowatts for example, as the level which would

be the horizontal portion and below which, of course, he would
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not expect anything to occur. And presumably the slanted
portion would be benchmarked on 9/10th of the ultimate tensile
strength. But that's fairly common.
Q Excuse me for interrupting. I think that's clear.
But perhaps my gquestion is not clear to you. I think the
concept is clear: you have made that clear by the drawing.
But I'm not asking about the concept, I am asking
about the source, really, of the information depicted in
Figure 2. Where is the source?
A (Witness Bush) I could take any ferritic steel and
I would get this shape curve.
I think what you want is to have a curve that has

the explicit values on the curve. Perhaps the best thing I

| should have done is to erase the stress and have a stress

x-axis, but leave the cycles below, and then it would be truly

representative, and I wouldn't have to worry a2bout the gquestion

' of the source.

Q But even that modification would still not give me a
basis for understanding the basis for the curve.

To make it clear: I'm not disputing that this in
fact is the way stress and numbers of cycles relate to one
another for ferritic steel; I'm simply asking whether or not
there is a basis for the curve that I'm looking at.

A (Witness Bush) There is none, other than the fact

that, as I say, this is the shape of the curve, and if I were




24
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to put x values on the stress axis it could apply across the

board under any circumstances.

just gquickly to the discussion
we were having about bending, torsional and tensile stresses.

A ( Witness Bush) Yes, sir.

o) You gave me some numbers, and we will accept those
and evaluate them based on wh you have just, that you just
looked at them today, just having received them yesterday.

But if we can believe those numbers, my recollection
was that for the bending and torsional stresses they were on
the order of fifteen or so thousand ksi, and the major =--

A (witngss Bush) The principal stress--

Q -=- the principal stress was on the order of twice
that; is that correct?

A (Witness Bush) Thirty, I think it was. 21,000

roughly for the bending, I believe about 13 for the torsional,

and--

Q Just roughly 15.

A ( Witness Bush) Yes, from that point of view.

Q The thing that I'm drawing from that is that so far
as stresses are concerned that torsional and bending are about
half of the major. And I thought the original discussion we
had identified the fact that you had not considered the major

or the tensile stresses; is that correct?
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wb4 1 A ( Witness Bush) For the purpose of the analysis I

2| was doing, which was primarily to benchmark the endurance

3|l 1imit, the answer is I did not attempt to do that. I could '
' 4] have used a sine method, or something like that.

S [0} That's fine, I think I understand.

6 But the point was that you did not?

7 A (Witness Bush) I did not.

8. Q And I guess my question is, Do you feel that was

9|| correct? Do you feel that the results that you have gotten

10 | by neglecting a stress that was maybe twice that you were

NIl considering would give you results that you would be comfortable
‘2F with? =-or a conclusion that you'd be comfortable with?

‘ 13 A (Witness Bush) Well, as I say, the approach from '

‘4l which I came wasn't particularly concerned with that. So I
{
‘SL guess I was not.... I started with the knowledge that it had

‘6i not failed, and, as I say, I was simply trying to benchmark;
|
i

17| nothing more.
i
18 o I see.
‘9‘ A (Witness Bush) We did look, and did use the

20 || maximum bi-axial stress state values, the SQA values for a
21 | purpose of comparison on there, which would pretty much

‘ 22 | cover the spectrum of stresses in there. That was -- I wouldn't
23| say it was an afterthought, it was just more set of values that
24 | we had; nothing more.

' Ace-Federal Reporters Inc.
25 Q All right.
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A ( Witness Bush) This had been done in depth by
Failure Analysis.
Q All right. I have nothing further. Thank you.

BY JUDGE MORRIS:

Q Dr. Bush, let me follow a little bit on Judge

Ferguson's g..:stions.
Looking at the horizontal part of the curve which

is labeled "Fatigue endurance limit," does the value of stress
for that horizontal part have any relationship to the yield
stress of the material?

A (Witness Bush) I has a better relationship to the
vlt'qate stress of the material. It will rua about 40 percent,

essentially, of the ultimate -- for the virgin...what I will

' call the virgin endurance limit. And then the cycles will

tend to drop it somewhat, but probably not a great deal.

Q 40 percent of ultimate. That's true for a variety
of ferritic materials? --ferritic steels?

A (Witness Bush) I really can't answer that particular
question as to whether-- I know it applies for a certain class
of materials. I would hesitate to say across the board that
it would apply. So I really can't answer that question.

Q Would it apply to the crankshaft for the 103 diesel
generator?

A (Witness Bush) Yes, it would. 1In fact, the values

I used were based explicitly on the crankshaft data.
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Q In reaching your conclusions based on the arguments
which are related to this curve, would your conclusicns vary
if the inflexion point in the curve were translated, say, to
the right by a factor of half a decade?

A (Witness Bush) I don't think it would affect the
conclusions, it would certainly affect the numbers that we
came up with, because our capital-N values, the numbers of
cycles to cross that curve, would change.

Could I clarify one thing?
Of course, all our calculations pretty much indicate
that almost all of our stresses are down in the below region.

That's why we kept coming up with negative results, so to

speak.
‘ So essentially our endurance limit, calculated first
by working from the actual experimental evidence, and then
going through a series of calculations in an attempt to see
if we could indeed establish whether they were somewhat higher
than that because we hadn't had failure, indicated that
essentially we were right in that region. So the difference
between the endurance limit that we came up with and that that
Dr. Pischinger came up with is between about, roughly, 3450

and 3500 Kw: they're very close to one another.

|
|
|
9

Q So if the inflexion point were 5 x 10 to the 6 cycles

it would not affect your conclusions significantly?

A (Witness Bush) I guess I can't say that that would



=~ wb7 1| be the case. 1If it moved over that far, and given that we had

2|l only gone to 3 x 10 to the 6th cycles for the higher loads,

3|l and if indeed the endurance limit were lower than we had
‘ 4|l anticipated in there, it's remotely conceivable that we could

§|| be above that inflexion point to a degree, but the summation

6/l of the cycles might still have just barely to the left of the
7|l curve.

- 8 So that would have said-- If that were the case,
¢ || that would have said if one ran for another 10 to the 6th cycles,
10| for example, at one of these stresses -- let me say 3600 or
11 || something of that nature -- for this hypothetical case it's

12|l conceivable that it could have caused cracking.

. 13 Q So that's roughly the limit of the uncertainty on -

14 || your conclusion?

15 | A (Witness Bush) That's why I spent a lot of time on
16|| Table 1, to try to indicate that I would expect that inflexion

17| point to be not a great deal different from 10 to the 6th.

18 || Most of them I found went as high as 3 x 10 to the 6th, and

19 some were down arcund .7 or so. So I believed I was justified,
20| as a first approximation, in using that.

21 Now that, incidentally, is in the Palmgren-Miner

22 || approach. The so-called C-constant that's set to 1 is on that

23. basis.

24 Q Well, turning to Table 1 and your Column 2, all of
« Ace-Federal Reporters, Inc.

25|| these examples were for actual failures; am I correct in that?
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o wb8 1 A (Witness Bush) These were undoubtedly established

2|l by mechanisms where they could unequivocally establish it.
3|f And that pretty much meant that they had to do -- that they had
. 4|l to go through the technique to where the samples, enough
S$|| saniples had failed to establish the slope of the one line, and
6|| enough samples had not failed to establish where the endurance
7{l 1imit is; that's true.
. 8 Q Do I therefore correctly infer that these numbers
9| are not from a single measurement but from a series of
10 || measurenents which establish the shape of the curve?
1 A ( Witness Bush) These would be many measurement;

l?? that's right.

. 13 It takes a fairl& large number of samples to do
14! this. Small samples: it's straightforward. Obviously, when

15

you get to crankshafts, automotive crankshafts, it becomes a

16 || much more complicated situation. -

17 o Thank you, Dr. Bush.
18 | Mr. Henriksen, I believe the other day you made a
!9 comment with respect to the testing of the Shoreham emergency

20| diesels, that you wouldn't have run the tests that way.

21' Do you recall that?
‘ 22 A (Witness Henriksen) Yes.
23 Q And were you referring to the endurance tests, or

24 | were you referring to future surveillance tests, or both?
, Ace-Federsl Reporters, Inc.

25 A (Witness Henriksen) Well, I did make the qualification
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that I'm not necessarily used to run these endurance tests,

my tests are usually being of much shorter duration, and

the object was maybe different. In my case it has always been
the object to get as precise power and fuel consumption as
possible; in which case, obviously, the runs are much shorter.
Usually each fuel run is about an hour duration, possibly

two to threelburs at each load. That all depends upon the
agreement between the parties.

Q And for these kinds of tests are the generators
hooked up to a transmission line?

A (Witness Henriksen) They're usually hooked up to a
bus. It's assumed that the load on the bus exceeds the load
that you intend to run the engine on. There's no point in
bilocking. And you use a different method. You usually use
a load box, which is nothing but a resistance where you can

regulate the load. But this is not the case here.
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Q But is it your opinion that the load on the
Shoreham diesel generatorscan be controlled that closely?

A (Witness Henriksen) You are now talking about the
surveillance tests?

Q Yes.

A (Witness Henriksen) If I understand previous
testimony correctly, I understand that they have ample load
on the bus and I would expect them to have a governor that

has this capability. And yes, in that case I would do that

if for no other reason, iu avoid the controversy over plus or

minus 100 kw.
Q Well, pernaps I didn't understand previous
testimony correctly, but it was my understanding that not

blocking the governor but trying to control as closely as

‘possible, the fact that the emergency diesel generator set

was tied to the transmission line caused interactions such
that they couldn't avoid fluctuations in the output of the
diesel generators.

A (Witness Henriksen) Well, then possibly I
misunderstand how it was hooked up. I would not, with what
I learned from the testimony, expect that to happen.

As far as T am concerned, the only way the load

would change then would be if the load dropped below what

the engine was trying to do, and I understand that that wouldn't

he the case.
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Q I am not familiar with the way these things work,
but if you block the governor, what does that in fact do?
Does it limit the--

A (Witness Henriksen) Yes, you limit the load that
the engine can do. You set the load limit and there is no--
It cannot pass it.

Q So it sets an upper limit?

A (Witness Henriksen) It essentially stops the rack
at a particular point. The governor is directly tied in with
the fuel racks.

Q So it sets an upper limit as to what the engine

can produce?

A (Witness Hehriksen) Yes.

Q But the engine could in fact go lower?

A (Witness Hunriksen) If the load dropped below that
point, yes.

So if you were to run a surveillance test over a

period of time with the governor blocked, and with the

performance that I have heard about, that there is a necessary

oscillation, the peak value would not exceed what is blocked
by the governor, but necessarily the average load would be
less than that.

A (Witness Henriksen) That is correct.

Q Thank you, sir.

BY JUDGE FERGUSON:
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Q Something you said, Mr. Henriksen, that would be
helpful if you explain to me:

Judge Morris was just indicating that there was
a fluctuation or at least the applicant found that the
output of the diesel fluctuated. You indicated that the way
you would run the test would be one where you would have
excess load, run the diesels; there should be no fluctuation
if it were run that way if you have excess load.

I guess my question is why-- In your opinion,
what was the source of the fluctuations that the applicant
has reported?

A (Witness Henriksen) I don't know really what
flucturation they were referring t4. The only one I can see
with a blocked governor would be that the load dropped below

why* the engine was trying to put out.

Q You don't know whether that was in fact true or
not true?
A (Witness Henriksen) No.

BY JUDGE BRENNER:
Q Dr. Bush, you may have been asked this earlier
by Mr. Dynner but if so, I am not sure it was precisely these
terms.
As you have used “he terms in your testimony, is
"endurance limit" the same as "high-cycle fatigue limits"?

A (Witness Bush) In the context, again if you
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relate it to the horizontal line, yes. Both the terms appear
in the literature so I used them in that fashion, so ycu i
could consider that the high-cycle fatigue limit and the
endurance limit are both representing that horizontal line.
Q At page 23 of your testimony, the third paragraph

on that page which is the second paragraph of answer 16,

in the last sentence of that paragraph you say:
"....surveillance tests can add over
3 x 10 to the 7th cycles during the assumed
40-year life of the Shoreham....Plant."

1s that the figure you meant to put, 3 x 10 to

the 7th? f
(Pause.) 2
2 (Witness Bush) That would be 2200 hours. |
Q Or 2250, somewhere in that range.
A (Witness Bush) That would assume--
Q Is the number correct?
A (Witness Bush) That's what I'm wondering. About

50 hours a year. Yes, I think that would be the case because
if you assumed--

Well, I'm trying to think when I saw the
testimony -- not the testimony but the SER, because this
would be assuming a certain number of hours a month, plus a
24-hour run to come up with about 50 bours a year, and

assume that that occurred every year to come up with that
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particular number. That would be the basis.

If the 24-hour run were delayed then this number

would tend to drop but it would still be above 10 to the 7th.

Q It would be about 10 to the 7th?
& (Witness Bush) Yes, sir.
Q In that same paragraph, the first sentence, you

state in part that:

"....the endurance limit can be
established with certainty as being only at or
above 3300 kw...."
On page 17 I think among other placés, in the
last sentence on page 17 you state:
"....the high-cycle fatigue limit is
at or above the value corresponding to 3500 kw
minus known instrument error, or 3430 kw."
P2 (Witness Bush) I think you're correct. A mcre
reascnable value here would be the 3430. However,--
Q A more reasonable value where? I didn't ask my

question, -~

A (Witness Bush) I'm sorry. I apologize.

Q -- but you've anticipated it.

B (Witness Bush) My apologies.

Q All right. Go ahead, you've got the drift of it.
Where?

A (Witness Bush) Where you cited it first, namely
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in view of the endurance limits on page 23. The obvious

had been at 3300, it didn't appear justifiable to go
substantially above this for surveillance testing.

Q But you still--

A (Witness Bush) It should be-- Really to be
consistent, you are quite correct, it would be better to have
the same number here as in the other location, namely 3430. %

Q Let's put aside the possible variation based on
your assumption of the one direction load variation error
just for simplicity for now and talk about 3500 kw.

A (Witness Bush) Okay. g

Q What is your basis for bélieving that 2 x 10 to the |
6th cycles at or above 3500 kw necessarily would have caused
at least crack initiation if the endurance limit is below
that value?

I guess it is my own elliptical way of trying to
understand why you think the knee of the curve would
necessarily be at 3 x 10 to the 6th cycles or lower.

A (Witness Bush) I think that is exactly the same

question I answered for Judge Ferguson.

Q I didn't understand your answer.
A (Witness Bush) I will attempt to clarify it.
All right,

Q I want to know what your basis is.
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A (Witness Bush) The argument I attempted to advance
was that I would expect the highest probability of the
intersection of the line would be about 1 x 10 to the 6th.

Q What is your basis for that?

A (Witness Bush) That was the reason for Table 1,
to try to indicate that with the spread in there that a
reasonable assumption is that it would be close to 1 x 10
to the 6th. That doesn't say I can unequivocally guarantee
because I do not have enough data points to tell me what
the slope of that line is.

If indeed it is 1 x 10 to the 6th and if the
endurance limits, the location of the line in terms of
.kilowatﬁs for purposes of this is something likg 3000 or
3300, I think there would be enougg difference in those
circumstances that the cumulative fatigue that I would

achieve from the different conditions would have a good

possibility of initiating cracks.

!

You're quite right, if I swing that line further --

I believe that gets back to another question of the panel --
of the Board -- then the degree of certainty in that is
reduced. That's no doubt about it.

If it were to swing as far as 5 x 10 to the 6th,
then the argument utilizing 3 x 10 to the 6th becomes more
tenuous. About all one can do is obtain as much information

as possible and see what the trends are, and that is what I
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attempted to do here siuce I have no other basis.

I don't have a method really for benchmarking the

onset of the endurance limits absolutely.

Q You have explained that Figure 2 is schematic,--
A (Witness Bush) Yes, sir.
Q -~ and not to be relied on for any quantificaticn.

What is the basis for supporting the fact that
that is the shape of the curve that would apply to the type
of metal that the Shoreham crankshaft is made of? That is
I think you said ferritic steel.

A (Witness Bush) All fatigue curves have this
shape, sir. This happens to be one that I would be using
with the Manson approach where I plot stress and even log
stress up there, which is another possibility in here. But
they all display this particular shape.

" Are you thinking that it might be curved or
something of that nature?

Q Yes.

What is your basis for believing that it becomes
a horizontal iine somewhere in the range beginning at 10
to the 6th or 10 to the 7th cycles, if I can give you that

big a range?
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A (Witness Bush) Evervthing in the engineering

literature would indicate that, in the case of an object that
was made of a ferritic material and was free of initial flaws,
that it would display this behavior. In other words, it's not

unique to one steel or one condition or anything of that

nature. I can take any text at random that deals with fatigue
and show you the same type of curve.

Q All right.

One reason for my pursuing this is because you have
expressed your level of certainty =-- or, one might call it
your level of uncertainty, the same point -- in discussing
3 times 10 to the 6th cycles, with respect to a load level
of approximately 3500 kw.

And what I am asking is: are you telling me that
you have no doubt that if you were to run cycles approaching
10 to the 7th for ferritic steel that you would definitely be
to the right of the knee of the applicable fatigue curve for
ferritic steel?

A. (Witness Bush) Yes, sir. 1In fact, that was the
basis for the initial suggestion that a test be run to 10 to
the 7th cycles.

0 If one were to assume that the stress that would
correspond to the load level of 3500 kw would not be in the
failure portion of the fatigue curve for 3 times 10 tc the 6th

cycles -- that is, it would take some greater number of cycles



brb2
" 28.712 |

to cause fatigue at that load level, and for that reason we
2| didn't credit your conclusion -- although you have told us

3 time and again that it is still your conclusion that the

endurance limit is somewhere at or above 3500 kw; but let's

S|l say we don't accept that for reasons of uncertainty as to

6|l whether you've got the requisite minimum number of cycles to
7| support that -- and instead found that the endurance limit is
8| at approximately the stress that would correspond to a load
91 level of 3300 kw for infinite life -- that is, you would be
10| below the horizontal line portion of the curve, of the fatigue
" curve. Are there any conclusions we could draw with respect
‘zk to relatively short-term operation up to the load level of
‘ 131 3400 and 3500 kw, based on the proposition that you have
4| established continuous life at 3300 kw?
‘5} A (Witness Bush) One factor, of course, is that the
16 band of stresses that we were talking of between 3300 and 3500 --
17l if one accepts the validity of the extrapolation -- the
18| difference is about two to 2.5, three percent at most. That
19 would say that we would have a postulated condition where the
20| endurance limit would be sitting either precisely on or just
21} barely above the 3300, and therefore the 3500 would be above
. 22 | this by a couple of ksi. If that were the case -- and,
23| particularly if you assume also that we have rotated the line
24 so it no longer intersects at 10 to the 6th but, perhaps, four

Ace-Federsl Reporters, inc.
25| or five times 10 to the 6th -- then I guess I could not
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unequivocably establish that, under these conditions, the
shaft would survive unlimited operation, say, at 3500.
I believe that was your question, was it not?
Q Yes.
(The Board conferring.)
BY JUDGE BRENNER:
Q Dr. Bush, if it is in your written testimony with
respect to the crankshafts -- and forgive me if I don't

remember it, but are you recommending any particular schedule

of surveillance of the crankshafts if the diesels are permitted

to operate under the load conditions being proposed by LILCO?
A (Witness Bush) No, sir.

You're talking in terms of how many times they

should be tested. I believe the Staff has such, but we haven't

made it an explicit portion of the testimony, other than we
suggest 3300. I believe the SER refers to it, but that's as
far as I am aware.

Q I've got procedural problems with the way the Staff
approached what to put into evidence and what to not put in
evidence; but they're not problems of your making, to be sure.

But, in your opinion, should there be particular
surveillance or other examinations or inspections of the
crankshaft, even if the engines are permitted to operate and,
in fact, to operate within the limits of the 3300 qualified

load?
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A {(Witness Bush) I would assume that our testimony

of October would apply, where, I believe, we established the
caveats that at the first refueling outage they would be '
re-examined and then a decision would be made as to the

schedule further than that. But, at this stage, between the

cam gallery and the block tops and the crankshafts, I may be

confused.
Q I was just talking about the crankshafts, now.
A (Witness Bush) I recognize that. But we certainly

discussed this, and I believe the reguirement was an
examination at the refueling outage, a full examination. But

I don't know if that has been changed by other testimony or

not.
0 You haven't changed it in your testimony?
A (Witness Bush) No, sir.
Q. And if I gave you the opportunity now to change it,

would you want to?

A (Witness Bush) I am not a proponent of excessive
testing of these, because I watched what happened to the
others, where they literally wore them out. And so, whereas
I think one needs to do some testing from a reliability point
of view, perhaps every twelve or fourteen months do a 24-hour
test, I guess I would be unwilling to see tests that were
originally required, of every week or something of that nature.

I think that's simply asking for trouble.
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0 wWhat about inspections of the crankshaft after the

normal 18 months, approximately months, 24-hour run? Do you
think that's necessary?

A (Witness Bush) I guess I would be lukewarm, in
the sense I would like to see it inspected at the outage,
which is, presumably, not too long thereafter -- I'm not
sure where in contrast to that -- simply because if you
take that action you have a crankshaft out of action for
some period of time. But that's a personal opinion, and I
guess it isn't backed up by much technical judgment on the
thing.

0 Well, my next question is going to be: if it only
operated at 3300 kw or below, based on your testimony you
wouldn't expect to find anything wrong with the crankshaft?

A (Witness Bush) I would not expect to find anything
wrong with it; that's true.

Q Now, did you also testify -- maybe it was orally --
that you would expect to have some sort of inspection of the
crankshaft if it operated at a higher load level?

A (Witness Bush) That is in the testimony. It
states that if, indeed, you are in an emergency condition,
particularly if you run into the condition of an operator
error, my testimony, in essence, says that I believe it would

surviv: a period of time less than an hour; but I believe

that it would be appropriate to re-examine the crankshaft
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thereafter for any indication of degradation.

Q Thank you. I apologize for my failing memory. You

just reminded me: and then we walked you about a bit as to
just what load you had in mind, and so on.

A (Witness Bush) Right.

JUDGE BRENNER: That's all we have. Thank you
both. We will go to the redirect.

Let me make the obvious point that if any party,
along with their findings, as I said this generally earliec,
wants to propose any conditions, be it surveillance ~onditions
based on time, operation, load level, anything, for any of
these components in controversy, we had better see it in the
findings. And if you reach agreement on any such conditions,
that, too, we should be informed of that; and it could be done
along with the findings, also -- proposed findings. And the
agreement could be provisional, too: that is, "Our position
is A, but if you find B, then at least have the following
conditions." That's one possibility.

Mr. Goddard?

REDIRECT EXAMINATION

BY MR. GODDARD:

0 Dr. Bush, would your conclusions regarding the
endurance limit for these crankshafts have been affected in
any way if you had considered operating time at loads below

3300 kw?
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T A (Witness Bush) No, sir. I would have utilized the

2 experimental evidence of runs of 10 to the 7th to establish

? that I should be above that -- namely, the values such as
we suggest of in excess of 3430 -- and I would feel that loads
51 that are well below that would not contribute.
6 0. Dr. Bush, there were numerous questions asked
7|l with regard to the Manson approach. Would you state to what
8|l degree, if any, your conclusions on the endurance limit of the
9| crankshafts were based upon the Manson calculations?
10 A (Witness Bush) Essentially none, because they all
Nl came out the same way. We utilized the experimental evidence
12| to establish the value, essentially at 3430, and then we
. 13| went through a series of calculations utilizing the matrix
4| that we discussed this morning to see if we would have any
15| effect. And they essentially all came out negative, in the
16| sense of showing anything which would indicate to us that,
17|l with our assumption of the sloping line at 10 to the 6th,
18 that almost all of our stresses were grouped very close to or,
9 more probably, below the endurance limit. So, as I say, all
nd AGB 14 20| we did was get negative results because of that.
21
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24
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Q At the time you did your Manson calculations, you

did not have knowledge of the sequencing of load application,

did you?
A (Witness Bush) None whatsoever; that's correct.
0 Before the noon break--
A (Witness Bush) Pardon me. I still do not have

that, I might indicate, to clarify the record.

Q Before the noon break, Dr. Bush, Mr. Dynner asked
you a question with regard to the source of the figures that
appear on page 22 of your prefiled testimony. This is the
information in Answer 15.

A (Witness Bush) Yes, sir.

Q Are you aware at this time, or has your memory
been refreshed as to the source of the figures which you set
forth in that table?

A (Witness Bush) Yes, we discussed this afterward
which helped to refresh my memory. These numbers were
generated by the Staff and approved by Dr. Berlinger and
incorporated in the testimony on that basis, with the sole
exception of the first line, which is the l-minute value,
which is the one that I had postulated and essentially we had
removed from elsewheie.

Q Just for clarification, that's the line that reads:

"Less than one minute at 3900 kilowatts."

Is that correct?



10
1
12
‘l' 13
14
15
16
17
18
19
20

21

23

24
Ace Federal Reporters, Inc
25

28,719

A (Witness Bush) That's correct.

I Q. Once last question for clarification, Dr. Bush.

Is it true that the references that you provided
in Table 1 of your testimony all provide curves that are
comparable to the schematic which you prepared as Figure 2?

A (Witness Bush) Not all of them. Some of them

l do. Some of them simply state the results of tests; in other

words, they would be in tabular form. And so I simply
abstracted the tabular form therefrom.

In other words, the original curves were not

necessarily incorporated in the references.

1 Q But had the curves been incorporated in those
references, is it your opinion they would have been comparable
to the schematic which you prepared as Figure 2?
A (Witness Bush) Certainly from the shape point of
view, yes.
i (1} Thank you, Dr. Bush .
MR. GODDARD: I have no further questions on
redirect.
JUDGE BRENNER: Any follow-up by LILCO?
MR. STROUPE: Yes, Judge Brenner.
JUDGE BRENNER: How much do you have, roughly?
MR. STROUPE: No more than thirty minutes, and

probably less than that.

If you want to take a break now I can probably
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consolidate and reduce.

JUDGE BRENNER: All right. I was going to give you
that opportunity, if you prefer; or if you prefer "o go ahead
and break in the middle, I'll give you that opportunity.

MR. STROUPE: Taking a break right now would be

fine.

JUDGE BRENNER: All right.

I1f we broke until 3:35 would that give you the
time you need?

All right, let's do that.

(Recess.)

JUDGE BRENNER: Back on the record.

Mr. Stroupe, you may proceed.

RECROSS EXAMINATION

BY MR. STROUPE:

Q Mr. Henriksen, you indicated yesterday and, I believe,
again this afternoon in response to Judge Morris' questioning,
that you would have blocked the governor on the Shoreham EDGs
to perform the 10 to the 7th cycle test; is that correct?

A (Witness Henriksen) I said yes, this would be my
preferred method.

Q It's true, isn't it, Mr., Henriksen, that if the
governor on the Shoreham EDGs were blocked at a particular
given load while the engine was operating on the grid, if

that load was lost the engine would overspeed?
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3 x 10 to the 6th, but is 10 to the 7th, that the endurance
test which has been run would still demonstrate an endurance
limit of at least 3300 Kw?

A (Witness Bush) Yes.

Q. And would it also be true, Dr. Bush, that loads
above 3300 Kw that had been applied to the Shoreham EDG would
add to this figure of 3300 Kw?

A (Witness Bush) Yes.

I should perhaps clarify my previous one. I think
I answered too rapidly.

If all of my cycles are to the left of the
intersept, then obviously I can't say where I am under those
circumstances. But presuming I am at, or to the right of it,
then I can say that I have examined the situation, and I would
say that it would be there.

JUDGE FERGUSON: While we have a pause:

Dr. Bush, clarify that last answer, would you, for
the Board?

WITNESS BUSH: I believe he was citing the onset
as being 10 to the 7th, And if I ran 10 to the 7th cycles at
3300, considering the points that we were discussing about
the fact that it may not initiate precisely there, that you
have a probability band, I can't unequivocally establish what
is there.

Now, that represen.s coming right to a point. And
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wbé 1|l that's the reason for my caveat.
2 I have run that number of cycles at 3300, and if
3|| my onset is at the same number of cycles I can't unequivocally |
. 4| establish what the situation is. That's all I can state. g
5 BY MR. STROUPE: |
[} Q Dr. Bush, did you hear Dr. Pischinger's testimony |

7!l that based on his cumulative damage analysis, using all hours,
8| approximately 1323 hours, that he arrived at an endurance
9! limit of approximately 3505 Kw?

10 MR. DYNNER: Asked and answered. In fact, of

Hh course, I had a number of questions dealing with that specific
12| subject matter.
. 13 MR. STROUPE: Precisely. And that's why I wanted
14| to ask the question.
15 | JUDGE BRENNER: All right; we'll let you explore
16| it, Mr. Stroupe, and see where you're going.
17 WITNESS BUSH: I heard that portion of the testimony,
18| yes, sir.
19 BY MR. STROUPE:
20 Q If you had utilized all the hours that we are
21 talking about, Dr. Bush, would your endurance limit in terms
. 22| of Kw been consistent with Dr. Pischinger's?
23 A (Witness Bush) He approaches it from a different
24 || point of view, using that factor of safety.

Ace Federal Reporters, Inc.
25 I would say that our analysis and experimental
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are going to be lower than stresses between 3300 Kw and 3500 Kw#
A (Witness Bush) I would think so, sir. |
Q Dr. Bush, would I be correct in my interpretation
of your testimony earlier today that as a result of the

combination of load sequencing that you used in analyzing

the cumulative damage under Manson's approach, you took a
worst case situation with the higher load first and a best
case situation with the lower load first? 1Is that correct,
sir?

A (Witness Bush) That was Dr. Pischinger's case,
I believe, which you are discussing.

0 Was that not one of your combinations?

A (Witness Bush) But you added the words "worst" and
"best," I think in there.

I gave the sequencing, and, in fact, T would have
had another sequence probably in the 36, 35, 39, as high,
simply because the stresses, as I have been able to determine
on the basis of the strain gage data, are sufficiently close
together that I think that the number of cycles tend to be
more important than, perhaps, another ksi in stress. That was
the only reason for that.

I do not disacree with Dr. Pischinger's statement
in the generic sense. If I test at a substantial level, such
as the example we were using of 60 ksi, then I don't think

there's any doubt that that represents a more severe condition
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wb9 1 than the other one. But these are very close together.

2 o So would I be correct in interpreting your answer

3 to be that, assuming the higher loads first would result in

4 the worst case situation? ;
|

5 A (Witness Bush) If the higher load is substantially !

6|| above the others, then I would say that's the case. If |

71l they're very close together, then in my estimation one has

8 to look at the number of cycles that go with that load and

9|l at the time that goes with it, and if it's a few higher for

10 the higher load, where it is only a couple of ksi, then I

11|l don't consider that as significant as perhaps 100 or more

12
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hours. That's the only difference.
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Q Dr. Bush, is it your opinion, and based on your
calculations and analysis, that the endurance limits of the
Shoreham replacement crankshafts are approximately 3500 Kw
and possibly greater?

MR. DYNNER: Asked and answered.

MR. STROUPE: Judge Brenner, I believe that this
is a question that you phrased, assuming 3500 rather than 3430,
and I am just following up on that.

JUDGE BRENNER: I really think it has been asked
and answered a lot. Can you put a new point --

MR. STROUPE: I am just not as confident that the
3500 Kw figure has been asked and answered. It may have
been asked, I am not confident it has been answered.

(The Board conferring.)

JUDGE BRENNER: All right. 1I'll give you this one,
Mr. Stroupe, but not too many more, okay, because --

MR. STROUPE: Thank you, Judge Brenner.

WITNESS BUSH: I believe I stated that I would
expect it to be at least 3430 and possibly it could be higher
than that.

I stated in an earlier question that it's a functi~n
of what the real values were versus the assumed values, and
I still have only hearsay evidence on those.

BY MR. STROUPE:

0 Do you indeed have a degree of confidence in your
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! opinion, Dr. Bush?
2 A (Witness Bush) Yes.
3 Q Is it a high degree of confidence?
4 A ( Witness Bush) Within engineering limits I guess
5 I would say yes, it's a high degree of confidence. |
é 1) Now you said I believe yesterday, Dr. Bush, in
7 response to a question from Mr. Dynner as a preface that
8 engineering judgment, for what it's worth.
9 You didn't mean by that to infer that your
'°| engineering judgment is not worth anything, did you?

|
" A (Witness Bush) I hope not, I get paid for it....
’7{ No, not facetiously, I think in many instance you
'3% must apply engineering judgment, that you can come up with
" totally anomalous results if you do not use it.
L Q Dr. Bush, if I may, let me direct your attention
d to page 22 of your testimony, specifically the table that
"/ is set out thereon.
Iej A (Witness Bush) Yes.
" Q Did I understand you correctly earlier to indicate
200 that the first entry in that table that says: "Less than
2‘i one minute at 3900 Kw," should not be in the testimony
27% either, that that was part of the same matter that was taken
23; out of the testimony earlier this morning?
24

A (Witness Bush) We discusced this last night and

decided that since this was a generalized assumption on a
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LOOP/LOCA that we would not do so, I presume to be consistent
with the further deletion of other matters that came up, that
this fits generally in that same category.

Our feeling was that it was kind of generalized
coverage of the thing, but I guess I would have to confess
that that particular item certainly was not generated as
a result of the FSAR and it does indeed related back to the
preceding pages.

Q And it was based upon a hypothetical situation,
wasn't it?

A ( Witness Bush) One reason we left it in was that
we generated the words for the hypothetical situation which
were then after the fact taken out.

0 Dr. Bush, in response to some questioning from
the Board with regard to your recommendations as to any
inspections and/or tests that need to be performed on any
sort of a periodic basis to the cranksnafts, you, I believe,
indicated that you had some testimony on that and the testimony
was given in the fall of ]984 in this proceeding, did you not?

A (Witness Bush) Yes. Well there was testimony in
the fall of ]984, yes.

Q Wasn't that testimony, Dr. Bush, with regard to
recommended inspections at the refueling outage formulated

at a time when no endurance run had been conducted and no

subsequent non-destructive examination of the crankshafts
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had been conducted?
A (Witness Bush) That's correct.
Q Does that 10 to the 7 cycle endurance run and the

inspecticns that followed thereafter have an effect upon
your opinion as to any tests or inspections that should be
doae to the crankshaft at the first refueling outage?

A (Witness Bush) It undoubtedly would tend to lessen
that. But you realize this was a joint decision and that I
was only a minor contributor to that so I could only express
a personal opinion and nothing beyond that.

Q I'm only asking you for your personal opinion.

A (Witness Bush) Certainly the test and the fact
that examination was done would lessen the urgency for such
an examination. That is a personal judgment on my part.

Q Dr. Bush, looking again at page 22, regardless of
whether the figures are correct or incorrect in terms of
either their Kw load or their duration, is it your opinion
that the Shoreham replacement crankshafts can sustain the
loads postulated for the periods specified?

A (Witness Bush) I'm sorry, sir, you asked me an
open-ended question because you both permitted the times to
change and the kilowatts to change and I don't know how to
answer that question.

Q No, I'm asking based on the times and the kilowatts

that are listed on that chart.
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! A (Witness Bush) Okay. 1I'm sorry, your "regardless"
2 confused me in that respect.
3 If you presume the time and the kilowatt levels
4|l that are shown here, I would anticipate no problem.
5 MR. STROUPE: That's all the questions I have,

6 Judge Brenner.

7 JUDGE BRENNER: Mr. Dynner, any follow-up?

8 MR. DYNNER: Yes, I have a few follow-up questions.
y RECROSS-EXAMINATION

10 BY MR. DYNNER:

‘l. Q. Dr. Bush, we have beén discussing your answer 16
17? on page 23.

‘3[ I'm curious. The sentence in the last paragraph of
‘ answer 16, which begins "in view of the fact," is that

13 sentence written by you, yourself, or was it written by

6 | Professor Sarsten or Mr. Henriksen or somebody else?

W A (Witness Bush) We certainly collaborated on it,

'8 all three of our names were on it initially. Since it deals
" with endurance limit, I would certainly have been the major
201 contributor and anyone else would have simply been looking
BIi at the words rather than generating the words.

22% Q So you think you wrote it yourself, as far as you
23| can recall?

245

A ( Witness Bush) Yes.

a3 Qo Now did I understand you to say in answer to one of
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Judge Brenner's questions that now, on reflection, you would
change the value of 3300 Kw that appears in that sentence

to read, I think you said -~

A (Witness Bush) 3430.

Q -~ 3430, is that correct?

A (Witness Bush) Yes, sir.

Q And does that mean now that you feel it would be

prudent to limit surveillance testing to 3430 rather than
33002

A (Witness Bush) I guess I mousetrapped myself,
didn't I?

No, I believe in my comment to this question and
response that I felt that it still would be appropriate to
do the surveillance testing at 3300.

Q If I understand your testimony if the endurance
limit is 3430, that would mean that at loads below 3430
you would have no doubt that the crankshaft would have infinite
life, isn't that right?

A (Witness Bush) That's right.

Q Well if you have no doubt that the crankshaft has
infinite life at below 3430, then why would you have any
hesitation whatsoever at testing the crankshaft during
surveillance testing at 3400 Kw?

A (Witness Bush) Well I think the basis is the

word "prudent." I don't see anything to be accomplished by
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L going to a higher value.
2 Qo You don't think that, for example, by testing at
3 3400 that you would be assured of testing a level that not

@&
4 only included cyclic loads but also included part, if not all,
51 of instrument error or oscillation of the watt meter, is that
6 your testimony?
7 MR. STROUPE: I am going to object to that question
8! on the basis I don't think that was raised on direct testimony
9 and thus would not be the subject of recross.
10| JUDGE BRENNER: Well Mr. Dynner has taken it
]]i beyond the particular point raised but he is entitled to
‘2ﬂ build on that, as he is building on the question I asked

‘ 13 among other things, I suppose, as to the possible apparent
" discrepancy between the paragraph on page 23 and the other
- sentence, which I think was on page 17. So I think he is
o entitled to ask.
e For Dr. Bush's benefit, I did not have in mind the
'ew limit on the surveillance testing so much as the other facet
30‘ as to his belief of where the endurance limit was. But
20 nevertheless it is, I think, fair for Mr. Dynner to pursue
2‘; the point.

. 2 E WITNESS BUSH: Expressing a personal opinion, I
23i see very little to be accomplished by increasing the kilowatt

~_'d...-”""l3: level under these circumstances.

25

The units essentially were given a 7 times 10 to the
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6 test at 3300 and I feel that raising the surveillance
testing value does not accomplish anything of particular
worth under these circumstances. Now that's a subjective
judgment on my part.
BY MR. DYNNER:

Q Well you also said in answer to Judge Brenner's
question =-- I believe it was Judge Brenner's question --
abcut the 3 times 10 to the 7 cycles during the 40-year life
of the plant that you didn't want to test the crankshafts so
much as to wear them out and you made some statement about
that's what you thought had been done with the original
crankshafts.

A (Witness Bush) If I said that I said it incorrectly.
I was concerned with the diesels. The experience has been
not that you wear out the crankshafts but that you wear
out other components by excessive testing.

I participated when the decisions_were made to
test on a weekly basis and the results of that became very
apparent about three years ago. So I am not just concerned
about the crankshafts, I am concerned about what I would
call the overall reliability or essentially the literal
wearing out of the diesels if you test them to an excessive
period.

JUDGE BRENNER: Dr. Bush, help me out. What weekly

testing three years ago are you talking about?
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! WITNESS BUSH: Did I say three years ago? I didn't

2| think I did.

3 JUDGE BRENNER: What weekly testing are you talking
L

41 abcut? ,

5 WITNESS BUSH: I'm talking about a report =--

¢ JUDGE BRENNER: Are you talking about the Shoreham

7 diesels?

8 WITNESS BUSH: No, not at all. Let me clarify

%1 that.

‘01 About 15 years ago the issue came up =--

\

']K JUDGE BRENNER: Just tell me if you can, it will help

:7! me -- if you have to expand, I'll let you but consider whether
. 3 you have to -- what weekly testing are you talking about?

e WITNESS BUSH: That's the testing I'm talking about.

3 A decision was made some 15 years ago that there

16 | would be weekly testing of diesels. There is a NUREG report

" out that is available and I was reviewing a while ago that

'8; clearly indicates that excessive testing of diesels simply

:Q‘ results in wear out -- not of crankshafts, things of that

20 | nature. And so there has been a tendency to go for lesser

‘

3'\ time, so that's the reason.
. 2 So I am not so much concerned with crankshafts--I don't

ZJL consider this excessive, incidentally, 1 to 3 times 10 to the

~_ﬂ-'-.'”""t:: 7th is far below what it was when we discussed this in the
B late-1960's and early-1970's.
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' BY MR. DYNNER:
2 Q Well am I correct then that given your calculation
. 3 concerning the -- or your analysis concerning the endurance

4l 1imit being 3430 for the crankshafts that you wouldn't have
5 any concern as to an accumulation of 3 times 10 to the 7

cycles at any level below 3430 Kw with respect to the

7 crankshafts, isn't that right?

8 A (Witness Bush) I would simply prefer not to do that.
4 0 Why?

10 A (Witness Bush) Well that's why there is a fuzzy

i
"g band around such tests; I wouldn't expect anything to happen

| but I would see no reason to, shall I say, push one's luck
. Bl on it.
I could not make a strong case why I would have

to do it at 3430, for example, versus 300 is the only

reason.
4 Q Is it fair to say that as a conservative scientist
% that you would prefer to rely as to the certainty of the
" safety of the crankshafts at 3300 because they have been
201 tested 10 to the 7th at 3300 for sure?
?’J MR. STROUPE: Objection. I think that goes a little

‘ 2 | far, Judq~ Brenner, I chink that's really leading the witness

23L around pretty badly.

e S '2': JUDGE BRENNER: Well it's cross-examination, that's
25

your problem =-
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MR. STROUPE: I understand that.

JUDGE BRENNER: -~ that's your problem.

I1']1l overrule the objection.

WITNESS BUSH: I guess all I could sav is I don't
see much that could be accomplished by it. Hypothetically
one could say you would run into no problems but the closer
one comes to the line the more the difficulty is; that's like
running a car when you're in the red zone and saying it
won't €fail, but it might fail tomorrow, too.

BY MR. DYNNER:

0 So you would prefer to rely on the actual 10 to
the 7th testing with respect to the 3300 load, is that
right?

A (Witness Bush) To a major degree, yes. I would
accept the experimental evidence. Obviously the combination
of the loads--since only 7 times 10 to the 6th is the margin
that we have in there but it's a margin that I would just as
soon not infringe on too excessively, I guess is a way of
looking at it.

0 Dr. Bush, you were asked by Professor Ferguson a
number of questions concerning Figure 2 in Table 1.

A (Witness Bush) Yes, sir.

Q And as I understand it -- please correct me if I'm
wrong == Figure 2 is set forth there really to give the

shape of the curve for ferritic steels, isn't that correct?
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A (Witness Bush) That's correct.

Q And it's not supposed to show any particular stress
values or cycle values with respect specifically to the |
Shoreham crankshafts, isn't that right? ;

A. (Witness Bush) You're quite right. It would |
have been best to just have a stress scale on there with no
values on it.

Q Now with respect to the Table 1 data, am I correct

that it might have been possible if you had, for example,
a test bar from the ABS Grade 4-S steel from the 103
crankshaft to conduct a test of that particular material which
would give you the actual benchmark for the fatigue limit
beginnings as to that particular material, isn't that right?

MR. STROUPE: Objection. I believe, Judge Brenner,
that recross goes beyond the scope of any direct examination.

JUDGE BRENNER: No, the Board asked questions
about that Table 1 and I think that's what he's probing.

MR. ETROUPE: I understand about the table, what
he's asking now though I thought was a specific question
relating to the test bar of the Shoreham crankshaft which
has not been talked about at all.

JUDGE BRENNER: I think it is relevant to the
subject I just mentioned.

WITNESS BUSH: I believe I can answer it.

If I could select materials from the appropriate
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locations -- which tends to be near the surface and not near
the center, because there will be a gradient -- and if I
were able to develop rotating beam specimens, in this
instance, I could certainly generate a curve =-- recognizing
that one has to apply considerable discretion in the conversion
of that curve to a full structure. But certainly if I could
generate 100 or so samples as, for example, I would be able

to generate the shape of the curve and, recognizing that
because of the size effect I may not get the precise endurance
limit, then I would certainly locate it otherwise.

BY MR. DYNNER:

Q. And am T corre *hat by "the cize effect" that
you are referring co the fact that with respect particularly
to shafts that there is a relationship between the fatigue
strength and the size of the shafts, isn't that right?

MR. STROUPE: Objection. That was asked and
answered with relation to the geometry of the shaft earlier
today.

JUDGE BRENMER: I think this may be a different
question., We will overrule the cbijection.

WITNESS BUSH: Size is certainly a factor. We
have to recognize that the samples we would use are highly
specialized, they tend to be hourglass in shape and they
tend to be highly polished, et cetera, and so one has to

consider the smaller size and make an appropriate correction
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for such conditions as surface and size and stress concentration
factors in order to interpret it.

It is possible to do so, it is done in fact.

BY MR. DYNNER:

0 So that in coming up with thic data then, as I
understand it, you would have to consider such factors as
size, surface condition, stress concentrations as well as
things such as the static and alternating loads, isn't
that right?

A ( Witness Bush) Yes, that's correct.

Q And is it also true that there is often considerable
variation between different samples of material to one
specification, so that in comparing two materials a difference
of 10 percent or even 20 percent between the quoted values
of fatigue strength may not be significant?

MR. STROUPE: I would object to that question.
I don't see the relevancy of that question, frankly.
JUDGE BRENNER: I see the relevancy in going to use of
the Table 1 but I think you said something wrong in there,
Mr. Dynner, or else maybe I lost the thread. I think you
had a "not" at the end and maybe you meant something else.
MR. DYNNER: No, it was supposed to be there.
JUDGE BRENNER: Okay.
WITNESS BUSH: 1If you could rephrase it, I could

at least listen. I was having difficulty there in following
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it so maybe I missed something.

2 MR. DYNNER: Yes.

BY MR. DYNNER:

4 Q There is often considerable variation between
5 samples of material to one specification, so that in comparing
6|l two materials a difference of 10 percent or even 20 percent
7 between the quoted values of fatigue strength may not be
8 significant.
’ A (Witness Bush) I'm not sure that I would say that
‘oﬂ it wasn't significant. If you are phrasing it in the sense
“H that can it occur, the answer is yes, it can occur.
‘73 For example, I could take nominally the same

. ” composition of an ABS 4 steel such as we are discussing here
i and depending on how I did the heat treatment, I could vary
e the ultimate tensile strength from below 90,000 and probably
o as high as 110,000 and when I convert that in the context of
U what the relative endurance limit would be or fatigue strength,
8 that would be mirrored probably in a shift of the range
& you're talking about; because at 40,000, for example, 10
@ percent is a difference of 4,000, which would not surprise
' me under those circumstances.

. 2| Q When you put together Table 1, am I correct that
23? you were just unable to find the relevant kind of information

~'an«uuq»num::! with respect to ABS Grade 4-S steel objects and that's why
25 |

there's no item on that table that shows the material of
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ABS Grade 4-S steel?

A (Witness Bush) That's true. I picked sources of
information that were reasonably available to me. I suspect
in order to find the information we are discussing I would
have had to go to the Society of Marine Engineers' documents,
transactions, which unfortunately is not one of the documents
that we carry in our library and, based on the turnaround
time -- assuming I even knew where to look in it, which I
didn't -- I couldn't have done it.

Now perhaps by going to Crerar I could have done
so, but since the purpose of this table was not really to
try to tie down ABS 4, I didn't.

I quite frankly didn't even consider that aspect
of it, other than I did, indeed, ask my wife to check to
see if they had the Society of Marine Engineers' transactions
and the answer as I expected was no.

Q Well in estimating these endurance limits with
respect to their effect on the crankshafts, do you agree that

in plain carbon steels that the endurance limit usually

. occurs between 10 to the 5th and 10 to the 7th cycles?

|
i

|

|
|

A ( Witness Bush) I would say with that range the
answer is yes, I could agree quite unequivocally.

Q Would you agree that with respect to alloy steels
on the other hand, the fatigue limit is less distinct and

it may be necessary to continue fatigue tests for longer
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endurances?

MR. STROUPE: I am going to object to this, Judge
Brenner, unless Mr. Dynner can equate the relevancy of this
to the grade steel that is in the Shoreham replacement
crankshafts.

JUDGE BRENNER: What's the relevancy?

MR. DYNNER: The relevancy is that what we're
talking about is, as I understand it, particular grades of
particular steels in Table 1, from which estimates have been
made as to the beginning of the fatigue limit using 1 to the
10 to the 6th cycles.

JUDGE BRENNER: But he has testified they are
all ferritic steels, if you want to ask him whether that's the
case, go ahead, but I thought he already testified to that
earlier.

MR. DYNNER: Right. I am getting to this point.

JUDGE BRENNER: Well you see your question is
going to be irrelevant unless he is using alloy steels for
any bases. If you establish that, then your question would
become relevant.

MR. DYNNER: Yes, I am about to try.

JUDGE BRENNER: All right. I guess you have to
switch the order then.

We'll sustain the objection.

BY MR. DYNNER:
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Q The information you have given here on Table 1 is

with respect to ferritic steels, is that right, ferrite

steels?
A (Witness Bush) Yes, sir.
Q Isn't ferrite steel an alloy?
A (Witness Bush) A ferritic steel covers the whole

class from plain carbons to very exotic alloy combinations.
These represent a very -- an infinitesimally small fraction
of such steels.

Q. Yes.

Is the ABS Grade 4-S steel of which the crankshaft
is manufactured an alloy steel?

A (Witness Bush) It has alloy in it. I can
probably give you the specific composition.

The answer is it has some alloy in it and so it
is a little more than a 10/50 steel and a little less than a
50/50 steel is about what it comes down to.

0 Would it be generally considered in the profession
to be an alloy steel --

A ( Witness Bush) A low alloy steel. There is
enough in there that I would consider it in that category,
as contrasted to a pure plate in carbon steel.

(1} All right.

And do you agree that with alloy steels the

fatigue limit is less distinct and it may be necessary to
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continue fatigue tests with longer endurances than the 10 to
the 5th and 10 to the 7th that we discussed with respect
to the plain carbon steels, as a general proposition?
A ( Witness Bush) I guess I can't interpret that
from what I've put in the table because if I take the
carbon steels out, I will have some at 1 and 2 and 2-1/2 and
.2 and 1 and probably a 1-1/2, and if I look at the range
on the alloy steels, I will find a range that will go from
about .7 or .6 up to about 2-1/2, so as far as I am concerned
there isn't any significant difference in this very small
sample.
0 Yes.
And my question to you was as a general proposition
and not confined to this very small sample, is it fair to
say that with alloy steels the fat.gue limit is less distinct
and it may be necessary to continue fatigue tests to longer
endurances than for plain carbon steels?
Do you know whether or not that is an accurate

general statement?

A (Witness Bush) No, I wouldn't agree with that.
Now =--
Q Are you familiar -- Go ahead, sorry.

You wanted to add something?

A. (Witness Bush) I was simply going to say that

by "less distinct," I would have to interpret that as
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the fact that they might be shifted further and therefore
that the location as such.

But so far as I am concerned whether I have an
alloy steel or whether I have a plain carbon steel, I would
expect to see pretty much similar behavior with regard to the
S-N portion, the slanted portion, and the endurance limit.

Q. Are you familiar with Forrest's work entitled

"Fatigue of Metals?"

A (Witness Bush) I don't recognize it as such.

0 You don't recognize that?

A (Witness Bush) No, not that particular reference.

0 Do you recognize Professor Forrest's name, P.G.
Forrest?

A. (Witness Bush) No.

Q Aside from the work that you have done in compiling

Table 1, have you done any other analysis of the fatigue
limits of alloy steels or are you just relying on the
cumulation of data in Table 1 for your conclusions?

A (Witness Bush) Let me try to answer as I interpret
your question.

Now you're asking have I actually conducted fatigue

tests, is that what you're --

Q No. I'm just asking whether your conclusions in
this testimony are based solely upon the data that you have

accumulated in Table 1 or whether there are other endurance
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1l limits that you are aware of for ailoy steels that you have not
2|l referred to --
3 A. ( Witness Bush) Oh yes, I misunderstood.

a
4 These are something that I was able to collect in
5! about 30 minutes. I simply took this off the shelf of my
6l own personal library and simply by leafing through the pages
71 came up with these values and after I got so many I decided
8l to stop and then that was the basis.
9? I could find many more, for example, I know if I
vof went to the British Welding Institute, for example, I could
|
']i find a lot of data but I was only trying to make one point
12 | and that's why I stopped.
‘ 13 Q. But you are relying for your testimony only on
" these particular data, is that correct?
'3 A ( Witness Bush) I used these data basically to
e indicate that the values tend2d to hover around 1 times 10
"7 to the 6th, tha ; true.
8 Q And range in fact from, as I read your table, a
L low of .2 times 10 to the 6th to a high of about 3 times
207 10 to the 6th, isn't that right?
?]i A (Witness Bush) That's right.
. 2| MR. DYNNER: No further questions.
23% JUDGE MORRIS: Dr. Bush, I think you mentioned you
*_fdm‘n“n""m::h could give the content of the ABS steel. Do you have it handy?

ZSH WITNESS BUSH: I have it and I can indeed get it,

|
|
|
h
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but I would have to look through a few pieces of paper in
the process. If you wouldn't mind my doing that, I'll do it

and if you have other questions I will try to find it.

for the record.

meanwhile.

JUDGE MORRIS:

JUDGE

BRENNER :

The

Staff?

Thank you.

All right. We do want to get that

Let's see if we have other questions

Board has nothing further.

(Counsel conferring.)

JUDGE BRENNER:

MR. GODDARD:

JUDGE BRENNER:

MR. GODDARD: About two guestions.

Yes,

Do you have questions?
I do.
How much do you have?

I am just

waiting for Dr. Bush to finish what he is doing.

JUDGE BRENNER:
FURTHER
BY MR. GODDARD:
Dr. Bush.
(Witness Bush)

JUDGE BRENNER:

If we give you

find it now or would ycu

WITNESS BUSH:

Well that's going to be my next --

REDIRECT EXAMINATION

Yes, sir.
Wait a minute.
another minute or two would you

prefer we gave you more =--

If you wouldn't mind I know I can

find it but it may take me a little longer than just sitting

up here.
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JUDGE BRENNER: All right.

Maybe we could get it first thing in the morning.

WITNESS BUSH: Certainly in the morning I can have
it. I don't think I can put my hands on it immediately.

JUDGE BRENNER: All right. We'll get that first
thing in the morning.

Mr. Goddard.

MR. GODDARD: Thank you, Judge Brenner.

BY MR. GODDARD:

Q Dr. Bush, following up on a question which Mr. Dynner
asked and based upon your experience, do you believe that
using a large sampling of ferrite steels than that contained
in Table 1 would affect your conclusion regarding the location
of the endurance limits for ferrite steels?

A (Witness Bush) No, sir, I think they will tend to
cluster around 1 times 10 to the 6th. That has been cited
in a number of texts and I was simply trying to validate
that by going on a random basis, picking out some samples --
or not quite random, going to what I had available.

Obviously one factor is that the band might become

a little wider but I don't think it would become much wider.
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MR. GODDARD: Staff has no further questions.

JUDGE BRENNER: Mr. Stroupe?

MR. STROUPE: I have no further questions,
Judge Brenner.

I do have a proposal I would like to present to the
Board at the appropriate time.

JUDGE BRENNER: All right. It depends on what the
proposal is. Maybe the time would never be appropriate.

(Laughter.)

JUDGE BRENNER: No, I'll give you the chance.

Mr. Dynner, do you have anything based on those two
questions?

MR. DYNNER: Nothing further, sir.

JUDGE BRENNER: All right.

Let us dismiss the panel in their present capacity

as the witnesses on the crankshaft. You will be reincarnated

'soon as the panel on the blocks.

We will get the content of the ABS -- I guess it

is .4S steel, I guess more particularly the content of the

steel that is actually used in the crankshaft--
(The Board conferring.)
JUDGE BRENNER: We will get that tomorrow morning,

and we can take it from Dr. Bush from wherever he happens to

. be seated in the courtroom. I don't think there would be

follow-up questions based on that. We just want to establish
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1l it for the record.
And when he gives it, you know, specify whether

you're talking about the content of general ABS Grade 4S

steel or the particular content of the steel for this

5 crankshaft, of if they are wholly the same, tell us that,

6l too.

7 All right. And the witnesses can be excused for now.

8 | Thank you for your time on this subject, and we look forward

to your time on the other subject.
10| MR. GODDARD: Judge Brenner, excuse me.
Mr. Henriksen is in fact not a sponsor of any of our testimony

21l on the blocks. Accordingly, if there is any party that sees

‘ 13| any reason that Mr. Henriksen should not be permanently
excused at this point, assuming the Board has no objection--

JUDGE BRENNER: I'm sorry, I just thought he was

'°i‘involved on the block. I didn't draw the distinction because
17;lhis name is on the testimony.
‘31 Everything in the testimony relating to the blocks
'g‘vis now solely sponsored by Dr. Bush?
20 | MR. GODDARD: That's correct.
.
2'ﬂ JUDGE BRENNER: Well, Mr. Henriksen, you get away
. 22 i; ghicker than 1 thought you were going to get away. Thank you
!

23?5 gain for being here. I am sure you will enjoy flying back

24'ito the lovely spring snows in your part of the country.
Ace Federal Reporters, Inc.

d (Witness Henriksen excused; Dr. Bush
|
I
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1 temporarily excused.)
2 JUDGE ERENNEK: All right, you had a proposal.
3 MR. STROUPE: Judge Brenner, what 1 was going to

4 || propose is-- I have mentioned this already to Mr. Dynner

$|l and to the Staff. <There seems to be some confusion and some
6|l concern as I interpreted what has transpired today about the
71l stresses between 3800 kw and 3300 kw as opposed to 3300 ana
8! 3500 kw.

9 We have in the courtroom, seated to my right,

10[ Dr. Paul Johnston who is intimately familiar with these stresses
and I would offer him up for purposes of providing testimony

l
12' on that very subject, and in addition to that subject, on the
|

' 13%1 subject of the tensile stresses which Dr. Bush referred to
14 in response to a question of Judge Ferguson from the Stone
15 Aand Webster report which he is also intimately familiar with.
16 || JUDGE BRENNER: Have you discussed with with the
l7$parties?
18 || MR. STROUPE: I indicated to the parties that I

19 | was going to make that proposal. I was told by Mr. Dynner

|

Zuﬁhe would oppose it. I was told by the Staff that they would
2151 believe not oppose it.

I
@ 5

23 ||

JUDGE BRENNER: Mr. Dynner?

|
|
|
|
1
|
|

| MR. DYNNER: Yes, I would strongly object to the

24ﬁintroductxon of a new witness on a new topic. The reason why
Ace Federal Reporters, Inc. |

25%we have prefiled testimony is to give the parties a chance to
I
|

I
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1| read what a witness has to say and prepare adequately for

2| cross-examination.

3 The crankshafts have been known to be at issue for

a long time. LILCO had its panel. They chose not to put

S|l Dr. Johnston on their panel which Dr. Pischinger was on. And
6|l I think at this late date to come out, hopefully when we are

7!l at the end of the day and at the end of the crankshafts, with

8/ a new and unknown -- some new and unknown testimony would

91 radically depart from the regulations and the Board procedures.
10 | For that reason I would strongly oppose it.

1 JUDGE BRENNER: All right.

12 Staff, why don't you tell us your position, and

‘ 13| then explain, if it is what Mr. Stroupe said it is, why it is
4| valid in light of Mr. Dynner's objection.
‘5? MR. GODDARD: Inasmuch as Dr. Bush did not deal in
‘6ﬁ any degree with the tensile strengths which were here involved,
17| staff has no objection to Dr. Johnston taking the stand for
‘8” the purpose of discussing this aspect of the stresses in the
19 FaAA report.
f The Staff, as the Board and all parties know, would
have been able to fill in a few of the gaps in the Staff
testimony had Professor Sarsten been able to testify here.

'.’ 22

23 || Accordingly, this is data which aight have been covered.

24
Ace Federal Reporters, Inc.
25

Mr. Dynner appeared to be focusing on this point,

and I think some of the Board questions dealt with it.
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Dr. Bush was perhaps not the most appropriate witness to deal
with this matter, and to the extent that Dr. Johnston is here
that his testimony would not unduly expand this record,
Staff would not oppose its introduction at this time.
UDGE BRENNER: What about Mr. Dynner's objection?

MR. GODDARD: C he basis of it not being prefiled?

JUDGE BRENNER: It is new testimony this
the day, not being prefiled or known to him prior to close to
this time.

MR. GODDARD: Tbe Staff is not of the position that
it is new testimony. There has been ample discussion of these
stresses in the testimony previously given, albeit at different
power levels. To the extent that it 1is complementary to the
testimony of Dr. Bush and the cross-examination today, the
Staff would not oppose 1it.

JUDGE BRENNER: You are talking about the stresses
measured during this endurance run. Correct?

MR. STROUPE: No, that i1s not correct, Judge Brenner.
Basically what I'm talking about is the nominal stresses and

the measured stresses, both of which have been talked about

in previous testimony in terms of perhaps some figures.

I know we have testimony with regard to 33 and 35.
I don't think there is any testimony on the 28 because,
frankly, no one anticipated, at least for LILCO's purposes,

that that would be the subject of any discussion.
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1 I don't believe to call this testimony new testimony

2|| is really accurate.

3 MR. DYNNER: 1've got two more objections, that
being the clarification, and I won't make them unless you feel
5|l it's necessary for me to.

6 JUDGE BRENNER: I wanted to confer with my

7|l colleagues so maybe you had better make them, and keep it

8 || short.
9 MR. DYNNER: Short.
10 Well, given what Mr. Stroupe has said, there are

11| two additional objections. One is that that material is now

12 | outside of the scope. If what he is talking about is

' 12  measurements that were made previously, it is not within the

|

14 | scope of this hearing which was supposed to have dealt with

ISE;the newly developed information from the endurance run and

|
16 || the testing.
il
i
17 || And the second point and objection I want to make

{‘is that the only issue in which this matter came up was in an

i
‘9i examination of the bases for Dr. Bush's calculations. What I

l
20 iwas exploring was what Dr. Bush thought and what Dr. Bush

21 || based his analysis on. And it is not really relevant as to

. 22 | whether Dr. Johnston thinks that those numbers are different
2] || or not.
2‘] We would be merely exploring the bases for
Ace Federal Reporters, Inc
25 Dr. Bush's analysis. So that's an objection as to relevancy




as well.

MR. STROUPE: U Brenner, if I may?

JUDGE BRENNER: 1 right.

Let me get one or two facts because I am confused
on one or two things. I don't know if they will be material
to the ruling or not.

One of the things Dr. Bush referred to was the
report of the endurance run which I thought he said contained
some of the measured stress values. That's a document that

we've had in our possession, although

for quite \ I think it is dated December or January

is not what you are talking about, Mr. Strouj
MR. STROUPE: Judge Brenner, that is not what we are
talking about.
JUDGE BRENNER: All right.
MR. STROUPE: Actually it 1s test data from January
f 1984, and frankly, I don't think that we could have
anticipated that it was going to become a question until
Mr. Dynner's cross-examination of I
JUDGE BRENNER: When you say it is test data from
1984, what you want to put on as evidence now 1s test data
from 198472
MR. STROUPE: Yes. I would like to have
Johnston *estify as to whether or not the stresses

kw really to 3900 kw are indeed linear as was postulated
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today.

JUDGE BRENNER: Mr. Dynner, let me ask you a

i gquestion. I don't know if it has been raised by the parties

it.

What about the potential argument that if

l but it's been on my mind. I guess Mr. Goddard did allude to

Professor Sarsten had been here as evel jone expected up until
his death -- and we learned about it on Thursday; I'm not
sure when it occurred, but obviously of course in that

timeframe -- that at least potentially there would have been

us a little more about some of those things Dr. Bush was

relying on?

From time to time Dr. Bush did try to say he had
certain impressions as to what Professor Sarsten would think

5
|
}were he here, and of course we couldn't accept that testimony,

| and that adds to the potential problem.

|
| MR. DYNNER: I think it is sheer folly to try to

| speculate on what Professor Sarsten may or may not have said.

|
’ JUDGE BRENNER: We are not going to do that.

MR. DYNNER: I think in terms of informatior that
he might have furnished, he might have also furnished
information and opinions that differed markedly with what
Dr. Bush's opinions are and what his analyses were because I

noted, and 1 am sure everyone noted that Dr. Bush's testimony

a witness on the Staff panel with Dr. Bush who could have told
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was not always supported by Professor Sarsten as a co-author.

And they were only in discrete places.

And unfortunately we were all deprived of the
ability to hear what Professor Sarsten might have said. But
I certainly don't think it is fair to allow a completely
different witness from a different party to come on now with
new testimony that I don't have any idea what he is going to
say--

JUDGE BRENNER: Well, what if we didn't let him
come on now, but let them put together some proposed rebuttal
very quickly for us to look at, and then make the decision?

MR. DYNNER: Well, for the two other reasons I've

stated, I can't imagine that it has any relevancy. As I said,

the only way that this issue came up was in exploring what

1
1

[the bases were for Dr. Bush's analysis. And somebody now is

 presumably going to come on and put in stuff that is either
|

!going to say that Dr. Bush was right or wrong or mistaken
:or he should have looked at this or he should have locked at
|
;that. And I just don't think that's relevant.

g The record stands with what Dr. Bush relied upon,
%and I think it is pretty clear.

{ MR. STROUPE: Judge Brenner, it is not our intent
gto say what Dr. Bush should have looked at or should not have
' looked at. All we wish to do in a very short period of time,

two or three questions, which I think we could certainly put
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together tonight and have ready tomorrow morning in written
f orm which would clear up this problem that the Board has
raised about what happens between 3300 kw and 3500 kw, if
anything, that would affect whether the crankshaft is good
at 3500 since the parties in effect have agreed it is good
at 33.

I think we can do that succinctly and quickly, and
frankly I believe it would be in the public interest to

allow that testimony.



AGB20
brb 1 28,760

1 MR. DYNNER: I would object more strongly if that's

2| the purpose, because he has already --

3 JUDGE BRENNER: Mr. Dynner, I think we've got the
. 41l drift of the parties' positions and the bases for it.
5 (The Board conferring.)
6 JUDGE BRENNER: We are going to sustain the objection
7|l to your proposal, Mr. Stroupe. We cannot consider it
81l legitimate rebuttal, because it does not rebut any points. We
9 agree with Mr. Dynner that the context of the evidence given
10 by the Staff in the questions asked of Dr. Bush is: just
"l what did he use to reach his conclusiors? And we have got
12 ample testimony on that. To the exten: that he pointed to
. 13 other things that he used, it is his understanding of what he
'4” used, and why, that is important.
lsf It is also not legitimate for LILCO to suggest
16|l that it could not have anticipated that the sensitivity of
'7§ actual stress measurements at different points, to the extent
18 they are not already in the record, wouldn't have been
94 pertinent. We emphasized that we were interested in the
20 sensitivity over the range of load values that might be
21 pertinent in the qualified load context should be put in. I've
. 22 | jaid this before, in other contexts. We were careful not to
23 specify 3300, both in our written order reopening the record
‘ ~'ﬁnwﬂn-”""t:: and in our oral ruling which preceded that written order.
3 And we expected to see the sensitivity. Frankly,
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1 speaking for myself, I was a little surprised that we did not

2 get testimony from LILCO that matched up all the calculations

3 and measured values we had seen at 3500 with the lower values
4|l to show us what the sensitivity might have been.

5 So it would have been reasonable and appropriate

6ll to include any values not already in the record at loads of

7|/l interest, in the testimony. If it's already in the record,

gll you've got it to cite to us in findings, as I've also

9 indicated. And if it's not in the record, you could have

10 put it there. You can't legitimately tie it to any need for
n rebuttal based on testimony we've now had.

12 To the extent you mentioned the values at 2800, we

. 13 have doubts as to the relevance or materiality down at that
14! load level, although I'm not ruling that if you have chosen
15| to put that into your prefiled testimony we would have found
16 it irrelevant. I don't know.

17 So that's where we stand. If you want to put

18 testimony together and submit it as an offer of proof, you

19 can do that. But you don't have to. But you have that right.
20 Or you could stand on your comments already indicating what

21 you would have put in, which I think is probably already well

' 22 described in the record.
23 MR. STROUPE: We'll stand on our comments.
24 JUDGE BRENNER: I'm sorry; you two could have left

Ace Federal Reporters, Inc.
25| any time you wanted to. Of course, you don't have to. But I
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meant to excuse you.

Is there any point in swearing witnesses in now?

MR. STROUPE: Judge Brenner, I wonder if we might
take up two other things?

JUDGE BRENNER: All right. Let's decide first
that we will swear in LILCO's block witnesses first thing
tomorrow morning rather than at ten to five today.

MR. STROUPE: All right.

JUDGE BRENNER: Fine.

MR. STROUPE: You inquired of the parties as to
a findings schedule, I believe, last week or two weeks ago and
again this week --

JUDGE BRENNER: The parties told me they were going
to give us a proposal during the interim week, but they did
not.

MR. STROUPE: We have, indeed -- at least, the
County ¢.:.d LILCO has spoken, and the Staff, too, I believe.
And I think we are in agreement that we would be perfectly
content with LILCO's findings due on April 4, and the County's
findings due, I guess, ten days thereafter, is what the
requirement is, with the Staff's findings dus within the
period of whatever is prescribed thereafter. I think that's
probably a week, seven days more than you indicated in
Bethesda that you were thinking about. But I'm not sure we

all contemplated we would be going this long, either.
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1 JUDGE BRENNER: Well, that's reasonably consistent

2 with the schedule we were thinking about then. I said there

3 would be some variability. Tt happens I have several
alternatives written down here because I thought the parties
5 were going to have a dispute, since we didn't have an

6 agreement. I can tell you that the scatter in the data

7 between your agreement and my variations is very slight; and
8 so, by whatever method, we ended up with just about the same
9 schedule.

10 I'1l lay out the rest of the schedule, if that's
n what you're asking me to do. 1I'll take a look at whether

12 they fall on weekends or not.

. 13 MR. STROUPE: The second thing, I think --
4 JUDGE BRENNER: Think about page limitations, if
15 % you haven't already.
!

16 MR. STROUPE: The last time I thought about page
17 limitations, I think I was substantially off. I think I can
18; give you a better estimate this time.
19 JUDGE BRENNER: Think about two digits; and, in
20| fact, not even terribly close to exceeding two digits.
21 MR. STROUPE: I think Mr. Ellis is now ready to
. 22 address to the Board the question of the cam gallery
23 settlement.
24 MR. ELLIS: Judge, there is a resolution, of course,

Ace Federal Reporters, Inc.
25 as we have discussed. I think what remains that there isn't
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entire agreement on is language.
I don't think the lack of agreement is anything
of substance, and I don't quite understand why there is a

|
lack of agreement. But I think all that matters to me -- and ’
!
I'm going to show you what the language is that the parties I

have discussed --

JUDGE BRENNER: But wait. You haven't agreed on it?

MR. ELLIS: We have agreed on it. It is the legal
effect that we have not agreed upon.

We have agreed on the technical aspects. And,
essentially, what I have put down here is this resolves the
cam gallery aspects of the diesel generator block contention.
And Mr. Dynner would prefer not to say that, and instead to
say that it resolves the issue of monitoring the cam gallery
cracks, and that no findings will be made regarding the cam
gallery cracks.

JUDGE BRENNER: All right.

I'll tell you what. We will accept both of those
descriptions.

MR. ELLIS: That's exactly what we've got, Judge.

JUDGE BRENNER: And when all this is over, or when
I'm less tired, Mr. Dynner will explain the significance of
that difference to me. And he can also explain the significance
of one of the County's motions to strike, which arguably was

related to that, too.
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(Documents handed to the Board.)

MR. ELLIS: What I have handed the Board is a single

sheet, and it is entitled "Resolution of Cam Gallery Monitoring
Issue". The material that appears in parentheses is the
material that I had proposed. The material that is underscored
is the material that Mr. Dynner believes is appropriate in

lieu of the material in parentheses.

We have no objection to the material that is
underscored. However, we do think that it ought to be clear
that the cam gallery aspect of the diesel generator block
litigation is resolved and effectively withdrawn. And we do
think that it is a resolution of the cam gallery monitoring
issue ~--

JUDGE BRENNER: Just to show you how important the
rest of it is, I am only going to read the essential paragraphs
and decide whether that's acceptable or not and, without
reading, on blind faith, based on what you've told me, accept
the rest of it in the record as the parties' own individual
explanations of what they think they're doing -- what they
think the legal effect is of what they're doing.

I hate to ask a question, now that you all have
this fine agreement. What about covering the point that if
the 30 hours trigger -- maybe I'm tired, maybe it's already
in the language. If the 30 hours triggers the inspection,

did you cover the point that the three months then begins to
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run again?

MR. ELLIS: No, sir. We did not cover that
explicitly. We believe that is clearly understood by the
parties, and we just assumed that the more language we insert,
the more opportunities for dispute. And we do understand
that if there is an inspection triggered by the 30 hours,
the three months would begin to run from that inspection
rather than the previous calendar inspection.

JUDG ! BRENNER: All right.

Mr. Dynner, do you !l ave any problem with what Mr.
Ellis has said. the last part’

MR. DYNNER: No. It's on the record, I think, and
I agree with it.

JUDGE BRENNER: All right. Fine.

Notwithstanding the parties' zeal, we will commend
them for the substance of their agreement, and bind it into
the -- let's just bind into the transcript at this point; and
that way it'll be easily accessible. And nothing further
need be done on it with respect to the proposed findings,
including the actual language of the inspection requirements.
And, obviously, the parties will see to it that it is given
proper effect wherever it should be, be it in the tech specs
or somewhere else, so that any license that may ever hereafter
issue based on this...

(The document follows.)



(RESOLUVION OF CAM GALLERY MONITORING ISSUE)

(Pursuant to the resolution of the cam gallery azpect
of the diesel generator block contention, the following is

agreed tc by and between the parties:)

The parties have resolved the issue of monitoring the

cam gallery cracks in the blocks as follows:

Cam gallery saddle locations nos. 2 and 8 on the EDG
101 and 102 blocks will be inspected by LILCO every three
months, or after 30 hours of operativn at or above a lcad of
1800 KW, whichever comes first. These inspections will be
performed from the time the EDGs are initially placed in
operation for emergency standby service until the first re-
fueling outage. Liquid penetrant examinations of the nos. 2
and 8 saddle locations will be performed to monitor the length
of the cracks, followed by TSI depth gauge measurements of

the cracks to monitor their depth.

The parties confirm that no findings will be made

regarding the cam gallery cracks in the blocks, given the

Stipulation of January 14, 1985, and the foregoing resolution

of the monitoring issue.

(As a result of this inspection commitment by LILCO,
Suffolk County, New York State and the NRC Staff agree that
the cam gallery aspect of the diesel generator block contention

is resolved and therefore withdrawn.)

analg
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All right. Why is it on important subjects you're
able to get over the problems of language, and on relatively
unimportant disputes you stand by problems in language? I
don't know. I suppose that --

MR. DYNNER: Better than the reverse.

JUDGE BRENNER: Yes. I was just going to say the
former more than makes up for the latter, and that's why I'm
able to smile about this, because this has not been typical
behavior of the parties.

Can we adjourn for the day, now?

MR. ELLIS: Yes, sir.

JUDGE BRENNER: All right. Let's do that, and

|
i
|
|

resume at nine o'clock tomorrow. We will adjourn at approximately

noon tomorrow.
(Whereupon, at 4:57 p.m., the hearing in the
above-entitled matter was adjourned, to reconvene at 9:00 a.m.

the following day.)
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