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1 PROCEEDINGS

JUDGE BRENNER: Good morning. We are on the record,

3 now.

4 Mr. Stroupe, you said you had a preliminary matter.

5
.

Is it something that we~have to take up this week?

MR. STROUPE: Yes, your Honor, I believe so.

In response yesterday to your question as to
+

8 whether or not I wish to make an offer of proof with regard to

9 the motion I made or the proposal I made to present the

10 testimony of Paul R. Johnston, I would now like to present to

11
the Board proffered testimony which I have already furnished a

copy of to the CA.unty and to t le Staff.

O r o=1a s= e 11ke to se te zor tae reoora ever 1'' -

14
things:

15 One, that we believe indeed that this is in the

16 nature of rebuttal testimony because it addresses two issues

I7 raised in the questioning of Dr. Bush where we believe he was

18 incorrect in the statements that he made, specifically with'

19
regard to the crankshaft stresses, and specifically'with regard

20 to~ tensile stresses..

2I So at this time we would renew that motion. It j

|
22 turns out that the crankshaft-stress in both those instances

23 was contained in. prior LILCO crankshaft exhibits, Exhibit
i

2.4,y C-16 and Exhibit C-17 from the hearing last fall, and it has
3 ,

25 - i

the stresses, as can be seen from that proffered testimony,

- - - . . . _ . _ _ . _ L _ , _ . - . ., _.|
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I from 1750 kw up to 3800 kw. And we would make that offer of

2 proof this morni~ng.

3 JUDGE BRENNER:- Well, we'll consider it, not right

O 4 now. vou've made e motio= for reooa ider tio= d we wi11

5 consider whether to reconsider it. We won't be able to do that

6 today.

7 You had better give us the exhibits, just one copy

8 for the Board to share on loan would be' fine, if you could do

9 that Monday.

10 MR. STROUPE: I will"do that.

II JUDGE BRENNER: We will look at it on Monday.

12 MR. STROUPE: Also in an effort to try to assist

13 the Board, Ibeh.ieveone.oftheBoardmembers, perhaps - *
,

14 Judge Morris, asked for the ABS certificates, or grade of the

15 ABS metal.for the crankshafts. And that is contained also in,

16 LILCO Crankshaft Exhibit C-12, which is already in'the record.

17 And if the Board wishes, we'will make copies of that available

18 Monday, too.
i

|

19 JUDGE 1BRENNER: Why don't you do that also?

20 But we'want'to'get from~Dr. Bush what he thinks

21 the composition is, and then we will-have it in both places.

22 I at-least don't know what C-12 is offi-hand.-

23 MR. GODDARD: -Judge Brenner, Dr. Bush ~ informed me

24 this morning.that he misstated a matter'in response to a
4 Am-Federal Reporsors, Inc.

25 question' asked I believe by Judge Ferguson yesterday. He~has

.

. .. . ..
________________________-_ _ . _ _ _ ,_. _ _ _ . _ _
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I prepared something. We would like him to read it into the

2 record this morning to correct his testimony of yesterday.

3 JUDGE BRENNER: Have you discussed this with the |

O 4 other parties ~/

5 MR. GODDARD: I have discussed it with the other

6 parties. They have not h'ad a chance to read the information

7 that's involved. It is a correction to'one of Dr. Bush's

8 -

answers yesterday.

9 JUDGE BRENNER: What is the subject?

10 MR. GODDARD: It was with regard to the stresses on
~

;

II the crankshaft, the tension on the crankshaft.

I2- JUDGE BRENNER: Well, I don't know what he is going,

13 to say of, course. .It might be better to do it now, so we

Id don't have.to then go back in case,it leads to questions of

15 other witnesses also.

16 Does any party have a problem?

I7 MR. STROUPE: Your Honor, we don't. We believe
,

18 this relates to a portion'of the rebuttal testimony that we

I9 have proffered.

20 MR. DYNNER: I would like to see what he is going

21 to say because if it is going to reopen new issues, then I

O 22 ou1d obsece- 1 1e i se e imv1e correctio= or e u-der

23 or something like that, I would not object.

24
i JUDGE BRENNER: All right. Well, of course we will
i

Ace-Fetteral Reporters, Inc.

25 allow the witness to make a correction, and if it is something

_ - _ - - .
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else we will. deal with it. |1

2 All right, I guess you want Dr. Bush back on the

3 stand.

() 4 MR. GODDARD: Yes, that's correct.

5 Dr. Bush, will you please take the stand at this

6 time?

7 JUDGE BRENNER: And as long as you are going to be

8 focusing or asking him questions, Mr. Goddard, ask him about

i

9 the composition of the ABS metal in the crankshaft at Shoreham.

10 Whereupon,

11 SPENCER H. BUSH

,12 resumed the' stand and, having been previously duly sworn, was

.

13 examined and testified further as follows:() .

14 MR. GODDARD: I will also state at this time for

15 the information of all parties that testimony was served on

16 all parties and the Board entitled " Testimony of Carl H.

17 Berlinger on' Load Contentions Concerning TDI Emergency Diesel
:

18 Generators at the Shoreham Nuclear Power Station," dated

19 February 5, 1985. -

| 20 Neither Dr. Berlinger nor any other Staff. witness

|

| 21 will sponsor that-testimony, and it will not be introduced

22 into evidence in this proceeding.. I don't want anybody to be

23 confused by the fact that we served it and--

'

24 JUDGE BRENNER: Moreover, you emphasized that and
* Am-raseres Repormes. anc.

t 25 drew our attention to it just recently,.so it is good you made
l

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

I the statement.

2 I will state for the record that in fact it is not
i

3 testimony. There is no substantive testimony in it whatsoever.

|
4 It is one page which' states his name and occupation, his

5 qualifications. He references the' fact that a copy of his

6 qualifications is in the record. And beyond that, the

7 testimony, so-cal-led,' states in its entirety thati-

8 i "This_ testimony is for_ purpose _s of

9 4 stating _that the icint testimony filed._by our_

10 consultant contractor, Battelle Pacific-

11 Northwest Laboratory, has been reviewed by the
i

12 NRC Staff and that,their testimony has baen
*() accepted for filing on behalf of the'NRC Staff."13 - -

14 Since it is not going to be in the record, I want

15 to say that I disagree with your characterization of it as
~

16 testimony. And'now we know what it said in case anybody wants

17 to disagree with my characterization.

18 Go ahead.

19 MR. GODDARD: Thank you, Judge Brenner.
,

20 FURTHER DIRECT EXAMINATION

21 BY MR. GODDARD:

[}
22 Q Dr. Bush,-yesterday you indicated you would provide

23 the composition of the ABS steel for the Board upon request.

24
| * Am-Faseres neponen, sne.

Are you prepared to do so at this time?

[
| 25 A Yes,'I am.
r

1
- . _ . _. . .
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I Q Please proceed.

2 A The shafts, as either certified by ABS or going

3 directly to the Krupp records. have carbon contents ranging

4 from .46 to .50 percent, silicon contents ranging from .05

5 to.12 percent, manganese contents ranging from .65 to .70

0 percent, phosphores contents ranging from .006 to .010

7 percent, sulphur contents' ranging from .008 to .010 percent,

8 chromium contents -- .

9 JUDGE BRENNER: Let me stop you for a minute,

10 Dr. Bush. I want to check something.

II (Pause.)

12 JUDGE BRENNER: Go ahead, Dr. Bush. I'm sorry.

13 THE WITNESS: Chromium contents from .63 to '69
*

'

I4 percent, and in one instance, aluminium content of .003

15 percent which would be used as a grain refiner.

16 In essence, these are.what one calls a 50 carbon

I7 steel with the exception of the chromium, and at that level

18 of chromium it would fall in the range that ASTM would

I9 designate roughly as a 50'50 steel.

20 The attachments consist of the American Bureau

21 of Shipping Reports, as I cited and, in addition,.the reports

22 from Krupp.
.

23 MR. GODDARD: Thank-you, Dr. Bush.

24 BY MR. GODDARD:
: * Ass-Federal Reporters, Inc.

25 Q Dr. Bush, you indicated to me this morning that you
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I wished to correct a misstatement which you made on the record

2 yesterday in response to a question asked by Judge Ferguson.

3 Are you prepared to do so at this time?

4 A Yes.

5 0 Will you please state the subject matter of the

6 question to which you initially responded?

7 A The specific item as to which I was incorrect in

8 my statement had to do with a misrepresentation of the tensile

9 load,'and I would like to clarify the record by indicating

10 why it would not be Unportant in the first place and,

Il secondly, in that fact that it is taken care of automatically.

12 in effect, if I may do so.

13 Q Ds Bush, before you proceed, I notice you ,are(} ,,

14 apparently reading from a few pages which you have in front
.

15 of you. Were those prepared by you?
'

16 A Yes.

17 Q When did you prepare those notes?

18 A About five o' clack this morning.

19 Q Did you prepare those by yourself and without

20 'discussiom of the content thereof with any other person?
!

21 A That's correct.
i

22 Q And your purpose in doing so was to correct what{)
23 ~you perceived as a misstatement made on the record yesterday?

|
24 A That's correct. 1

# Am-Fewd Roomn, lmt |

25
. Q Thank you.
|

|
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''~ j Will you proceed, please?

2 A My statements to questions by Judge Ferguson were

3 incorrect in one specific respect. I misrepresented the

O te==11e 1o a o= the a et 61 eau ti=9 it to the v 1ue or4

the tension strain gauge values. I certainly knew better and
5

can only attribute it to battle' fatigue, plus a massive6

injection of undigested data which I received the previous
7

8 day.

In fact our method of analysis which was a vector
9

10 summation of bending and torsional stresses will yield a <

11 maximum equivalent alternating stress comparable to that

12 cited in the Eailure Analysis document which I cited on .

' '

13 March 7th. *

O -
,

14 Tensile stresses should play little or not role

15 if one examined the rotating shaft for the following reasons:

16 The shaft rests on a bearing surface so in essence

it floats. This means one would not expect major end thrust17

18 leading to axial tension or compression. A rotating shaft,

19 Particularly one transmitting loads through a gear train,

20 will be subjected to twisting generating torsional stresses
|

21 along the shaft.

22 The rapid rotation of the shaft, particularly with

a shaft such as a crankshaft where the local centers of23

24 gravity are offset'from the centerline of the shaft, will
a Ace-Federal Reporters, Inc.

25 cause portions of that shaft to essentially lift off its

. -_ .. . .. . . _ _ _ . _.
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I

\
-

I seat, generating highly localized bending stresses. These i

2 will concentrate at the discontinuity regions where crank

3 joins shaft, and these discontinuity regions, parenthetically

O 4 the fillets, are the region of maximum stress concentration

5 and highest probability of failure.

0 As noted previously,LI_miSr_ejiresented the tension

7 stress gauge as tensile stress. In fact there are two

8 gauges, 45 degrees' tension and compression, whose product is

9 resolved in the torsional shear, plus a minor component of

10
*

; tension, plus a bending gauge. In fact the tensile stress

11
in essence is buried in the data and it is a small value.

12 One.can combine into 9ajor and minor principal

Q"' stresses which are again comoined into a mean s'ress and an
'/ 13 t

Id alternating stress component which is the common approach..

15 Otherwise the bending and shear stresses can be combined

16 vectorially providing the phase relationships of load versus

I7 angle of rotation, providing these are known.
|

18 Tensile stresses are a factor'at much higher |

19 4

rotational speeds such as occur in large steam' turbines. ;
,

20 However, they are circumferential,.not axial. Here the speed
i

21 will tend to lift off the shrunk-on disks on the shaft, and
|

,

22 tensile stresses will'be the principal cause of failure.

23 The RPMs are much higher than in a crankshaft,

24
, gQ , usually 3600, so it is a different phenomenon.

25
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I Q 'Does that conclude the correction to your statement

2 yesterday, Dr. Bush?

3 A Yes.

4 MR. GODDARD: Judge Brenner, the Staff has nothing'

|

5 more for Dr. Bush on this issue; and to that extent he is '

6 available for cross-examination by the parties, if the Board

7 is satisfied with the correction and have no further questions

8 themselves.

9 JUDGE BRENNER: Mr. Dynner?

10 MR. DYNNER: No questions.

II JUDGE BRENNER: I guess I should have asked LILCO
,1

I2 first. -

() * 13 MR. STROUPE: Yes,,I have some q'uestions, Judge

! Id Brenner.

15 CROSS-EXAMINATION

XZXZXZX I6 BY MR. STROUPE:

I7 4 Dr. Bush, I'm going to hand you a report --

18 JUDGE BRENNER: Let me tell you, Mr. Stroupe, I'm

I9 going to be very careful about limiting you to questions on

20 his clarifications and not using this as an avenue _for which

21 other procedural mechanisms need to be employed to introduce;.

22(} yet further evidence.
,

23 MR. STROUPE: I understand that, Judge Brenner.

24 JUDGE BRENNER: Okay. So make it easy on yourself
, Am-F esras nepons,i, Inc.

25 by keeping that in~ mind in advance.

,-

, - - - , . ,,
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,

i

I BY MR. STROUPE:

2
(L Dr. Bush, I'm going to hand "ou & document

3 entitled " Field Tests of Emergency Diesel Generator 103 With,

4 13 by 12 Crankshaft", prepared for Shoreham Nuclear Power

5 Station. Long Island Lighting Company, dated April 1984,

0 entitled "LILCO Crankshaft Exhibit No. 16", previously filed-

7 in this proceeding; and I direct your attention to Table B-4

8 at page B-5 thereof.

9 MR. STROUPE: I do not have extra copies of this,

10.

because I did not know this was going to happen this morning,

II Judge Brenner.

12 JUDGE BRENNER: Well, none of us have copies.

13 MR. STROUPE: This is the table'that he read into

Id the record yesterday in response to Judge Ferguson's question,

15 the answer 29,800 psi for the tensile stresses.

(Exhibiting document to counsel.)

I7 -JUDGE BRENNER: Let me put it to you this way: does

18 LILCO dinagree with anything Dr. Bush just said this morning?

MR. STROUPE: No, Judge'Brenner. However, I believe
<

20
.

we should be entitled to some further amplification of what
i

; 21 he has said, in view of the fact that part of our rebuttal

22 testimony would have gone to that very subject.

23 JUDGE-BRENNER: That's my problem.
.

24 MR. STROUPE: He has admitted on the record,- Judge
. A.4aserei nepo,sers, inc.

25 Brenner,'that the statement was incorrect, which is the

s
,

4

e tv- v -w w-~ e -- e e , - ,w.- , - s---, --- - , - - - - - ~ -- -- - - - - - .
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I position I took this morning.

2 MR. DYNNER: I'll object to handing the witness

3 this document, which I haven't had a chance to look at with

4 any care, or have my consultants read and understand. I think

5 if he wants to cross-examine the witness, he ought to do it

0 on the basis of the statements the witness just made and not

7 hand him new documents.

8 JUDGE BRENNER: Well, let's let him go'a little

9 bit, because I'm not sure it's a new document.

10 You had better put the foundation in to see if

' this is what Dr. Bush was using yesterday when he testified.

I2 BY MR. STROUPE:
i

13 '*'

g Dr. Bush,.is' that, in fact, tlie document from which'

Id you responded to Judge Ferguson's questioning yesterday, and

15
indicated that the tensile stresses were -- the highest

16 figure was 29,8007

II (Handing document to the witness.)

18
A. Yes. And then, I think, I corrected and.said that.

-19
it.was the major principle stress, in the testimony.

20 I would like to clarify, as I said yesterday, I

21 had had approximately 30 minutes to examine this document,

22 which is hardly enough for this number of pages.

23 0 Dr.-Bush, under the column at 3500 kw, where the-

24 figure'29,800 psi-is found as a major principle stress, do I,

i . m new=,.. ine.

25
| understand your statement this morning to say that, in your

|
. - _ - _ _ - - _ _ _ _ - _ _ __. - ,. . . - -. . .__ ._-
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I opinion, this is not a tensile or axial stress?

2 A That's correct.

3 0 And did you indeed say that this represents simply

4 the shear and bending stresses relative to a different set of

5 axes?

6 MR. DYNNER: Objection. Asked and answered. The

7 witness has explained it, and all he is doing is having him

8 regurgitate what he read from his statement.

-
9 JUDGE BRENNER: We'd like to make sure it's clear.

10
Dr. Bush? *

;

11
THE WITNESS: Yes. These can be combined by use -

12 of some things such as sines rule to establish a value. I
'

''O wou d comment th t sines is cited in the FaAA document. I

Id
cannot cite the specific page.

15 BY MR. STROUPE:

16 g And, to the best of your knowledge, Dr. Bush, these

I7 numbers are the result of a strain gauge rosette which was

18 located in the fillet of the crankshaft at crank pin number

I'
five?

20 A To the best of my knowledge, that is the case,
i

21 recognizing that I can only read what is here, and have not

22 had an opportunity to digest the document.

| 23 0 And do those strain gauge measurements, Dr. Bush,

24 include all stresses, whether they be. tensile, bending or%Fatord Reporwes, Inc.

25
torsional?

|

. _

.
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1 A Yes.

2 O And thus, is it correct that you used all stresses
,

3 in your fatigue analysis, as a result of utilizing the strain

4 gauge data?

5 A That's correct. As I indicated there, the small

6 component of tension is buried in the strain gauge measurements

.

7 in this instance.
,

8 MR. STROUPE: Judge ~Brenner, that's all of the

. 9 questions I have on-this subjact. I would renew my request

10 to be permitted to ask one or two questions of Dr. Bush with

11 reference to the same exhibit, as to torsional stresses set
7

l- 12 fort' in a particdlar table in that exhibit.

( }- . Well, wait. I never stopped youJUDGE BRENNER:13 .

14 from cross-examining Dr. Bush, so I don't know what you're
.

i 15 talking about now. Nobody ever stopped you --

16 MR. STROUPE: I was going to another subject. You;

! 17 said you would be very careful to limit me to specifically the
,

I
18 subject matter in this statement; and what I tried to indicate

19 was that I would'now like to cross-examine Dr. Bush with regard;

,

| 20 to torsional stresses as they are set forth in this exhibit,

21 previously filed in-this action.
:

,

22 JUDGE BRENNER: Nobody ever stopped you yesterday,>

23 while you had your opportunity for cross-examination.
.

24 Am I correct?
I ' m nosonen, Inc.
. 25 MR.'STROUPE: That's correct.
1

- - - - ,, _ . - , = . - - , . . - . . . , , - - . -- - , . , . . - - , - - - - . . . - . - _ . - _-
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-

I JUDGE ERENNER: All right.

2 Dr.. Bush, tell me, as simply as you can, how you
.

3 know of your own knowledge that that figure of 29,800 psi

! 4 which, I believe, you rounded to 30,000.in your testimony

5 yesterday, is simply a combination of the bending and shear
,

6 s tresses. How do you know that, of your own knowledge?
,

7 THE WITNESS: Well, that would be resolved from i
i

; 8 the strain gauge data. And, as I indicated, since I had

-
9 essentially no opportunity to read this, I would have.to say

10 it is more hearsay 'because I cannot equate it specifically

II to the strain gauge measurements shown here, the strain
;

12
i gauge measurements in the Failure Analysis documents and the

-
'

() 13 values here.
'

*

,

I4 JUDGE BRENNER: I'm sorry; I don't understand your

15 answer.

16 How do you know, of your own knowledge, or what's

I7'

the basis for your corrective statement this morning, as to-
,

18 just the part that that 29,800 psi represents -- that is,

! that it's a combination of.the bending and shear stresses?
i

20 What's your basis for knowing that?

21 ~

THE WITNESS: -Only in looking at'the way the.
,

22(J strain gauges - are placed on there. They will be measuring --

23 there will be a tensile: component in there and a compressive

. 24 -component and a bending component; and then, also, it can be
* As -ressem naso,mes. Inc.

25 resolved.into a torsional component. That's.from the only one,

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

I and I cannot equate the specific values thereto.

2 In other words, I would have to go back to the
i

3 original values, look at the micro-inches of strain, et

4 cetera, and I do not have -- the data may well be in this

5 report, but if it is I haven't had an opportunity to see it.

!
0 JUDGE BRENNER: Have you read the proffered

~ 7 testimony of Paul R. Johnston, which is the subject of LILCO's

8 motion dated March 8, 1985?

I
. THE WITNESS: No.

10 JUDGE BRENNER: And it was your own independent

11
realization, without prompting by anybody else, that that

12 value, for the reasons you just told me, would represent a

.13 combinaticn of the bending and shear stresses?

THE WITNESS: Well, I.did discuss it yesterday

15
because I realized --

| 16
JUDGE BRENNER: Who did you discuss it with?

THE WITNESS: I discussed it with Mr. Johnston.,

18
-

; I realized as soon as I' stepped down that I had misrepresented

19
-the situation; and I wanted to clarify in my own mind, because

20
I suddenly realized that that.couldn't possibly be the correct

i

End WRB 2 2I tensile value.

"
!O
| 23

j 24
i - n nm. inc.

25

. _ , , , . . . . _ _ . . _ .. _ . . . . . . __ ._ - . _ _ _ . . . . _. ._ _
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I I would comment: I expected this to come up in

2 cross-examination, frankly, and I would have responded yesterday ,

3 but it never did arise.

- 4 JUDGE BRENNER: Well, all right. Fine.

5 Witnesses can say they want to make a correction
i

6 at any time; and as soon as they know they want to make a

7 correction, that's the better time to do it. I state that as
*

8 a general observation'. You do not have to respond.

.B3 9 As I understand it, Mr. Stroupe, the further.

:

10,' questions you were going to ask Dr. Bush are not related to

II the subject of this correction this morning?

12
-

MR. STROUPE: The'y are, I believe, related in the.

. 13 sense that the questions I would ask him refer'to stresses

Id upon the crankshaft that include torsionals, bending, shear --

15 the very stresses I believe he is talking about this morning.

16
; Frankly, all I would want to do is ask him by having him look

17
j at one s'eries of exhibits whether he is indeed able to
! 18 determine that these stresses-are linear.

I9
j JUDGE BRENNER: I think, as you candidly told me,

20 it's also the same additional.information that-you would want

; 21 to get into with your further testimony.
-

22 MR.- STROUPE: That's correct.

23 JUDGE-BRENNER:- Let's'take the whole thing up
24 together and, depending on our ruling'on your motion for

* Am-Federsi naos,wr inc.

25 reconsideration, when we all have tne exhibits in front of us.
.
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.

I We'll decide what to do at that tinie. To the extent we rule

2 in your favor, if we do, then Dr. Bush would still be around

3 for you to ask questions of him, too. And we'll decide what

O 4 to do. I . ant to see the exhibies. I suse don' t imve -- I'm ;

5 trying to visualize what those exhibits look like,!and I may

6 be confusing them among all the exhibits I've looked at.

IcanpresentthemtothbBench7 MR. STROUPE:

8 right now, if you'd --

9
_ JUDGE BRENNER: Well, I'd rather wait and just

10 have -- be more deliberative about it; and then the parties

bythenwh.llhavehadanopportunitytohavel'ookedattheII

12 exhibits, also. So we'll come back to the whole. subject.
.

13 And'we'll excuse Dr. Bush at thi's time..

,

(Witness-Excused.)
15 JUDGE BRENNER: Off the record.

16 (Discussion off the record.)
I7 JUDGE BRENNER: On the record.

18 MR. GODDARD: Judge . Brenner, before we begin the.

I9 panel on blocks, the Staff would like to state that, pursuant
5

20 to the BoErd's direction, we have completely corrected, with
21 all changes made, a copy of the Staff testimony. We have

22 been unable locally to get it reproduced and served to the .

23 Board and the parties.C
.,

Wedon'b'needittoday. We'reJUDGE BRENNER:
e me. posers noenses, Inc.

25
putting LILCO witnesses on right now. So you will have further

.\ t

t,

'

,\
_ _ _ _ _ . - __
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I opportunity to take care of all that at the time the Staff

2 Comes on. ,

3 MR. STROUPE: We hope so.

() 4 JUDGE BRENNER: I want to make sure, Mr. Goddard,

5 that the parties have the marked-up copy in advance, so that

6 Af there is any question you can resolve it before we get up

7 ' here, because I want to avoid wasted effort.

)
8 MR. GODDARD: The markup on blocks, Judge Brenner,

9
. for the Staff is simply deletion of--

10 JUDGE BRENNER: Don't tell me now. I just want to

Il make sure that we are all on the same wavelength and that

12 it is all going to be in order..

.
.. .

.

13- [} .I understand the. theory. You want to tak out

14 everything related to cam gallery, but I don't know if you

15 have any other changes. Just mark up the copie$ completely,
,

16 including the changes annotat ed that you made on the

cra$kshaftpotionofthat, and then we'll take care of it.17

?
18 But you don' t have to do it * until the Staff witnesses come

19
; back. Maybe we wil] get to them today. I don't know.
i

20 Anything is possible. '

,-

2I All right. LILCO.
I

22f3

U
23

1

24
6 Am-Fasse; isperiors. anc.

25 '

I

3 7
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|2 WRBeb 1 Whereupon,

2 CHARLES A. RAU,

3 EDWARD J. YOUNGLING,

4 MILFORD M. SCHUSTER,

5 DUANE P. JOHNSON,*

6 and j

7 HARRY F. WACHOB

8 resumed the stand and, having been previously duly sworn,

9 were examined and testified further as follows:
.

10 MR. ELLIS: Judge Brenner, the LILCO witness

11 panel has been seated. We had made labels in anticipation
i

12 of getting on earlier than today, and somehow or other, when

13 we finally got on, the labels are back in the office. We

14 are getting them quickly but if the Board wishes, I would(} -

15 like to proceed to introduce the panel'.

16 JUDGE BRENNER: Off the record.

17 (Discussion off the record.)
1

18 JUDGE BRENNER: Back on the record.

19 DIRECT EXAMINATION

20 BY MR. ELLIS:

21 Q Gentlemen, I would like for you please to state

22 for the record your name, your business affiliation, and

23 your business address, beginning, please, with Dr. Wachob.

24 A (Witness Wachob) My name is Harry Frank Wachob.

|

|
25 I work for Failure Analysis Associates. The address is

!

'

a

-- - - , , . , ,



- - _ _ _ _ _ _ _ _ _ _ _ _ _ _

_

.
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1 WRBeb 1 2225 East Bay Shore Road, Palo Alto, California.

,

2 O Would you also give your business position and

3 affiliation?

4 A (Witness Wachob) I am manager of the Materials

5 and Testing Laboratory.

6 O Thank you.

7 Dr. Rau?

8 A (Witness Rau) My name is Charles Alfred Rau,

3
9 Junior. I am vice president and principal engineer of

~

10 Failure Analysis Associates. My business address is 2225

11 East Bay Shore Road, Palo Alto, California.
,

]] 12 A (Witness Youngling) My name is Edward

13 J. Youngling. I.am the manager of Nuclear Engineering for
.

gg' 14 the Long Island Lighting Company. My business address i.s

15 Shoreham Nuclear Power Station, Wading River, New York. |

16 A (Witness Johnson) My name is Duane P. Johnson.

17 I am managing engineer at Failure Analysis Associates. My

18 business address is 2225 East Bay Shore Road, Palo Alto,

19 California.

20 A (Witness Schuster) My name is Milford

21 H. Schuster. I am employed by the Long Island Lighting

22 Company at the Shoreham Nuclear Power site in Wading River,

23 Long Island. And I am currently assigned to the Nuclear

24 Engineering Department.

O 25 MR. ELLIS: Judge Brenner, all of these witnesses

i

_ _ _ _ . _ _ _ _ _ _ _ _ . . _ _ . _ _ _ _ _ _ _ _ _ _
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1 WRBeb 1 I believe -- I did not mention it earlier -- have testified

2 before and have been sworn.

3 JUDGE BRENNER: That ' s right , and of course they

4 remain under oath or affirmation. And we can say welcome

5 back to all of them.

6 BY MR. ELLIS:

7 O Gentlemen, do you have befere you your prefiled

8 testimony entitled " Additional Cylinder Block Testimony of

9 Dr. Duane P. Johnson, Dr. Charles A. Rau, Milford

10 H. Schuster, Dr. Harry F. Wachob, and Edward J. Youngling on

11 behalf of Long Island Lighting Company," including exhibits?

12 A (Witness Youngling) Yes, we do.

13 O And do you also have before you a letter dated.

14 February 7, 1985, to Messrs. Dynner and Perlis from me,>

15 setting forth errata to that testimony?

16 A (Witness Youngling) Yes, we do.

17 O All right.

18 Is the testimony entitled " Additional Cylinder

19 Block Testimony of Dr. Duane P. Johnson, Dr. Charles A. Rau,

20 Milford H. Schuster, Dr. Harry F. Wachob, and Edward

21 J. Youngling on behalf of Long Island Lighting Company,"
22 together with the exhibits and as corgr cted by the errata ofe

23 the February 7, 1985 ' letter true and correct to the best of
24 your knowledge and belief?

O 25 Would each of you answer individually, please?

i

|

. . . . . . . . . , . , . . . . , , . . . . . . . , . .
.. _ _ _

__.,_.m_ . . _ m - - - - - - .
j
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I

:. -l WRBeb 1 A (Witness Wachob) Yes, it is.

2 A (Witness Rau) Yes, it is.

3 A (Witness Youngling) Yes, it is.

4 A (Witness Johnson) Yes, it is.

5 A (Witness Schuster) Yes, it is.
|
'

6 O And do each of you adopt it as your testimony in

7 this proceeding?

8 A (Witness Wachob) I do.
.

9 A (Witness Rau) Yes, I do.

10 A (Witness Youngling) Yes, I do.

11 A (Witness Johnson) Yes, I do .
-

12 A (Witness Schuster) I do.

13 JUDGE BRENNER: Help me out, Mr. Ellis. Weren't
~

14 you going to' delete portions of this testimon'y?
[}

-

,

15 MR. ELLIS: The cam gallery portions?
,

16 JUDGE BRENNER: Yes.
I

17 MR. ELLIS: Yes, sir.

18 JUDGE BRENNER: All the exhibits relate to that,

19 and I can see why you may wan't to separate out the

20 stipulation and get it in, although I am not sure it's

21 essential. That's why when you started talking about all

22 the exhibits and everything I.was confused.
.!

23 MR. ELLIS: That's right, Judge Brenner. In the

24 portions that were prepared for the Reporter, we have not
'

25 .yet gone through and . lined out all of that testimony, and

=>

. , - - , - , . . . . . _ , . - , .._,,-.-,%-.... . . . . . - . - . . . . - - ...-.,4,. . . - - _ . ,.._...m_.. . . - _ - , . . ~ , . . - - ,
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.2630 03 05 28794
1 WRBeb- 1 I apologize to the Board for that.

2 JUDGE BRENNER: All right.

3 Were you going to identify what we are not going

( 4 to enter into evidence?

5 MR. ELLIS: Yes, sir.

6 JUDGE BRENNER: I think the best thing is for you +

7 to do that, and then for somebody to perform those deletions ,

8 very promptly so that the copy bound into the record matches

9 what in fact is being moved into evidence. :

10 MR. ELLIS: Yes, sir.
I

11 JUDGE BRENNER: It's the same message I gave the

12 Staff about saving time.,

13 MR. ELLIS: Question and answer Number 3 on page-
,

14 4, Number 3 running over to page 5; j, .

15 Page 13, starting with IV and extending through

16 page 25..i

17 In addition, Exhibits B-65, 56 and 68 would no

18 longer be necessary in view of the resolution of the cam

19 gallery monitoring' matter .and the cam gallery itself.

20 There will also be I think a reference to the cam

21 gallery on page 2 in the final paragraph that appears in the '

i22 answer on page 2'
.

23 I believe with those deletions, Judge Brenner,

24 the remainder of the testimony will be moved into evidence.

25 JUDGE BRENNER: All right.

:
i

4

, , - ~ , - - ' ~ ~ :. :_ :- L . L ', - :,;- , . .:: :L ,

~'
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1 WRBeb 1 On page 2 you are deleting the entire last paragraph,

2 beginning with the word " Finally...."

3 MR. ELLIS: Yes, sir.

4 MR. GODDARD: The Staff requests a clarification,

5 Mr. Ellis. What was the first deletion which you made prior

6 to th e--

7 MR. ELLIS: The first deletion would be on page

8 4.

9 JUDGE BRENNER: It was answer 3 on page 4, and

10 carrying over to page 5 I believe.

11 MR. GODDARD: Thank you.

12 MR. ELLIS: And there will of course be an

-- 13 associated deletion in the table of contents that I don't
, ,

(} - 14 think is terribly important.

15 We have copies for the Reporter but we will line

16 those out with black ink and give them to the Reporter by

17 the first break.

18 JUDGE BRENNER: Fine.

19 MR. DYNNER: May I'make an inquiry, please?

20 On page 12 is it intended to leave in the third

21 sentence?

22 MR. ELLIS: I'm sorry, which sentence is being

23 referred to there?

24 MR. DYNNER: The third sentence that refers to

O 25 the cam gallery cracks on page 12 of the testimony.

6

___ _ _ _ . - - - - , -~ -- . , . _ . - _ . - , _ , ,.. .. , , . . , , . . , , .-
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'l WRBeb 1 JUDGE BRENNER: It begins: "The original EDG 103

2 block experience...." - )
!

'

3 MR. ELLIS: I think that is not intended to be
.

4 struck, Judge Brenner.

5 JUDGE BRENNER: Here again this is why these

-6 things should be done in advance. I don't mean to seem

7 unreasonable, but you could have talked about it and I

8- believe probably done some editing on that sentence. I'm

9 making some guesses here, but LILCO could keep in what it

! 10 wanted to keep in and nevertheless delete the reference to
:
'

11 the cam gallery.
,

12 Do you want to leave the hours of operation in?

13 Is that your problem, Mr. Ellia?

*

14 - MR. ELLIS: * May I have a momerit, Judge Brenner,

15 please?

16 (Pause.)

i 17

18

. 19
|'

'

20
.

21

22

23
1
t24

i O >
-

| 25

a
!

|
[

!
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1 WRBbrb 1 JUDGE BRENNER: If I can interrupt you for a

2 moment, Mr. Ellis, and then I will give you a moment,

3 perhaps what you might want to do -- I'ra guessing, so I may

4 be wrong on this -- is to say the original EDG 103 block

; 5 experience included 30 hours at or 'above 110 percent of
i

6 nameplate load, and leave it like that.
'

7 MR. ELLIS: Yes, sir.'

8 JUDGE BRENNER: All right, sir. We will delete

9 the "which" for the sake of language; and then, for the sake

10 of substance, delete " demonstrated that cam gallery cracks

11 will not propagate", which is the last clause of the

*

12 sentence.

13 MR. DYNNER: I have another question, and that is-

(} 14 that there are numerous references to cam gallery cracks on>

.

i 15 pages 5 and 6 and 7. And it's out opinion that perhaps

16 those pages ought to be looked at, too, because tlue cam'

,

17- gallery issue has been -- is no longer part of this

18 litigation, and I don't see what the use of all that

19 testimony about the cam gallery cracks would be.'

20 JUDGE BRENNER: Recall that yesterday we accepted

21 both parties' positions in approving the agreement on the

22 cam gallery; and part of the County's position was that no

23 findings would be made regarding the cam gallery cracks.

24 That remains the approved position, and perhaps

O
25 we-could resolve it by reiterating that statement. It is

-i

_ _ .. _ _. , _,. _ . _ , _ . _ . - __ - ,
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| 1 WRBbrb 1 cleaner if we can get everything out instead of taking of

: 2 time now. And I haven't reread it, but you have, if they

3 are just passing references, you know we are not going to be

4 making any finding on the cam gallery cracks.

5 would that solve your problem?,

6 MR. DYNNER: Yes. In fact, I would not care if

7 you leave it in or take everything out. It is just that you

8 started -- they started with the procedure of taking out the

9 testimony, and I thought, if you're going to go that way ,

10 for the sake of consistency it should all be out. But I

11 don't think you have to take anything out as long as nobody

12 is going to refer to it in any of the findings.

13 JUDGE BRENNER: Well, there is an aphorism about

14 foolish consistency, which maybe we will adopt here:- It's

15 cleaner to have taken it out, and when it's easy to do so --

16 but I think we can live with where it is now. -

17 MR. ELLIS: All right, sir.

18 I think there's also another issue to which it

19 may be relevant, and that is the County's contention that

20 the new 103 block is inadequately tested or approved.
1

21 JUDGE BRENNER: With respect to cam gallery

22 cracks, it's no longer an issue.

23 MR. ELLIS: That's correct, Judge Brenner.

24 MR. DYNNER: That's correct; and, at this time,

O 25 if you would like, before we start cross-examination I will,

-6

-

*+v4 % % i w O 4 % h
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2 WRBbrb l' make the statement for the record, with respect to the

2 blocks, as I had with respect to the crankshafts. -

3 JUDGE BRENNER: All right. Give u.a one moment.

4 MR. DYNNER: Certainly.

5 JUDGE BRENNER: Off the record.

6 . (Discussion off the record. )

7 JUDGE BRENNER: On the record.
,

8 What we will do at this point is admit.the

9 testimony of the LILCO panel of witnesses on the subject of

10 additional cylinder block testimony, with the corrections

11 and deletions that ,have been discussed on the record, and

12 with the limitation we have identified to the extent there

13 may still be some passing references to the cam gallery

'* '' 14 cracks.
[}

-

15 And we will immediately, at the same point in the

{ 16 transcript, immediately follow the testimony with the
.!

17 two-page stipulation dated January 14, 1985, and signed by

18 counsel for all the parties, on the subject of the cam

19 gallery cracks. Of course, that stipulation is Ird to and

20 is referenced in the settlement of the cam gallery
4

21 contention that we approved yesttrday,-and bound into the

'

22 record yesterday.

23 (The documents follow.)
i'
'

24

O 25

,

I

h

''
i

i
i

.
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Alan R. Dynner, Esq.
Kirkpatrick & Lockhart
1900 M Street, N.W.
Washington, D.C. 20036

Robert G. Perlis, Esq. .

U.S.' Nuclear Regulatory
Commission

Washington, D.C. 20555

Dear Alan and Bob: g

O ms 1etter usts errata for mCes euauned toad, ad-
ditional block and crankshaft testimony.

I. Errata Recardino Additional Crankshaft Testimony

A. Page,2, line 22, the words " crankshafts were" should
read " crankshaft was." |

'

- B. Page 6, line 1, the words "Were the crankshafts"
should read "Was the crankshaft." -

C. Page 8, line 15, the word " crankshafts" should read
" crankshaft."

D. Page 8, line 17, the words " crankshafts have" should
read " crankshaft has.."

II. Errata Regardina Additional Block Testimony

A. Page 4, answer 3, paragraph 3c, first sentence, de-

O lete the word " replacement" which appears at the end
of the first and beginning of the second lines.

B. Page 6, last.line of answer 6, insert the word "dur-

[ ing" in lieu of "before."
*

P
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_O Page 2

C. Page 9, delete the term " replacement" the first time
it appears in the first sentence of the second pard- |

'

graph.

_ _ III. Errata Regardine Diesel Generator Qualified Load Testimony
.-

A. The portion of answer 2 on pages 1 and 2 is set
forth fully below with the revisions underscored.

(Dawe) My current position, to which I
was appointed in February, 1985, is

_

Supervisor of Proiects within the Nuclear,

_ _

Technologies and Licensing Division of
Stone & Webster (SWEC). I am responsible

for technical and administrative_ _ . _

supervision of personnel assioned to SWEC
~

- '

_ .. _.

headquarters proiects, including field

.O'

ia" #e -

I joined Stone & Webster in 1973 as an En-
gineer in the Licensing Group. In January
1974, I was assigned as Licensing Engineer
for the Shoreham Nuclear Power Station
(SNPS) under construction, and was Lead

'Licensing Engineer from 1976 to 1980. In
this capacity, I was responsible for all
licensing related activities for SNPS,
including preparation of the Final Safety
Analysis Report. From 1980 through 1984,
I held the position of Supervisor of
Proiect Licensing within the Licensing
Division. My duties included assuring
proiect awarenes,s of regulatory
recuirements anc developments, assuring
proper and consistent application of SWEC
licensino policies, and consulting with
proieces and c:.ie.,rs on licensing issues.
I have had add:tional assignments at Stone

O & Webster including development of company
positions for NRC Regulatory Guides and
Lead Licensing Engineer for the Special
Projects Group of the Operations Services

.

*

+e- g _ >- -
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| Page 3

i

Division. I am also the Stone & Webster
representative to, and participating mem-.

ber of, two subcommi-ttees of the AIF Com-
mittee on Reactor Licensing and Safety.

B. Page 5, eighth line from the bottom, insert " gen-~

erators" in lieu of " operators."

C. Page 16, third and fourth lines from the bottom,
should be changed to read as follows: "approxi-

, mately 22 minutes every 48 minutes during the op-
"eration of the diesel (at 3300 KW)

,

. . . .<

D. Page 25, line 2, change " Revision 7" to " Revision
| 9."- ,

E. . Page 25, lines 3-4, delete "(iii) SP 29.015.04,'

O, .

Revision 0, ' Loss of Coolant Accident Coincident
With a Loss of Off-Site Power,'" and change "(iv)"
to "(lii)."

F. Page 25,-line 5, change " Revision 4" to "Rev.sion
5."

G. Page 25, second line of second full paragraph,
change " LOOP /LOCA" to " LOOP" and change "SP'

29.015.04" to "SP 29.015.01."'

H. Page 26, fourth line from bottom, insert "such as"
,

; for "for.".

I. Page 27, answer 22, third line, change " February
1, 1985" to'"Februar.y 1985."

J. Page 32, delete the last sentence on the page
which reads "The CRD pumps cannot be restarted as

i

long as a LOCA signal is present."-

O
; K. Page 33., line 3 of answer 29,. delete term " auto-

matic."
i

|

t

s
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l

+e ,,---,-+*~w,-,e ,,.*,,--o-- s-,w--**-a#vae,r e- a-w e e ,ww--c. , , - , - . ,e -- , - ,--..,. , , , - - - - . - - , - - --,.----w -- ,- e ev,.



. j/
Qr s

~-;4

- HUNTON & WILLI AMS

February 7, 1985

O Page 4

L. Page 33, answer 29, fourth line, insert "3741.8
KW" in lieu of "3839.2 KW" and "3575.2 KW" in lieu
of "3627.6 KW."

M. Page 34, second and fifth lines, substitute
" runout" for " design."

N. Page 34, first line of last paragraph, insert the
figure "999 KW" in lieu of *1022 KW."

O. Page 34, last paragr,aph, line 3, insert "3707.9
KW" in lieu of "3867.3 KW" and delete the paren-
thetical sentence which follows..

P. Page 36, third line from bottom of first full
paragraph, delete. "to." .

() If the County and Staff plan to submit testimony errata* .

at the time of the hearing, it would be helpful if you would
send it to us in advance'of the hearing.

Best wishes.

Sincerely,

o . s. g w' III.

T. S. Ellis,

75/403

cc: Service List ,

O

,

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ . _ _ _ _ _ _ . _ _
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'

o

In the Matter of )g
)

LONG ISLAND LIGHTING COMPANY ) Docket No. 50-322 (OL)
)
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Unit 1) )

;
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i

ADDITIONAL ' CYLINDER BLOCK T2STIMONY OF
DR. DUANE P. JOHNSON, DR. CHARLES A.

RAU, JR., MILFORD H. SCHUSTER, DR. HARRY F.
,

WACHOB AND EDWARD J. YOUNGLING ON BEHALFO OF LONG ISLAND LIGHTING COMPANY
.

I. Introduction

1. 'Please state "your names and summarize your profes-
q) { ) sional qualifications.! -

.

A. (Johnson) My name is Dr. Duane P. Johnson. My pro-

fessional qualifications are set forth in my previous testimony

O during this proceeding.

(Rau) My name is Dr. Charles A. Rau, Jr. My profes-
i

sional qualifications are set forth in my previous testimony

II during this proceeding.

(Schuster) My name is Milford H. Schuster. My pro-

fessional qualifications are set forth in my previous testimony

[3 in this proceeding.

(Fachob) My name is Dr. Harry F. Wachob. My pro-

O
| fessional qualifications are set forth in my previous testimony

4 in this proceeding.

a

.

I

Y

. _ . . _ . . , , _ . _ . _ _ . . . _ _ _ _ . . . _ . _ , __ . . _ _ . .



_ _ _ _ _ . - _ .. __ __ - . . _ _ _ _ __. _ ._ __ _ _

O_

.

-2-
j|3 '

!

(Youngling) My name is Edward J. Youngling. My

.

professional qualifications are set forth in my previous testi-
O

mony in this proceeding.

:. 2. What issues are addressed by this testimony?
:

A. (All) Among the topics addressed are the EDG 1034

0 .

endurance run, the results of inspections on.the block follow-
J

ing the endurance run, and the effect of these inspections on ;
4

Lilco's previous evaluations and conclusions.
! Also addressed are the effect of operating the EDGs at>

4

j the qualified load of 3300 KW, including the margins between
-

,

demonstrated performance and that. cumulative damage which a

3(]) inv'lve. .
. .

'

{ postulated LOOP /LOCA might o
! '

-in:117, tr.; Ce r.;,;... . .yul cGo cnat is a .. n:t ; -t
| y
,

|0
to disq 'ify the blocks on the basis of the cam ga ry

:

i cracks. Howe it still contends that the acks in the EDG
:

! 101 and 102 blocks s ld be monitore y placing wire strain
'

:

l gages across the cracks an suring the' depths of the
.

|Q
; cracks before operation at th irst refueling outage.

| This testimony addr e's whether there any need to monitor
!

the cam gall cracks in the EDG 101 and 10 locks in light'

O
'

of'th gh magnification photomicrographs, the x- crys-

j 37) .;11;sr:ge.y =4 . - ..--< : :- .--. ---->. . _

!o

..
i

|

h

_ . _ . .. ._ - . _ .
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:

3. Please b'riefly summarize the conclusions reached in
-(]) your' testimony.

O A. (All) Our conclusions are as follows:
'

1. Fluorescent magnetic particle inspections of the
3

block top and eddy current inspections of stud holes on ..he

x3 block top of the EDG 103 replacement block at the conclusion of

the endurance run detected no reportable indications. The ab-
,

sence of ligament or stud-to-stud cracks in the block top con-

() firms our opinion that the design enhancements introduced in
1
! the EDG 103 replacement block are beneficial and that they have
!

reduced the possibility of fatigue-crack initiation. Further-.

.

more, the additional operation of ,the repliccment block at 3300!Q' i

,

KW for more than 500 hours during the ei. durance run confirmsv -

;

i
j that the replacement block has been adequately designed and
4

!Q tested. Clearly, it has proven its capacity to perform its in-

| tended function of providing emergency power during postulated
:

| accident conditions at Shoreham.
|

!cy 2. Operating the EDGs at the qualified load of 3300 KW
\

produces lower cyclic stress in the block top and in the cam!

i
i gallery than at higher loads. This reduces the possibility of

,

ty fatigue crack initiation in the block top", and reduces the rate

f of any crack' propagation should crack initiation occur. Fur-
1

!

| (), ther, cumulative damage analysis shows that, if.a postulated
1

g LOOP /LOCA occurs, the EDGs will-perform their intsnded. function

1

with even greater margin at the qualified load than at the
'

.
h

| higher-loads previously analyzed.
I

h

.

:

I
n r~r: , -- .. - .-. . . . _ . ,. , .. ,- - , . ~ . . .- . + ~
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3. It iC T.Ot n;;;;;**y to mnniiGs wue cam gallsig
"

O
cracks in the EDG 101 and 102 blocks by placing wire stra'

:O
gages ac oss the repair welds or by measuring the depth f the

cracks wit the TSI depth gage at any time prior to t first

refueling ou ge because:

i a. The 50x magnification photomicrographs and the
,

j x-ra crystallography, combined with evious frac-
tograp ic and metallographic examina ons, demon-
strate hat cam gallery cracks up t 0.91 inch deep
in the o iginal EDG 103 block did ot propagate in

G' more than 1200 hours of operation despite the se-
. verely deg ded fatigue and frac ure properties of

that block terial and the pr ence of cracked re-
pair welds. ccordingly, the racks in the EDG 101
and 102 block which have s erior fatigue and
fracture prope ies and sma er repair welds, will-

:O not propagate.

O
,

b. Strain gage measur ents ade on the cam gallery of
the EDG 103 replace nt lock prior to the endurance
run demonstrate that e stresses perpendicular to

.

the cam gallery crack 'ndications (i.e., vertical)
:Q are fully compressiv d ring EDG operation,

including quick sta ts t 3300 KW and continuous op-
eration at 3300 KW Extr olation of this data
shows that the st esses re in fully compressive at
3500 and 3900 KW Since fa 'gue cracks do not grow
in fully compre sive stress ' elds, the strain gage

O data confirms ur prior opinio based on physical,

examinations, calculations and acture mechanics
analyses, t t regardless of the resence of any re-
sidual stre ses, the cam gallery c acks in the EDGs

i have not p opagated and will not pr agate in the
i future.
'O
| c. Since .e strain gage measurements on t ; ;; '_1_ _ -
' aume G 103 replacement block are direct applica-

ble fracture mechanics analyses of the m gal-O ler cracks in EDGs 101 and 102, they confir that
th cam gallery cracks in the EDG 101 and 102 locks

O' w' 1 not propagate even at loads up to and incl ing
00 KW. Further, the presence of any residual

stresses will not affect the validity of the stral*

gnge ---,,1*._ nonianni . + ,- - e r ; ; ,;, , u i p v i ; 7,3 _,

O

.
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IQ.

ks in the EDG 101 or 102 blocks _=h::h ... e;

O sum theticall for y 2yvses of analysis to ex-
4 tend subs += 1'1 ow the repair welds would be
!D M ll and c .

II. ' Confirmatory Testing and Post
Endurance Run Block Insoections'

,

T3 4. What is the operating history of the EDG 103 re-
placement block?

.

| A. (Rau, Schuster, Wachob, Youngling) The EDG 103 re-
)
] placement block was installed in June 1984. Since June, EDG
A

103 has been operated for more than 849 hours. Of these hours,
,

i 70 hours were at or above 3500 KW and more than 507 hours were
,

at or about 3300 KW as indicated on the main control room kilo-,

:O ( ) watt meter. I substantial portion of the hours placed on the
'

EDG 103 replacement block occurred as a result of a 745 hour
i

l@
7(10 loading cycles) confirmatory test. The endurance run por-

!

| ,
tion of the confirmatory test was performed at the load level -

,

! of 3300 KW, which is the qualified load for the Shoreham EDGs.

! 5. Was the EDG 103 replacement block inspected after
;O , the 745 hour confinnatory test?

A. (Johnson, Rau, Schuster, Wachob) Yes, the cam gal-

lery area and the block top region of the EDG'103 replacement4

!O block were inspected at the conclusion of the endurance run

portion of the 745 hour confirmatory test. In accordance with

the program approved by the NRC Staff, which is outlined in

|Q SNRC 1094, the block top region was examined using-fluorescent

i* magnetic particle and eddy current inspection techniques. The

?
. .

'r f in ,l , - - + .- - , >~-+or.-,--,s - - - --w-..-, - .-,,-eaw.
*
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inspection showed no ligament or stud-to-stud cracks. In addi-

O tion, eddy current examination of the four stud holes between'

iG
cylinders no. 4 and 5 confirmed that neither ligament cracks
nor stud-to-stud cracks initiated at the block top or at any

location on the stud hole surface between the block top and the
:D
] bottom thread in the stud hole.

The cam gallery area of the EDG 103 replacement

block was inspected at cam bearing saddles no. 2 and 8 using.-

i9 visual, magnifying glass, liquid penetrant and magnetic parti-j >

cle examination techniques. Small, discontinuous linear indi-i

; -

cations detected by, liquid penetrant examination were evaluated

|Q{}
,

-

. .

( with the TSI crack depth gage to measure their depth. The

deepest indication recorded after the endurance run was 0.010.

i

! inch deep. The remaining indications were all 0.004 inch deep

\3
or less.:

4

6. Will any of the cam gallery indications impair the,

ability of the EDG 103 replacement block to perform its intend-;

i ed function?
|Q

A. (Rau, Wachob, Schuster, Youngling) Absolutely not.

! The indications evaluated-after-the completion of the endurance
|

| run showed no significant change from their condition at the
13 .

; time they were initially detected prior to the endurance run in
|
t october 1984. These indications are still not detectable visu-

| ally without a magnifying glass, and they have been measured
iO 6m,e'm -

both i:' r$ hand after the endurance run to have no significant
is
|

C- .

--
. - . .. _- - -
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| depth. Furthermore, casting shrinkage cracks as deep as 0.91 '

4 ,

'

inch in the original EDG 103 block did not propagate during

iQ
more than 1200 hours of operation, including more than 400

hours of operation at or above 3500 KW, despite the severely

i degraded fatigue properties of the block material. Consequent-

}3
;.

ly, the very shallow indications in the EDG 1~03 replacement

block, with its superior fracture and fatigue properties, will

not impair the ability of EDG 103 to provide emergency power at

!O
| Shoreham.

| 7. If the cam gallery indications in the EDG 103 re-
placement block-have not: changed, why are there some differ-,

I ences in the inspection reports before and after the endurance
,

j$ run? .

v A. (Johnson, Rau, Schuster, Wachob) None of the cam

gallery inspection reports show significantly dif ferent indica-

37 tions after the endurance run. Minor differences in mapping of

; the surface indications revealed by magnetic particle and lig-

| uid penetrant techniques before and after the endurance run are
i !

jg not significant. The insignificant differences result from the
E

very shallow nature of the indications, minor differences in|

surface cleaning and. preparation, and test techniques.
,

pg .Similarly, minor. variations in the depth of indications ;

i
'

measured by the TSI crack depth. gage are not significant. Some

f () slight variation is_ expected in reported depths because they_
f

g are within the accuracy of the TSI crack depth' gage. In our
~

h opinion, when the visual, magnetic particle, liquid penetrant-
!

t

i

'
--,,,rr . , ,

_ . - . __ , _ ._. _ , _ _ __ - _. _ ,..
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1

! and TSI depth gage inspections are analyzed as a whole, they
O- indicate that no propagation of these indications has occurred

50
during more than 500 hours of endurance testing on the EDG 103

i
! replacement block.

4 8. What effect, if any, do the results of the inspec-
!O tions of the EDG 103 replacement block following the endurance

run have on your opinion regarding the adequacy of its design
; and testing?

: A. (Rau, Wachob) The product enhancements incorporated

[Q into the EDG 103 replacement block have now been further tested
.

by actual operation at Shoreham. The absence of any detectable
. .

ligament or stud-to-stud cracks in the block top after the en-
;

,

durance run confirms our opinion that the' design enhancelments

|@ Q , . .

-

2

I introduced in the EDG 103 replacement block are beneficial.

Since the EDG 101, 102 and original 103_ blocks had initiated

!Q ligament cracks at approximately-an equivalent number of op-
i
' '

erating hours as have now been placed on the EDG 103 replace-

! ment block without block top cracking, the design enhancements
! '

:q have reduced the possibility of fatigue crack initiation.

Thus, the endurance run confirms our previous testimony, which

I was based on our review of the replacement block design and on

d our review of the R-5 test . engine experience', that the replace-

ment block has been adequately designed and tested.

() 9. Should the replacement block have been tested for
745 hours at or above 3300 KW to confirm.its adequacy for=nu-

c1 clear service?
4

I

l'
4

o
,

~ ,7*
'

- - - , . , - , , . . ,,,y ..,,._M,..m. ._. , . -4_,_.,__ ,, 4,.y,w, .y-

'

'
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l A. (Rau, Youngling) No. The 745 hour confirmatory

(:).

7test (10 loading cycles) was performed primarily to evaluate
'O ,

the adequacy of the modified crankshaft. The County's conten-

! tion with regard to the replacement block, and our testimony
.

|3
with, respect to the replacement block, addressed whether it was

!

.

an unproven design that was inadequately tested. Operation of

j the engine'since block replacement for more chan 849 hours, of
which more than 577 hours were at or above 3300 KW, furthqr

i substantiates the extensive R-5 test experience. This confirms
i

| . our opinion that the design enhancements incorporated into the
i

block are beneficial, and that the design is both proven and'

.

10 {}( adequately tested.
-

Furthermore, testing the W EDG 103 replacement

7block for 10 loading cycles was not necessary in light of our
|O!

cumulative damage analyses of the EIX3101 and 102 blocks.'
-

!

These prior analyses demonstrate that the blocks are capable of
'

performing their intended function even though they have liga-

ment cracks. Thus, testing the EDG 103 replacement block for

more than~577 hours at or above 3300 KW without developing any

detectable ligament or stud-to-stud cracks further demonstrates
Q

that the block is qualified for nuclear service.

10. 'Since the EDG 103 replacement block has no ligament
O cracks, does it need to be inspected on the same basis as the

EDG 101 and 102 blocks for stud-to-stud cracks?
O' -

.

.

Y

a_ ,
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A. (Rau, Wachob) No. In our original testimony, ve

O\' stated that the EDG 103 replacement block should be inspected |

'3
on the same basis as the EDG 101 and 102 blocks until suffi-

cient operating service without ligament cracks had been ob-

tained to increase the inspection intervals. The endurance run
'3

has placed enough hours on the replacement block without the
,

development of ligament cracks to justify extending the inspec-

tion interval for that blerk.
;1)

The EDG 103 replacement block can now be operated without

additional inspectidns for stud-to-stud cracks for combinations

of load and time that produce less than the allowable fatigue'

.3 .

(]} damage index. In other words, operation may continue withou't;

further block top inspections until the fatigue damage index
,

accrued is equal to one-third of the fatigue damage index dem-
@

onstrated for the original EDG 103 benchmark period minus the
.

fatigue damage index that would be required for one postulated

LOOP /LOCA. Since it is anticipated that the EDG 103 replace-
Q

ment block will experience less than 100 hours of further op-
,

eretion before the end of the first fuel cycle, no additional

block top inspections are necessary until the refueling outage.
3

III. Effect of the 3300 KW Qualified Load

() 11. What is the effect on the EDG blocks or operation at
up to the qualified load of 3300 KW7

|O
| A. (Rau, Wachob) Operation of the EDGs at a maximum

-

.

- s., * -
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load of 3300 KW rather than a maximum load of 3500 or 3900 KW

will produce lower cyclic stresses in the block top and in the:
;O
^

cam gallery. Specifically, operation of the engine at the
'

lover load levels reduces the cylinder firing pressures, ther-
:

mal strains, and vertical loads imposed on the head during cyl-;

13 inder firing._ This results in a corresponding reduction in the'

'

loads transmitted.to the block through the head studs and

through contact with the liner and block top. As a result, the
~

.

7 ,

possibility of fatigue crack initiation in the block top is re-

duced, and, should crack initiation occur, the rate of any
.

crack propagation will be slower,.

M)
*

12. The County cdntends that-the qualified load might beO ..

exceeded for brief periods of time during EDG operation. If
brief load excursions occur over 3300 KW, what effect, if any, '

4 will they have on the blocks?

O A. (Rau) We have previously testified about the effect

j of engine operation at 3500 and 3900 KW. Our cumulative damage

analysis of the block tops demonstrated that the blocks would

|o withstand with sufficient margin a LOOP /LOCA with a postulated

load profile that included 0.2 hours at 3900 KW and 0.6 hours

at 3500 KW.
,
,

,g Further, stresses in the cam gallery area will not in-

crease significantly at power levels above 3300 KW. These'

.( ). stresses have been verified by the strain ~ gage testing, which-

|c demonstrates that the vertical stresses remain fully com-

;. pressive even when extrapolated-to loading as high as 3900 KW.

4

i'
i- A
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Reliable operation at loads in excess of 3300 KW has also
O been verified by the operating experience of the EDGs. Despite

|O- hundreds.of hours of operation above 3500 KW, including more
,

'

than 25 hours each at or above~110% of nameplate load, EDG 101

and 102 have not developed stud-to-stud cracks. The original
:3

EDG 103 block experience, which included 30 hours at or above

110% of nameplate load, demonstrated that cam gallery. cracks

will not propagate. In addition, the EDG 103 replacement block

has already experienced-70 hours of operation at or above 3500_ ;

KW. These are direc,t demonstrations of the blocks' ability to
perform reliably at loads up.to and including their overload .

G, {}
,

~

( rating for brief periods of time. Thus,'both the analytical'

and the empirical evidence demonstrates that brief excursions

over 3300 KW, should any occur, will not impair the ability of
G

the EDGs to perform their intended function.
,

13. What is the load profile.that the EDGs at Shoreham
will experience should a LOOP /LOCA occur?

O A. (Youngling) The maximum emergency' service. load on

any EDG is bounded by 3300 KW. A conservative LOOP /LOCA load.

profile would be 0.2 hours at 3300 KW, 0.8 hours at 3200 KW,

O and up to 167 hours at 2617 KW.

14. What effect, if any, does *he reduced load profile
have on the results or the conclusions of the cumulative damageO analysis?

O A. (Rau) A postulated LOOP /LOCA result'ing in a load

profile of 0.2 hours at 3300 KW, 0.8 hours at 3200 KW and 167i

m-

- 2
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'

I

hours at 2617 KW will produce less fatigue damage than the
s

O LOOP /LOCA load profile previously analyzed. Analyses of the
'O

damage accumulated by the original EDG 103 block during the

test period from March 11 through April 14, 1984 demonstrates

that at the actual load profile of the EDG 101, 102 and 103 en-

.O
j gines, t,he blocks will withstand a postulated LOOP /LOCA with

.

even greater margin.

15. Has FaAA performed additional cumulative damaget

{O analyses of the block top since the conclusion of the previous
hearings?

A. (Rau) Yes. As part of the preparation of the final
*

generic block report, which was issued in December 1984, cumu-

iG( )
'

' lative damage calculations' vere' performed employing'a refined

determination of stresses from the strain gage testing. The
,

! additional cumulative damage calculations set forth in the
!O

final block report confirm our conclusion that the Shoreham

blocks will perform their intended function with sufficient
.

margin during a postulated LOOP /LOCA.
(O '

". "r~;*^';~2 cf the rll;r; Cr che ir-- c

; the EDG 101 and 102 Blocks is Unnecessarv
,

! 16. Is m oring of the cam gallery cracks in
*

-101 and 102. blocks n sary or justified?ja
i A. (Rau, Wachob) No. e is no need to monitor'the

() cam gallery cracks r to the sche ed maintenance interval'

'

jo at.the f' refueling outage. In addition our previous

Culationn_ and #w=e*nnemnhic and metallogranhije
_

N* *

e
|
|

____._m___.__________,____. , .. . - . . _ _
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we now have additional ame= hi;h ;;iabli;h;-r:-ir tic---

O /-

: tha monitoring is not necessary or justified. First,

'D '

photo 'crographs taken of the weld shrinkage crack at 550x con-

firmed L co's previous testimony that the cam gal ry cracks

in the orig'nal EDG 103 block were fabrication c acks that had1

|O
not propagate during EDG operation. Second, -ray crys-

tallographic ana ses were performed on th oxide present on
,

,

the cam gallery cr ks in the original 103 block which es-
;O'

tablished that the o 'de was primaril (85 percent) magnetite.

|
As a result of these te ts, the Co ty~has stipulated that the

i

! cracks in the EDG 101, 10 and o iginal EDG 103 blocks have not -

IO -

| (]) propagated during or as a r su t of,EDG operation. Finally,*

strain gage measurements ma on the EDG 103 replacement block,
'

which are applicable to f ctur mechanics analyses of cracks
!O

in the EDG 101 and 102 locks, es blish that the cam gallery

! cracks will not prop ate beneath th repair weld depth even

considering the pr sence of residual s esses.
;O
<

A. Hic Maanification Photomicroa ohs

17. P ease explain in greater detail ow the high magni-
4

J .fication p tomicrographs support your conclu *on that moni-
'

|0 toring is nnecessary.

l A (Rau, Wachob) In our previous testimo at Tr.,

'( ) 2652 26, we discussed a series of photomicrographs aken from
;

!(y a etallographic cross-section of cam gallery bearing pport

b. _ ' ^f th. usiginaA suu AG3 ulwC . Iv vi snuse _^

1
i e

i

.,

y
,

i

I._?| ._,_____._.m, _ . . , . . _ _ . , , _ . , . ~ . , _ . . _ , , . , , . . _ _ . , , , _ . _ _ _ _ . _. _ ., . m_, _ _ _ . , _ . . _ , _ _ _ , , , - . _ _ , , _ _ _ _ _ , . _
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1

b rt: icregr:phr, =hich are shaun in r.41cn v.wibit = c;, 3 pict-h

() wh t we have called the casting shrinkage crack. As shown '
O j

Exhib*t B-63, these photomicrographs were taken at 100x d |

- |

500x ma ification. Two more photomicrographs, depic d in !

County Ex ' bit S-4, were taken at 50x and 100x mag fication of

what we hav called the weld shrinkage crack, wh'ch, as shown

~

in Lilco Exhib t B-61, is directly adjacent t the casting

shrinkage crack. owever, as was discusse at Tr. 26525-26, no

500x photomicrograp was originally take of the weld shrinkage

crack.

,At the meeting of e parties n November 20, 1984, Lilco
,O -
.

(]) agreed to take additional'p tomi rog'raphs of the weld shrink-

age crack at 500x magnificati (See Tr. 26990-91). Accord-.

ingly, two additional photo cro aphs at 550x were taken of

representative areas of t e weld sh inkage crack in. cam gallery
,

bearing support no. 7. These photomi ographs are attached as

Exhibit B-65. The 1 cations where these hotomicrographs were

taken are shown i Lilco Exhibit B-66, whic is a marked-up
I
|version of Cou y Exhibit S-4.
|
'

The 5 x photomicrographs confirm what the 00x
,

0
photomier graph in County Exhibit S-4 depicted, nam y that the

weld s rinkage crack surface has a very thin oxide whi is

mar edly different from the uniformly thick (0.2 to 0.5 m s),
3 -

,--k cride-on tne contiguous u.=Lluy =iuinkovo crack uep; t_,
.

|
!
|

s e

i

__ , ._ _ . _ .

i
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:

'- tilen Erhibit B-63. Comparison of the 500x nhornmi- ;; ;yP
O

of e casting shrinkage crack in Lilco Exhibit B-63 with tg

550x otomicrographs in Lilco Exhibit B-65 shows the di er-

ence bet en the oxides present on the casting shrink e crack
;

and the wel shrinkage crack. The light gray appea nce of the

crack surface n the casting shrinkage crack is e to the

; presence of the hick oxide. The absence of a ight gray layer

on the weld shrink e crack reveals that no hick oxide is*

O
present. .

: The significant 'fferences betw en the photomicrographs

confirms the opinion we e ressed ,Tr. 2.6469 that the casting
Q .

~'

() shr'inkage crack must have be f rmed before the weld shrinkag'e
,

crack formed. The clear and nounced difference between the,

thick, dark oxide on the sting rinkage crack and the very

I thin oxide layer on the eld shrinka e crack indicates that the

' casting shrinkage cr k formed during e fabrication process

i and did not propa te during EDG operatio . -

O
,

B. The Sticulation

18. ease describe in greater detail ho the x-ray
crystallog phy and the Stipulation support your onclusion

3 that moni oring is unnecessary.

(Rau, Wachob, Youngling) As a result of e x-ray

() llography performed on a section of the cam galle crackcrys
l

S fro bearing support no. 7 of the original EDG 103 block, ich |

0 M_t::.;;u J unos th; ; 10. inyer on tne cracx was primarily tod

!

|
p '

'

|

- . -- \
, , . . . .- - ._
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- rc=nti ==0n=*i+= the partic; hav; ;t pulated that the oxidei
y

O lay was formed at high temperatures at the time of th cast-
G

ing p cess and that the layer was not due to frett' g corro-

sion or raphitic corrosion. The parties have so stipulated

that this vidence supports the conclusion t t the cam gallery

cracks in th original EDG 103 block did t propagate during

or as a result f EDG operation. Furth r, the parties have

stipulated that e evidence justifi the conclusion that the

cracks in the cam llery areas o EDGs 101 and 102 formed dur-

ing the casting'proce s, and t t this supports the conclusion
*

that the cam gallery cr eks ' EDGs 101 and 102 did not propa-
0

'

A copy of the

*

{} gate during.or as a resul' of EDG operation. .

Stipulation stating tha Suf olk County and the State of New

York do not seek to d'squalify he use of the EDG 101, 102 or

replacement EDG 10 blocks on the asis of the cam gallery

cracks is attach as Exhibit B-67.

The Stip ation, which was based n the results of the
Q

x-ray crysta lography, establishes that t cam gallery cracks
,

in the EDG 101, 102 and original EDG 103 blo s have not propa-

gated du ing more than a thousand hours of oper ion on each

engine including hundreds of hours of operation a or above

3500 W. Specifically, with respect to the original G 103
O

bl ek, the x-ray crystallography and the Stipulation esta
'

O
__!rher thet ::: ther 1?nn hnurs of nrer t;ou, i r.;1ud i r. .... ;.

.

i

i

Sh
|

t ' - -
. . . -
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t == Ann M ;- c' rper:ti:- :;;r ;;GG KW, ala uvc vou.; r--'h

O pro agation despite the severely degraded material of tha
.O

block nd the presence of large weld repairs with weld brink-

age crac .

Based n this extensive operating experienc , there is no
iG
.

j reasonable eng'neering basis for concluding th cracks mea-

sured to be much maller and shallower in t EDG 101 and 102

blocks will ever p pagate, let alone pro agate during the 100
O;

hours or less of ope tion that the E are anticipated to ex-

perience prior to the 'rst refueli outage. Accordingly,

there is no'need to perf rm any nitoring or re.aasuring of the
'

;O

| (]) ' cam gallery cracks prior't th first refueling outage. Map-

ping of the cracks at the m tenance interval scheduled during

the first refueling outa is m re than sufficient to confirm
O .

that.there is no crack rowth.

C. St in Gaae Measureme ts

|0 19. Plea describe the strain ga testing that was
performed on t cam gallery of the EDG 1 replacement block.

A. au, Wachob, Schuster) Prior to he endurance run,

strain g e measurements were made on the cam g lery of the
O

EDG 1 replacement block at locations where crack had been

ob rved on the EDG 101, 102 and the original EDG 103 ocks.fs
I

ior to the installation of the strain gages on the'EDG 03
'O

rep 12......uc ulo %, ::;nct! p=reicia --f 11 ula y ... cc..3 ,

.,

s)

~

.- - - _ _ . . - - - - -
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pusfe.aed. Th;;; inepretiens r="=21=d th'' aminoLivua were

fin discontinuous linear indications that were reporte y |
Q |

Lilco uring its oral testimony. ;

Before installing the strain gages, thr gh-bolts
:

numbered 1, 3, 7, 8 and 9, which are in the cinity of cam

bearing support addles no. 2 and 8, were lo ened. Then,

strain gages, whi included four full re angular rosettes and

two biaxial gages, w e attached at si block locations as

shown in Exhibit B-68, ges 1 and 5 After calibrating and

zeroing the gages, the str in dat were recorded as the

through-bolts were tightened ( rqued) in five increments up to

'

} the specified torque.
*

--

,

The strain gag data w e recorded while the engine

was brought to hot sta by condition and quick started to 3300

KW. The EDG was run ontinuously at 3 0 KW for approximately

one hour, and then t lower load levels v ich were subsequently

achieved by unlo ing the engine incrementa y. At each power

level, strain ge data was recorded after all ing a steady

state operat n.

20. lease describe the results of the strai gage
@ testing.

(Rau, Wachob) The strain gage measurements emon-

(]) stra that the stresses perpendicular to the crack indi tions

ZT ( e , vertical) remain fully compressive at all operating n-

_itiene, includin; icth fe s osarts to JJuv nw and .L;;dy St=,

.

*.

e -- - v- 4 vn, e- -
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::-=* ion at linn yu_ mw!- ---,,1em from the lar;c :t;;d, ;;r-

O ive stress that is introduced due to tightening'of t;g pre

throug -bolts. Engine operation at load superimpose yclic

stresses this steady compressive stress. How er, the mag-

nitudes of t cyclic stresses are less than he steady com-
O

pressi've stress. Therefore, the stresses emain fully com-

pressive, thereby eventing crack pro agation. The measured

stresses perpendicula to the cam llery indications are shown
)

as a function of bolt to ue and engine load in Exhibit B-68,'

i '

1 pages 2-4 and 6-8.

21. Do the test' resu: s ndicate whether the stresses
O p.erpendicular to the crack andi tions would remain compressive
() at higher engine loads?'. - -

A. 'Rau, Wacho Yes. The st results have been ex-

trapolated conservat ely to engine ope tion at 3500 and at

3900 KW. The resu ts indicate that the st esses remain fully
,

compressive eve at these loads.

22. Wo d the stresses remain fully com ressive even
53 ' during fast arts to 3900 KW?

A. Rau, Wachob) Yes. Fast starts do no introduce a

signific tly higher transient stress into the cam 11ery as

3* compar to steady operation at the same power levels. This is

cons tent with engineering analyses which indicate tha tran-

() si t thermal stresses introduced during fast starts will be'

p .= 1gatft:2-. <- .si: e:< ,2
i

it

. . - - - . . . _ . . - _ . - -. _.
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0=;e +==*= =rfn- ed :. the 200 10'??. 1ethe streia n

() re lacement block applicable to the cam gallery regions of t
' e

EDG 01 and 102 blocks?
3 -

(Rau, Wachob) Yes. The geometry of the cam llery.

is ident' cal for each of the EDGs. Similarly, the com ressive

load impos by the through-bolts is the same for e h of the
,D:

EDGs since th bolt torque specified is the same r each en-'

gine. According in the absence of the repa welds and',

shrinkage cracks,- rain gage measurements the EDG 101 and'
-

'3

102 blocks would have een virtually iden ical to the measure-

ments on the EDG 103 rep acement block
,

Although the EDG 101 nd 102 ocks have repair welds and.

') *() weld shrinkage cracks, the re it of the strain gage measure-

ments on the replacement block EDG 103 are directly applica-

ble to fracture mechanics a lyses f cracks in the cam gallery.

regions of EDG 101 and 1 There is no indication that cast-.

ing shrinkage cracks tend below the d th of the weld repairs

in the EDG 101 or 2 blocks. Indeed, the vidence from the
3

TSI depth gage that no crack extends below he weld shrink-
i

!

i age crack. t if a casting shrinkage crack wer present below

the repair welds in the EDG 101 or 102 blocks, the train gage

9
measure nts made on the replacement block of EDG 103 re di-

rect applicable to the fracture mechanics analyses whi shov
)

| t t such cracks would not propagate in operation. Accordi -

|3
_y, the ^anine .cs droiGi' f rom the EDG 103 strain gage b e :. h _ .

.

m.~.__,, . - _ . , m . ..- - - . _ _ , - - - _ . - -
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^; cr 7 11erv - re'_: ::: ..v..y. my.g e ;. i ..y gli; tr *ha N>
,

f 101 nd 102 blocks.-

Based on the strain gage test results, w id the'
.

presenc of residual stresses affect your conclusi that cam'

'
! gallery acks will not propagate?

A. Rau, Wachob) No. Before the crac formed, any re-

sidua1 stress that were present would hav been tensile

stresses at the am gallery surface. Th a tensile stresses

would have been ba need by compressi residual stresses be-
g

.

l neath the cam galler surface. Th repair welding process and

the formation o'f weld s inkage acks has eliminated or re-

duced markedly the magnit eo any tensile residual stresses
y,

~

; O near the cam sat 1 ry surfac Correspondin 17, it has reduced
.

the magnitude of the bala ing, ubsurface compressive residual

stresses. Consequently if b cra was hypothetically assumedy

; to be present to a de h beycnd the pair weld, the residual

stresses near the c ack tip would be n ligibly small and com-

pressive. Thus, ny residual stresses ex ting at the present
4 ,

j time will not able crack extension during peration. |
|

| This alysis has been confirmed by phys cal observations |
\'

i of the or inal F.DG 103 block after extensive op ation. In ,

O .

.

* the ori anal EDG 103 block cam gallery, casting shr kage>i

| crac extended substantially beyond the repair weld th.

Th did not propagate, however, during more than 1200 h a of

!

| g ;; -tnn. I m 1na 4 nn -- r th;;. ;;; ;....; ;; ;; on; ; ;;; rc,
i.

i

, .s

- - . _ _ , - - , . . - . - . . , , ..._,.,,.._,,..,s , - , , . . _ _ ,
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4

IA-a4+= the tiegraded fatione and fracture nen ~ -*8-- ' " - + -

O ~

,
blo k materit1-and the presence of even larger repair v ds.

,

O
ICon tightening and loosening vf the throu -bolts.

cause dden Orack extension?i

A. (Rau, Wachob) No. During the course f the strain

O gage testin the through-bolts in the vicini of cam bearing -

i
i supporti. no. sand 8 were fully loosened an subsequently

i
i retightened to t specified to: que. No ignificant change in

f the surface crack i dications nulted In addition, the
;

i through-bolts on the 101, 102 an the original EDG 103

I , blocks have also been 1 sened an rstightened several times
i .

? for required maintenance, ith o it.dication.of cam. gallery

: O ,

crack extension. Since each f the existing Shoreham EDG

blocks has already experi ced hrcugh-bolt loosening and

O retightening, subsequcn loosening anc retightening will not

produce crack extensi including " p-in," of any cam gallery.,

i *

cracks.
;

5 26. The C nty contends that the 101 and 102 cam
galler:r cracks ould be monitored with wir ages because ,

,

i there .s no re able depth measurements of th cracks in these |

j blocks. Do y u agree? |
t
'

A. Rau, Wachob) No. Cam gallery cracks the EDG
3

|
101 and 02 blocks have been inspected visually and v th fluo-

] resce t magnetic particle and liquid penetrant. These i spec-

ti a revealed that the repair velds are smaller and the w dg
!- *y- -

n . a . niiv.s.. :nd t i ;.... si.. .usi.c. 6.._-inh - 3 v. . ,
,

|

-.- . -._-.. - . . - - . . .- . - _ - _ - , . -- -
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c"i-iral unn 103 block. This observation is consintan* r i"
()

th metallurgical analysis and mechanical testing whic ave
)

shown uperior mechanical properties in the EDG 101 nd 102

blocks c pared with the original ,EDG 103 block. Thus, all

other facto being equal, both casting shrink ge and weld

shrinkage crac s, if they form, will be sha over in the EDG
>

101 and 102 bloc than in the original 103 block.

Crack depth m surements using t TSI depth gage have
-O

also indicated that th cracks in th EDG 101 block are much

shallower than in the or inal E 103 block. The deepest

crack in the EDG 101 block s easured to be 0.164 inch as
0

1 *

(]) compared to 0.91 inch in the ginal EDG 103 block. Thus, it "

,

'

is our opinion that the ori inal sting shrinkage cracks were

much shallower in the ED 101 and 1 blocks and were com-

pletely ground out at e time of the pair weld.

Nevertheless, ven if it is unrealt tically assumed that

casting shrinkage racks in the EDG 101 and 02 blocks are as

deep as those i the original EDG 103 block, ere is no neces-

sity to monit the cracks because they will not row. The ev-

idence demo trates clearly that the relatively la e cracks in

the origi al EDG 103 block with severely degraded mat rial did

not pr agate. Similar cracks in the EDG 101 and 102 b eks,
)

if eyexisted,would$totpropagateinthesuperiormater 1

O'
+hnne bloc ks .

.

J

|
..
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cann*y also contends that th= cr=ckr in th=C 27. Th= c==>

O gal eries of EDG 101 and 102 should be monitored because the
repa welds are inadequate. Do you 6 gree?

;O
A (Rau, Wachob) No. The operating experiene of the

original 103 block makes clear that the cracke veld re-

pairs do not cause cam gallery crack propagati even in mate-
)

rial with seve ly degraded fatigue resist ce. Thus, the op-

erating experiene of the original EDG 03 block for over 1200

hours with cracked w ds and witho any cam gallery crack.)!

; propagation shows that e pres ce of weld shrinkage cracks in*

I
J the cam galleries of the E 01 and 102 blocks will not cause

'

crack propagation.
,

) Furthermore, sin the stra*n gage measurements establish *
.

that the stresses i the cam galler area of the EDGs remain
i

fully compressive nder load conditions p to the EDGs' over-

load design ra ng, it is clear that no cr k propagation will
,

occur in th future as a result of any anticip ed operation

regardle of the presence of cracked repair veld Conse-
,

quent it is not necessary to conduct wire gage mon'toring of,

the epair welds on the EDG 101 and 102 blocks or to mea re

t e depth of the cracks in the EDG 101 and 102 blocks prior to

km --h=auled main *=arn;. ;uu. y.1 om ii..; r;f2-it g nut _su,
_

W '

a
..

*.)
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LILCO, January 15, 1985

UNITED STATES OF AMERICA
) NUCLEAR REGULATORY COMMISSTON

Befor ,the Atomic Safety and Licensing Board
.. .. . .

.

In the Matter of )
-) )

LONG ISLAND LIGHTI G COMPANY ) Docket No. 50-322(OL)
,

)
(Shoreham Nuclear P wer Station, )

Unit 1) )
,

O
CY NDER BLOCK EXHIBITS

|

ADDITIONAL C LINDER BLOCK TESTIMONY OF.

DR. DUANE P. JOHNSON, DR. CHARLES A.
.

RAU, JR., MILFOR .H . SCHUSTER, DR. HARRY F.
3 '. WACHOB AND EDWAR J. YOUNGLING ON BEHALF

OF LONG ISLA D LIGHTING COMPANY -

B-65 550x magnification ph omicrographs of the weld
,3 shrinkage crack at fac 1 of cam saddle no. 7 of the

original EDG 103 block.

B-66 Mark-up of 100x magnifica ion photomicrograph of the
weld shrinkage crack at fa e 1 of cam saddle no. 7 of*

;
the original EDG 103 block.

)
B-67 Stipulation of the parties r arding cam gallery

crack contention.

B-68 Strain gage measurements on cam gallery of ;

replacement EDG 103 block.
)

o
-

.

|
'

.- _ ._, _ ___ _ - _ _ _ -__ _ - _ _ - - _ - - -- _ . - - - -
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LILCO, January 14, 1983;g
4 -

.

j- . .

i

to UNITED STATES OF AMERICA
i NUCLEAR REGULATORY COMMISSION

'Before the Atomic Safety and Licensina Board

! (
O.

I In the Matter of )
'

| )
i LONG ISLAND LIGHTING COMPANY ) Docket No. 50-322 (OL)

)'

) (Shoreham Nuclear Power Station, )

!g Unit 1) )

!

1 .

STIPULATION ;

;3 The parties to this proceeding, by counsel, stipulate as t'
,

,

follows: .

;

i -

On Motion of Suffolk County, the Licensing Board
.

|o 1.
,'

, O. ;. .

ordered that a cam gallery crack from the original EDG 103 -v'

|
block be produced for analysis. As a result, analyses

|o utilizing x-ray diffraction techniques have been performed on a

j cam gallery crack from the original EDG 103 block by a
!

! laboratory on behalf of Suffolk County. The test results

O confirm that the oxide layer on the cam gallery crack surface
i

i consists primarily of magnetite oxides (approximately 85%).
!

This indicates that the oxide lay 9r was formed at high
,

1

o temperatures during the time of the casting process and that
i ,

1 these layers were not due to fretting corrosion or graphitic

! (I corrosion. This evidence supports the conclusion that the cam
1

;O gallery cracks in the^ original EDG 103 block did not propagate

f. during or as a result of operation.

:

I

V

*
.

.a1 Aa f. , , , - . , . _ . _ , . - , . . . . , _m .. ..,y .,.m ..__.;y . , . _ , . . -( , - , ~3 e s,--
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2. The evidence of record indicates that the cracks in'

Q the cam gallery areas of EDGs 101 and 102 formed through the

!O same process as the cam gallery cracks in the original EDG 103

block. Accordingly, the test results support the conclusion

that the cam gallery cracks in EDGs 101 and 102 did not

|G propagate during or as a result of EDG operation.

3. Accordingly, Suffolk County does not seek to

| disqualify the use of the blocks of EDGs 101 and 102 and the
;3

new block of EDG 103 on the basis of the existence of cam .

gallery cracks. However, Suffolk County reserves the right to

contend and to litigate that the cracks should be monitored
.0 "

Q co'ntinuously using wire strain gages and.that depth .
.

measurements should be taken prior to operation and at the
,

first refueling outage, if Shoreham is licensed to operate.
;O

Y 'Y W
.

Counsel for Sta'te of New Yor ounse[for Auf folk Cg6nty

W/ W
founKel or Ld ysl

'

Counsel for Nuclear Regulatory
' ightY n Cdmpa 6 Commission

|

'O
.

'

O'

.

O t

) D
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$ A630 04 01 28800
1 WRBbrb 1 MR. ELLIS: The panel is now ready for cross-

; 2 examination. I believe Mr. Dynner has a statement to

3 preface that.

- O 4 JUDGE BRENNER: Mr. Dynner?

5 MR. DYNNER: Thank you.

6 Based upon the qualification test of EDG-103 at a

7 nominal load of 3300 kilowatts, the County and the State do
4

8 not challenge the adequacy of the replacement block for!

9 EDG-103, if loads do not exceed 3230 kilowatts, which
1

1 10 assumes a maximum instrument error of plus or minus 70

11 kilowatts.

12 MR. ELLIS: I note, for the record, that it's

- 13 LILCO's, view that that assumes an instrument error of minus

() 14' 70 kw, not plus or minus 70 kw.< -

15 JUDGE BRENNER: All right. It doesn't matter.

16 He's just stating his position; and we encourage that

17 because it helps us and, presumably, helps the other parties
:,

I 18 to understand what the latest position is of the parties.

19 And you don't have to agree with his position.

20 MR. ELLIS: Yes, sir.

21 CROSS-EXAMINATION

22 BY MR. DYNNER:

23 O Good morning, gentlemen. Please turn to page 5

24 of your profiled testimony.-

,

I 25 You have the statement in Answer 4 that, with
:

f

h

i

._ . _ _ _ - ._ _ .. . - _ . . -- ._ .. _- . - -
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i A630 04 02 28801
1 WRBbrb 1 respect to EDG-lO3, it was operated 70 hours at or above'

,

2 3500 kilowatts, and more than 507 hours were at or about
|

i 3 3300 kilowatts, as indicated on the main control room

( |

| 4 kilowatt meter.
;

'

| 5 Am,I correct that the main control room kilowatt
,

6 meter had a potential instrument error of plus or minus 70

7 kilowatts?

8 A (Witness Youngling): Mr. Dynner, your statement

! 9 is not correct.

10 0 All right. Let me ask the next question.

j 11 JUDGE BRENNER: He's entitled to explain his

12 an swer . Are you going to ask him to explain it in your next

- 13 question? -

f () 14 MR.*DYNNER ' Exactly. I wa,s trying to kgep this

f 15 short so that I can avoid some speeches.

16 JUDGE BRENNER: Go ahead.

' 17 BY MR. DYNNER:

'18 Q Can you tell me, if that is not correct, what was

19 the potential instrument error of the main control room
1

20 kilowatt meter?

21 A (Witness Youngling): First of all, the total

| 22 hours on that engine -- the 507 hours: some of those hours
,

23 were accumulated during the preoperational test program.

24 And, as I testified earlier, during the pre-op program the

25 instrument of record was the watt-hour test loop, which had

4

|

:
I

. . _ _ , _ . . _ . _ . , _. , . . _ . _ _ _ _ . _ . . . . . . . . . . . . . . . _ . _,.,,.___._.._.-.,m. , . _ , . . . _ . . _ . _ . _ . _ . _ , _ . _ _ , . _ _ _ . .
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1 WRBbrb 1 an instrument accuracy of 0.6 percent.

2 MR. DYNNER: I object, Judge, because my question ;!

I

3 is: what was the potential instrument error on the main 1

O 4 control room kilowatt meter and he is not being responsive

.

5 at all. I

6 JUDGE BRENNER: No, I think he is, because it's

7 part of the explanation; and if he doesn't make that ,

8 explanation then there will be the ambiguity that he is

9 talking about everything related to the --

i 10 MR. DYNNER: I was going to follow up by asking

11 him which hours were which. But I don't think he's being
;

12 responsive to my specific question at all.;

| 13 JUDGE BRENNER: Let him make the explanation. I
,

-
i ,

'

'( ) 14 think we'll get there faster in this case. If you're going

15 to get there anyway, I could not be assured, and neither

! 16 could the witness, that you were going to get there. And it

17 would have been potentially misleading, I think.>

18 Go ahead.

19 WITNESS YOUNGLING: The remaining portion of

; 20 those hours which were taken during the endurance run on

| 21 diesel engine 103, were accumulated during the endurance

|
| 22 run, which utilized the main control room watt-hour meter as

| 23 the primary source of' data accumulation.
|

24 As we testified earlier, that particular 1

25 instrument loop had an accuracy of 2.5 percent. That

:0
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1 WRBbrb 1 accuracy does correspond to a worst-case instrument loop

2 error of plus or minus 70 kw.

3 In addition, as I testified earlier, some of the

O 4 data on the 103 engine was "taken off the watt-hour test loop
.

5 by the operators; so a portion of that data is also

6 reflected by that instrument loop, which has a higher degree

7 of accuracy than the watt-hour loop.

! 8 BY MR. DYNNER:
,

9 0 You said 2.5 percent: 2.5 percent of what,

| 10 Mr. Youngling?

11 A (Witness Youngling): Of full scale.
1

j 12 O And full scale is how many kilowatts? 56007

13 A .(Witness Youngling): Full scale on that
,

(]) 14 particular instrument loop is 5600 kilowatts..

15 0 And 2.5 percent of 5600 kilowatts does not equal
.

16 70, does it?

17 A (Witness Youngling): Full scale of 560 kilowatts

18 is 112 kw.

19 However, our calibration history on that

20 instrument has shown that the worst-case accuracy before and

21 after the endurance run was plus or minus 70 kw, which means

22 that the loop is performing better than its intended

23 accuracy, which is not uncommon in a powerhouse.

i 24 O All right.

25 So it is correct that your testimony is that the
||

i

,
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1 WRBbrb 1 potential instrument error for the main control room |.

!

2 kilowatt meter during this test was plus or minus 70
.

3 kilowatts; is that right?

O 4 A (Witness Youngling): I'm saying that the

5 recorder loop accuracy is plus or minus 70 kw. But, as we

j 6 have previously testified, it is our feeling that the

7 instrument spends as much time above as below; and we feel

j. 8 that the mean value, as indicated by the kilowatt meter, is
!

9 representative of the loop load -- of the diesel generatorj

i 10 load.

j 11 Q Now, of the 507 hours that are referred to in
; ,
'

12 that sentence, how many of those hours were run at 3300
; . .

j 13 kilowatts, as indicated by the main control room kilowatt

() 14 meter? -- -
, ,

,

! 15 A (Witness Youngling): Mr. Dynner, I don' t have

l 16 that number with me now. I'll have to get it for you at the
J

17 break.
!

j 18 0 In the next sentence, you refer to "A substantial
i

j- 19 portion of the hours placed on the EDG-103 replacement block

l 20 occurred as the result of a 745-hour 10 to the 7th loading

i
'

j 21 cycle confirmatory test."

22 How many hours are you referring to in your term
;

} 23 "a substantial portion"?
i

24

i 25

?
i-
!
!
!

,
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1 WRBmpb 1 JUDGE BRENNER: Mr. Dynner, maybe I don't

2 understand the question. Are you asking them What portion

3 of 849 hours is 745 hours?

('

4 MR. DYNNER: I'm asking them specifically what

5 they're talking about When they say a substantial portion of
,

i '6 the hours; how many hours is a substantial portion in that
!

7 sentence.

8 JUDGE BRENNER: I'm sorry, I don't understand.

9 MR. DYNNER: Well, I think the Board is aware

10 that there were two blocks involved, the old block and the
!

11 new block. A 745 hour run, as I think testimony shows, goes

| 12 with respect to the crankshaft, which was run in two

13 different blocks.-
.

* *
- ..

() l'4 I want to know what he's talking about by "a.

; 15 substantial portion."

16 JUDGE BRENNER: I think you're misunderstanding

17 What is in the testimony. All I know is what I'm reading,

18 and maybe I'm reading it wrong.

| 19 I don't now what is taking the panel so long,

20 though.

21 MR. DYNNER: It does raise questions about

j 22 Whether my question is a good one or not.
;

23 JUDGE BRENNER: Maybe it's a question as to
;

24 Whether your question is comprehendable or not.

25 MR. DYNNER: Or the testimony, for that matter,
.

;

- - _ . . . _ . - _ - _ . . . . , _ . _ _ _ . _ ._
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1 WRBmpb 1 since all I'm-talking about is the written testimony.-

| 2 JUDGE BRENNER: Let me try something.

3 Gentlemen, as I read your answer four, you are

() 4 saying that the new replacement block has been operated for
I

5 more than 849 hours, correct?
i

6 WITNESS YOUNGLING: That's a true statement,

7 Judge.
:

8 JUDGE BRENNER: And are you also saying by your
3

4 9 phra se , "a substantial portion," that of the 849 hours 743

10 of them occurred as a result of the 10-to-the- seven loading
,

i

I 11 cycles confirmatory test?
1

-

1 12 WITNESS YOUNGLING: Judge, let me try to clarify

| 13 it in this manner:
*

. .
, .

4
- 14 The confirratory -- the endurance tett, the 745 ,

,

i 15 endurance ~ test consisted of 525 hours which were clearly on
4

.

16 the new 103 block. In addition there were 220 hours Which

| 17 had been accumulated prior to that endurance run. I do not

18 have the exact proportion of those 220 hours that were onj

| 19 the new block versus the old block, and that's the
!

} 20 difficulty that I'm having.
:
! 21 JUDGE BRENNER: Mr. Dynner, you are correct and I

22 apologize.,

:
I

: 23 That's the number you want, is that right,
1
4

24 Mr. Dynner?
|

j
1

-

25 MR. DYNNER: That's What I was looking for. And {
i !

!

b

, ,

f

! <

|

1
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1 WRBmpb 1 I think the answer is that they don' t know.

,

2 WITNESS YOUNGLING: I can get you the number at
;

3 the break.

'
- 4 BY MR. DYNNER:

5 Q When you refer in the next sentence to the
'

6 endurance run portion of the confirmatory test, are you

7 referring to the 525 hours that you just mentioned?

8 A (Witness Youngling) Yes, I am.
:

9 Q And were those 525 hours, was the load level

j 10 during that confirmatory test indicated by the main control

11 room kilowatt meter?

12- A (Witness Youngling) As I previously testified

13 this, morning, the majority of the data points were taken off;
,

!
'

|- 14 the control room meter. But there were some- data points

15 that were read off the watt hour test loop after;

i

16 confirmation of load on the watt hour meter. So some of the
;

j 17 data was recorded off the more accurate loop. ,

j 18 O Can you quantify that in terms of the number of
:
.

| 19 hours that were read off the data meter?
'

,

|

20 A (Witness Youngling) No, I don't have that !.

\ |

! 21 number.
|

I, 22 MR. DYNNER: I have no further' questions. I

; 23 JUDGE BRENNER: That's why I was trying to get to
.

!

| 24 the witnesses this morningt I knew what the approximate

O.

I 25 length of your cross plan was. I don' t know if 'the othe;- '

,

i

|

'

|

!

|
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| .1 WRBmpb 1 parties realized that we might be able to go through several

| 2 witness panel s.

i 3 MR. DYNNER: I informed the parties that I would

' '
<4 have very short cross-examination; I think What I told them

5 was about a half hour or even less.,

6 JUDGE BRENNER: All right.
,

7 Staff.

i 8 MR. GODDARD: The Staff has no cross-examination
|

| 9 for this panel.

10 JUDGE BRENNER: We're going to take a break and
:
'

11 get organized ourselves to see if we can shorten up our

} 12 questions.

- 13 MR. ELLIS: Judge Brenner, may I make.an inquiry
- -,.

.

14 of the Board? With respect to my examinatio'n, I'm not sure
)

| 15 Whether the Board has ruled in this connection before but
!
i 16 let me tell the Board What I had intended to do by way of

| 17 redirect examination. s

i

{ 18 I'm not sure whether the Board has ruled in this
-

i 19 connection before, but I had intended to go to the County's
|

| 20 examination on pages two and three and --
4

21 JUDGE BRENNER: You mean the County's testimony?'

:

22 MR. ELLIS: The County's testimony, I'm sorry, on
i
'

23 pages two and three and ask this panel Whether they agreed,
;

j 24 cnd if not Why not, and if so Why.

(:)!

25 The reason for that, of course, is, of course,
.

.

s

|
4

!

.__.._._,.__-,..a_ . . - - _ . _ _ . . _ . . , , _ - ~_ . _ . . , . , ..a _ - . , . . , , . . . , _ , , , - , _ ~ . , _ . . - .-



- - .-

o

a .

2630 05 05 28809
2 WRBmpb 1 that their testimony was filed after ours and we did not get

2 a chance to respond.

3 JUDGE BRENNER: We will allow that type of

O
i

4 inquiry. We have allowed it before.

1 5 MR. ELLIS: Thank you.

6 JUDGE BRENNER: Maybe we should let you do that<

7 now to the extent it might affect our questions.
,

', 8 MR. ELLIS : All right, sir. I'll be glad to go

9 to it now.
,

10 JUDGE BRENNER: All right.

11 REDIRECT EXAMINATION;

12 BY MR. ELLIS:

13 Q Gentlemen, turn, if you will, please, to the--
.

,

' '

14 testimony of Mr. Bridenb'augh, dated Januar'y 25, 1985, on -

15 page two. Question four, Dr. Rau, states:

16 "Do you believe that the cylindar

I 17 blocks in EDG 101 and 102 are suitable
i

.

18 for use at a reduced load of 3300 KW?"
;

19 And the first paragraph of the answer states
i

20 "No. First, both of those blocks
1

; 21 have ligament cracks. FaAA's own analysis
,

I
{ 22 predicts that both ligament and stud to j
|

.

23 stud cracks may initiate in those blocks
!

24 even at the reduced load level of 3300 KW."

( 25 Dr. Rau, do you agree with that portion of answer'

,

e

,

>
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1 WRBmpb l- number four?

"

2 A (Witness Rau) No, Mr. Ellis, I do not.

3 Mr. Bridenbaugh has answered no to the question of whether

'

4 or not blocks of 101 and 102 are suitable for their intended

5 purpose at a reduced load of 3300. I disagree with his :

6 statement, his answer no. I believe they are. And I

7 believe they are for a number of reasons. |4

;

8 In particular the cumulative damage analysis of

9 fatigue crack propagation of the block tops has indicated

10 that, independent of whether or not stud to stud cracks

11 would initiate at any power level -- whether it be 33 or 35

12 or any combination duty -- that there is a very substantial

13 margin which would prevent a crack, even if it were
,

14 ~initiatgd, from extending to a size of concern. .

15 And in particular I previously testified that the

16 EDG 101 and 102 blocks, even based on the very conservative

17 cumulative damage analysis of crack propagation that'we've

18 - done, could withstand 50 consecutive LOOP /LOCAs even at the i

19 35 , 39 , 2600 design load profile which was addressed in

20 the proceedings of last fall .

'21 For that reason I disagree that initiation has

22: any relationship to the adequacy .of the 101 or 102 blocks

23 with regard'to the functionability or ability to perform

24- their intended function at.3300.

O 25 0 In your opinion,.Dr.'Rau, do'you agree tha.t

9

i

l i
| ,..e
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| 1 WRBmpb 1 stud to stud cracks are likely to initiate in those blocks

2 at load levels of 3300?
,

3 A (Witness Rau) No, Mr. Ellis, I do not believe

4 that stud to stud crack initiation is likely in those |

|

5 blocks. '

6 The analyses that have been done of the

7 possibility of fatigue crack initiation are very

8 conservative, as I have testified quite extensively

9 previou sly. And although they indicate the possibility that

10 stud to stud cracks might initiate, the conservatism in that
,

11 analysis leads me to believe that it is not likely that they
.

12 will.

3
- 13 I think further that the extensive operation that

,

14 the 101 and 102 blocks have seen at power levels at and-
,

15 above 3500 KW, when converted, if you like, to an equivalent

16 number of hours at 3300 KW, suggests that these blocks have
t

17 already demonstrated a very substantial number of cycles --

| 18 again of the order of five-times-ten-to-the-sixth cycles --

19 an equivalent of 3300 KW without initiating stud to stud

20 cracks even after ligament cracks have been shown to be

21 present in the 101 and the 102 blocks.
;

i. 22 So for that reason I don't believe it is likely

23 that we are going to initiate stud to stud cracks in those

24 block' tops.

O'

| 25 0 All right.

;*

|

-. - . . - - - .
.
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1 WRBmpb. ~1 Gentlemen, the second paragraph of that answer

.

2 states with respect to circumferential cracks -- and I

3 quote:

)'

4 "No tests have been performed which

5 conclusively establish that the EDG 101 and

6 102 locks do not have circumferential cracks,

7 and we are aware of no analysis that

8 demonstrates that such cracks will not initiate

9 at 3300."

10 Do you gentlemen agree with that statement, and

11 if so why, or if not, why not?
,

12 A (Witness Rau) Mr. Ellis, I disagree with that

13 second paragraph. I believe that the inspection experts ons

*
- 14 this panel will want to comment in more detail.

_

15 But I would simply like to indicate that, again--

16 Mr. Bridenbaugh is inferring that the initiation of

17 circumferential cracks invalidates the suitability of the

18 block for its intended use at 3300 KW.

19 And based on the extensive analysis and the

20 testimony we previously have given last fall, it's clear

21 that even if cracks were to initiate at the circumferential
,

22 location the analyses that have been done indicate that the

23 mean stresses will become ' compressive at very short

24 distances away from that sharp fillet ' where the cracks .might.

25 initiate and that the cyclic stresses will decrease very

.

# 9
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1 WRBmpb 1 rapidly with distance from that sharp corner.

2 And for both reasons, that even if a crack were

3 to initiate in a circumferential area it would slow down and

O .

4 it would arrest. And for that reason the implication that
!

5 initiation has any relevance whatsoever to the suitability |

|

6 of the blocks, should it occur, I take disagreement with. !

7 I al so disagree with the statement that there

82 have been no tests which conclusively establ'ish the absence

9- of cracks in either 101 or 102. I believe that there are

10 inspections -- in particular the ultrasonic inspections --

11 which do conclusively indicate that there are no cracks in

12 101.

13 And I b611 eve Dr. Johnson would like to comment
*

14 on that."
-

, ,

15 A (Witness Schuster) Long Island Lighting Company

I 16 has performed in excess of 100 examinations of the liner

17 landing and the block top areas of 101, 102 and 103

18 engines.
I

19 Specifically EDG 101 early in November of 1983, |

i 20 we performed a penetrant examination on cylindar number

21 eight. At that point in time some industry' experience was

22 provided to us in regard to the possibility of

'' 23 circumferential indications in the cylindar block. So we

24 performed a penetrant baseline on cylindar number eight onr

O 25 DG 101.

i

l

l
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1 WRBmpb 1 Subsequent to that, early in February of 1984, we

,

2 performed another penetrant baseline examination on cylindar.

3 number seven.
,

() 4 Subsequent to that we performed penetrant

5 examinations as part of the DROR program on cylindars one

6 through eight, which included the liner landing area, the

7 circumferential area we're discussing at this point.'

8 In addition to that we repeated.these penetrant

9 examinations and performed ultrasonic examinations on

10 selected areas of DG 101.

11 In addition to that we provided some baseline

12 inspections on DG 103 and did penetrant examinations in

l3 February on all eight cylindars, which. included the liner
_

14 landing area and the circumferential area under ' discussion.

O4

15 We did eddy current inspections also in the study areas of

; 16 that block. And we did some additional penetrants after the
,

17 100 hour endurance run.
.

) 18 We also did penetrant examinations on the 103
I
! 19 engine and did confirmatory ultrasonic examinations and mag
!

20 particle and penetrant examinations on the old DG 103 block

21 after it had been cut up. And'further verification was then,

i

22 ' done by -- of our examinations by FaAA in California.

23 Q Mr. Schuster, before you -- before Dr. Johnson |

|' 24 comments about the FaAA inspections, you referred to a ;.

25 number of liquid penetrant inspections of the . diesel
.

,

1

!'
|

,

i

I

"
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1 WRBmpb 1 generators, but you did not refer to the results. Will you

i :

2 tell us what these inspections disclosed with respect to !
'

3 circumferential cracks?

I 4 A (Witness Schuster) DG 102, no circumferential |

5 cracks were evident as a result of our examinations.

6 DG 101, we had some background indications due to ,

7 the geometry, including the area in question. It's a sharp

8 corner, and debris and carbon collects in that area and it

9 makes it very difficult to do penetrant.in that area.- So

10 additional cleaning, a redo of the penetrant and specific

11 examination of the areas where the background was high was

12 done by ultrasonic examination.
'

!

- 13 Incidentally, all the procedures that were

14 utilized were qualified in accordance with MB'-5000 of ASME,
,

15 Section Three with backup qualification'done in accordance

16 ith Section Five of that code.
.

17 All of these procedures were done by qualified.

18 personnel with a minimum level two certification for the
,

19 baseline inspection, and the additional examinations and
|

20 scrutinization was done by a level three who had level three

21 examination certification in UT, MT, PT and RT, and had )
22 extensive casting industry experience.

23 Q You omitted, though, from your answer,

' 24 Mr. Schuster, what was the result of the additional work on

25 the 101, DG 101. You mentioned ultrasonic that was done as
;

i i

!
.

J

' *"
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1 WRBmpb 1 a result of the background.

2 A (Witness Schuster) The results of the ultrasonic

3 examination were that there were no indications in that area

'

4 of the block, in the land area of the block, specifically

; 5 that notch where the liner landing face and ledge meet each

6 other.
,

.

7 Incidentally, we also verified this procedure

8 again on DG 103 with a different inspector to verify the

9 original inspection because of questions that were raised as

10 a result of some of what is going on here, and verified that

11 that procedure was in fact valid.

12 O Have'any of the inspections, then, that you have

-- 13 described, Mr. Schuster, revealed any circumferential crack,s

|
14 on DG 101 and 1027

'

.

15 A (Witness Schuster) No, sir.

16 Q Dr. Johnson, do you agree with that secondi

:

17 paragraph of answer four? And give a basis for your answer,

18 please.
'

19 A (Witness Johnson) No, I do not agree with that

20 statement.
.

'
21 I do not believe there is any evidence that there

~

i 22 are circumferential cracks in DG 101 and 102. We performed

23 extensive UTs -- ultrasonic tests -- directed at detection4

24 of circumferential cracks in March of '84 after the 100 hour,

25 endurance run test on DG 101, and no circumferential cracks
,

L
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1 WRBmpb 1 were detected. ,

2 We have also performed penetrant tests directed

*

3 at circumferential cracks. They were conducted both on DG

4 101 and 102 after the 100 hour endurance runs. And no

5 circumferential cracks were detected.

6

7

8

9

10

11

12

'

13.-

*
14

15

16

17

18

19

20

21

22

23

24
' O 25

l'
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2 ~WRBbur 1 Q Gentlemen, let's turn to the third paragraph of |

' '

2 An swer 4, and let me ask you, without reading it -- you may

'

3 read it for yourself -- whether you agree or disagree with !

( 4 that.

; 5 Any member of the panel may answer.

6 A (Rau) Others may wish to answer, too, Mr. Ellis,

7 but I, for one, certainly strongly disagree with the

8 statements made by Mr. Bridenbaugh in his testimony, the

i 9 third paragraph in his answer to Question No. 4.

10 He states that Failure Analysis has not

11 undertaken any detailed crack propagation analyses, and I
.

. 12 have testified previously and will state again here that

. 13 Failure . Analysis Associates -has in fact done an analysis of

'

14 crack propagation in the block top. .
-

15 The cumulative damage analysis, which we have

: 16 testified about extensively, is in fact an analysis of

17 fatigue crack propagation in the block top, and it does in

18 fact - shmt with a reasonable degree of scientific certainty

19 that the block top cracks cannot and will not extend during

20 a LOOP /LOCA to a size of concern, with a very substantial

21 margin.

22 With regard to the circumferential crack area,

23 which Mr. Bridenbaugh' sugg..sts we haven't done a crack
.

24 propagation analysis of, we have in fact done all that j

O 25 analysis which is necessary to reach with a reasonable

|
'

,

I

!

|
'
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t 2 WRBbur 1 degree of scientific certainty a conclusion that those

2 circumferential cracks are of no concern because they will,

3 not and cannot extend to a size to affect the function of

4 the EDG blocks.
,

5 In particular, the finite element stress analyses

6 which we have done have indicated convincingly that the

7 stresses which are very high right at that sharp corner

8 between the counterbore, the cylinder, and the liner land

9 where circumferential cracks were detected in the original

10 103 block with the degenerate Widmanstaetten graphite, those

11 very high stresses very quickly drop off with distance away

12 from that sharp corner; and through analyses of postulated'

: 13 hypothetical cracks which might extend in various directions
i

14 fr'om that sharp corner, 'our analyses have shown that the
[}

i -

15 maximum stress will become compressive at depths less than

16 four-tenths of an inch beneath that surface, and once the

17 maximum stresses become compressive in conjunction with a

18 reduced magnitude in the cyclic stresses 'any crack, should

19 it initiate at that sharp corner, will slow down and will

20 arrest.

21 There is absolutely no reason to do any specific,
,

22 if you like, fracture mechanics analyses of crack '

23 progression beyond that point because it is simply going to

! 24 show no crack' progression.

25 A (Schuster) I would like to add that the results
i

i'

!

#

!
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1 WRBbur 1 of the inspections on the block top, specifically for

2 stud-to-stud indications, the penetrant examinations, and

3 other examinations that were done on DG-lOl and 102

( 4 indicated no stud-to- stud cracks, and those engine blocks'

5 have over some 1200 hours of operation at all loads.

6 A (Rau) Could I add one more thing?

7 I noticed that Mr. Bridenbaugh in that same !,

ij.
8 paragraph you referenced also makes reference to ligament

.

9 crack area, which I don't think I have responded to
i

10 specifically.

11 I think it is appropriate to note that the finite

12 element stress analyses that have been done at the block top

{ 13 region indicate that in the ligament' area as well as in the .

*

14 stud-to-stud area that the steady stresses; the mean
O-,

15 stresses also decrease very rapidly with distance beneathj
i

| 16 the top surface of the block, and in fact they become

17 compressive on the ligament side of the stud as you progress'

i

18 down towards the thread area from the block top surface.
4

19 Similarly, to the stud-to-stud side of the stud

20 hole and the block top, the' cyclic stresses introduced by

| 21 the cylinder firing also decrease in magnitude . as you ,

i

22 progress in distance from the block top down towards the;

23 threads, and in fact the magnitude of the cyclic stresses

| 24 decreases very substantially as you move from the block top -
,

25 . down to' the inch and a half depth where the first thread

,

!

|
r
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l WRBbur .1 appears on EDG-101 and 102 block tops.

'

2 For both those rea sons, the ligament cracks are

3 also going to slow down and arrest, as in fact -- and this

4 in fact confirms the observations that have been made on the-

i 5 EDG-101 and 102 that in fact the ligament cracks do slow

6 down and arrest at the liner land area.

7 O What is your opinion with respect to whether

8 subsurface ligament cracks would initiate at the first

9 loaded thread in the stud hole?

10 MR. DYNNER: Objection. There is nothing about

! 11 initiation. The question is about propagation.
:
' 12 MR. ELLIS: That is correct, Judge Brenner. What

9 - 13 I was doing is the implication of the statement concerning.

! 14 ligament cracks. I was simply taking the full' implication
'

15 of that statement.

16 JUDGE BRENNER: -Well, I think I will overrule the
[

17 objection. I know we will overrule the objection for
I
'

18 Mr. Ellis' reason, and in addition, maybe we don't

19 understand what Mr. Bridenbaugh means by " develop," as hej

; 20 uses that word in that paragraph, that the witnesses have

; 21 been focused on as a lead-up to this.

22 So for completeness, because we might not learn

23 fully what he means, and for conservatism's sake I assume he

iO 24 means initiation, also, for now. j

25 Do you need the question again?

6

o
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1 WRBbur 1 WITNESS RAU: I think I remember it, your Honor.

,

2 As I understand the question, you are asking me,
,

3 in addition to my comments about crack progression in the

() 4 ligament and stud-to- stud areas, with regard to the ligament i

5 side itself, do I believe that ligament cracks could ;

6 initiate subsurface; that is, below the block top, in*

7 particular at the first thread of the stud?

8 I do have an opinion on that, and my opinion is,

9 thatsligament cracks will not initiate at any position below

i 10 the actual top, physical top, of the block top surface.

11 They will not initiate there for the same two reasons that
~

!
12 the cracks will slow down and arrest as they progress from

13 the block top down towards the first thread of the stud.

14 That is, the steady stress which is opposed by the preload;

'

15 and the thermal stresses will decrease with distance from

16 the block top and in fact actually become compressive down

17 at the inch and a half depth or'even before the inch and a

18 half depth, and simultaneously with that decrease in mean or

19 steady stress there is a vety substantial decrease in the

20 cyclic stress as computed by our finite element analysis,

; 21 such that there is an enormously reduced driving force for

i 22 initiation of fatigue crack beneath the block top.

23 And although I haven't made a specific
,

24 calculation of it, we are talking about hundreds and

25 thousands of times more difficult to~ initiate a crack down

,

1
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1 WRBbur 1 to the first thread than it would be to initiate the crack

2 at the block top, where in fact the physical evidence

3 indicates the ligament cracks have initiated.

() 4 O Gentlemen, let's turn to page 3 of

5 Mr. Bridenbaugh's testimony, and let me direct your

6 attention to Answer 5. In the body of Answer 5,

7 Mr. Bridenbaugh makes the statement -- and I am

8 paraphrasing -- that FaAA's cumulative damage analysis in
!

9 (i) was based on imprecise. crack measurements.'

10 Do you gentlemen agree with that?

11 A (Johnson) No, I do not agree that the crack

12 measurements performed were too inaccurate for our

13 accumulated damage analysis. Specifically, the stud-to-stud

14 crack between Stud Hole No. 7 in Cylinder 4 and Stud Hole

Os
, ,

15 No. 2 in Cylinder 5 detected in the original DG-103 block

16 immediately after the 100-hour endurance run were at least

! 17 1.4 inches deep and not rware than approximately 1.6 inches

j 18 deep.

19 As the records of the eddy current examination I

20 performed in the stud holes after the 100-hour endurance run

21 show, there were large unmistakable crack indications down

22 at least to 1.4 inches in both stud holes. ;

'
23 After the load excursion in the old DG-103, we

1

24 have laboratory destructive tests, laboratory magnetic
4

25 particle tests, penetrant tests, eddy current examination
;

j

;6

>

q

|'
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1 WRBbur 1 results, which all agree that the stud-to- stud crack in this

'

2 area after the load excursion do not extend to more than

3 approximately three inches in this area.

; 4 Q Dr. Johnson, did you review some specific data to

5 support or confirm your opinion that you have just given me?4

6 A (Johnson) The specific inspection report. Well,

.I

7 the DROR report, 0-220, which clearly describes the

8 magnitude of the signal, which is approximately five times

9 the reference level down to the first thread, which is

10 approximately 1.5 inches in both stud holes.

11

12
i
f 13

**

14 -
.

; 15
,

16 -

17 i

18-

;
'

19

20

21

1 22

; 23

24

| O 25

1

Io.

4
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1 WRBwrb 1 A (Witness Schuster) Just for clarification, the

2 100-hour endurance run is the DROR testing that we did,

3 because we use the term " endurance run" interchangeably.

4 I think we should add that.

5 JUDGE BRENNER: Could you give me the approximate

6 date for that? I ask only so that I can catalogue that in

7 my own mind.

8 WITNESS JOHNS'ON: The date of the inspection is

9 3/14/84.

10 JUDGE BRENNER: And the endurance run ended right

11 around that date?

12 WITNESS JOHNSON: Shorely before that.

13 WITNESS RAU: Can I add something, too, for,

14 clarity?
}

-

15 The answer that Mr. Bridenbaugh was addressing is,

16 in fact, the adequacy of the cumulative damage analysis,

17 and, in particular the input -- that is, the crack

18 measurement input.
|

19 Dr. Johnson has addressed the quantification of

20 the size of the crack prior to the demonstration period,

21 which we sometimes call the benchmark period, with the
,

22 original 103 block. That is the operation which occurred

23 between about 3/11 1984 and 4 /14 1984. I

24 The inspection done prior to that demonstration ,,

( 25 period, or benchmark period, operation is the one in which |

.

I

l

|

|
!

I
i
1
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1 WRBwrb 1 Dr. Johnson has testified that he has reviewed the

2 inspection reports and knows precisely that the depth of the

3 stud-to- stud crack between cylinders 4 and 5 was in fact

('

4 between 1.4 and 1.6 inches deep. That's the initial crack
;

5 size upon which our cumulative damage analysis is in part
'

6 ba sed .

7 In addition to that crack measurement there is

8 also the measurement of the crack depth after the

9 demonstration run -- that is, about 4/14 1984 -- when the

10 original 103 block, or after which it was taken out of

11 service.

12 The quantification of the crack depth in the

i 13 stud-to-stud . region at that time was made by a number of

'

14 mebhods, including destructive metallurgical examination -

,

15 which confirmed that the depth after that demonstration

16 period run was, in fact, 3 inches, maybe as little as 2.8
,

,

17 inches, but between 2.8 and 3 inches deep. That is below
'

18 the block top surface.

19 That depth was confirmed by visual examination,

'

20 through the metallography -- that is, the visual

21 examination.. It was also measured by addy current to be the
!

22 same depth. It was measured by magnetic particle inspection-

23 to be the same depth. It was measured by liquid penetrant

24 to be the same depth.'

j 25 So there were four independent non-destructive and

.
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l WRBwrb 1 destructive examinations which confirmed the depth of the

'

|

2 crack after the demonstration period on the original 103 i

3 block. And, in fact, the eddy current inspections of the

4 crack depth prior to the demonstration period, I believe

5 also confirmed by some ultrasonic inspections Which were

6 consistent with that 1.5 or 1.4 to 1.6 inch crack depth

7 prior to the period.

I 8 And it is those two crack sizes which form, in
i

9 part, the input to the cumulative damage analysis of crack

10 progression which is benchmarked against the performance of
3

; 11 the original 103 block during that test period, 3/11 through

; 12 4/14 1984.
- 13 O Well, Dr . Rau, is it your opinion that the

,

14 ' cumulative damage a'nalysie-- Or, What is your opinion with

15 respect to whether the cumulative damage analysis was based,

i
'

16 on adequately precise crack measurements? Wa s it or wa sn' t

17 it?

18 A (Witness Pau) It very definitely was, Mr. Ellis,,

i

19 for the reasons I have just indicated. The crack size after
|

20 the endurance run was confirmed to be within 2.8 to 3 inches |

21 deep by four independent methods, and the measurement
.

22 before has been confirmed by the eddy current and

23' ultrasonics to be' within 1.4 to 1.6 inches deep. And

24 there's absolutely no concern Whatsoever for the validity of;

25 either one of those numbers within those ranges quoted.
.

..

!

|
|

i
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] 1 WRBwrb 1 Q Gentlemen, in that same answer Mr. Bridenbaugh

2 states, and I'm paraphrasing, that the original analysis was

3 inadequate -- referring to the cumulative damage analysis -- |

()'

4 at 35, 39 and the same weaknesses exist at 33, because it i

|
5 was based on inadequate -- in part, based on inadequate 1

i
6 crack propagation data. !

,
,

'

7 Do you agree with that, gentlemen?
i

8 A (Witness Rau) No, Mr. Ellis; I strongly disagree

9 with Mr. Bridenbaugh's testimony in that regard. He is*

10 implying that we do not have adequate fatigue crack

11 propagation data upon which to perform our cumulative damage

12 analysis of fatigue crack propagation. I disagree with his

13 statement because it's clear that we do.
.

14 With regard. to .the original 103 material - *that

O~
.

15 is, the benchmarked testing upon which the analysis in in

16 part based -- we actually cut physical samples from the

17 block top region of the original 103 block. It contained

18 the same microstructure, the same degenerate Widmanstaetten

19 graphite that was throughout the original 103 block. We

20 made fatigue crack propagation measurements on that material.

21 cut from the same original 103 block. We measured the

22 effect of variable cyclic stress amplitude, we measured the
.

23 effect of variable st~eady, or mean stress on the rate of

24 fatigue crack propagation on the original material cut from'

( 25 the old 103 block.

I

l
i

|

!

_ .;
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1 WRBwrb l- For that reason we have done a direct and precise

2 measurement of the rate of fatigue crack propagation in the

'

3 original 103 block material.

4 Now, to perform the cumulative damage analysis we

5 also have measured, directly measured, the fatigue crack

6 propagation rates in conventional gray cast iron without

7 degenerate Widmanstaatten graphite.

I 8 Short of completely destroying the 101 and 102

9 blocks, and cutting material directly from them, we have

10 done the best that anybody could possibly do with regard to
,

11 quantifying the rate of fatigue crack propagation in typical
]

12 gray cast iron of the ASTM A48-64 gray cast iron Class 40.

13 We did. that by cutting samples from a large casting made by-

!*
[}

14 .TDI in an area where the wall thickness was approximately

15 three inches, where the microstructure was confirmed to be

16 conventional, or typical gray cast iron. We fabricated a

17 laboratory specimen, we.went to the laboratory and we
,

18 measured on those specimens cut from the typical gray cast

19 iron the effect of variable cyclic stress, of variable

20 steady, or mean stress, and we did it on exactly the same

!. 21 basis we made the measurements of fatigue crack' propagation

! 22 on the original 103 block material with degenerate

23 Widmanstaatten graphite.

| 24 So, as I said previously, short of literally
' ' )

25 cutting material actually precisely- from 101 or 102, we have

i

,
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1 WRBwrb 1 gotten as close as we can with regard to the same class of

.

2 material, large castings, same manufacturer, same thickness )

3 of material. And, in fact, it is those direct measurements

'( 4 which we have used on both the original 103 and also on

5 typical cast iron that formed the basis, in part, of our.

6 cumulative damage analysis of fatigue crack progression. |

7 Maybe Dr. Wachob, who did the testing, would like

8 to add something to it.

9 A (Witness Wachob) No.

10 Q Dr. Rau or Dr. Wachob, I'm not sure I got-- You

11 may have said this, but did the examination of the

12 microstructure of 101 and 102 reveal the same microstructure

13 as that typical of Class 40 gray cast iron?
,

~ '

14 A (Witness Wachob) Yes; in all cases where we.

I 15 examined the microstructure in 101 and 102 we found that it
'

,

16 is typical of that which you would observe-in an ASTM Class

17 40 gray cast iron. So, therefore, the applicability of the,

18 exemplar material that we have to the testing, in comparison

j 19 to the 101 and 102, is direct, and, therefore, quite
.

10 appropriate.
f

21 - JUDGE BRENNER: Dr.- Wachob, you're talking about
i

! 22 everything you looked at before you testified previously;

23 correct?;

24 WITNESS WACHOB: That's correct.

25 JUDGE BRENNER:- We're starting to get too
.

,
-
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1 WRBwrb 1 repetitious.

2 MR. ELLIS: Yes, sir.

3 BY MR. ELLIS:
:

4 O Gentlemen, finally, Mr. Bridenbaugh states that'

: 5 the original analysis was inadequate at 35 and 39, and the

| 6 same weaknesses exist at 33, because it failed to account
i

i 7 for possible variations in the rate of crack growth at

8 various points in time.

9 Do you agree with that, Dr. Rau?

10 A (Witness Rau) No, Mr. Ellis, I do not.
I

11 It's quite clear, once you understand the details

12 of the cumulative damage analysis of fatigue crack
1

! 13 propagation that it does, in fact, consider in a

14 conservative fashion the variation in crack growth rate at-

)
j 15 various points in time.

i 16 The original 103 block and the progression of the
,

17 stud-to-stud crack during the demonstration test period

i 18 between 3 /11 and 4/14 1984 in fact undergoes progression of

19 the stud-to-stud crack during that period over the crack
;

i 20 size range which is the one used to benchmark the cumulative i

21 damage analysis. And to the extent there are any

] 22 significant variations in crack progression over that time
'

|

,

period, or over 'that distance of crack progression, that's I23
:

l24 incorporated, if you like, automatically through the

. .O 25 behavior of'the original 103 testing.'

'

l

1
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1 WRBwrb 1 I've indicated that in addition to that the

2 analysis which we've performed is conservative, and it

3 incorporates any possible variations in a conservative way.

() 4 And what'I mean by that is the following:

5 The analysis which we did, the cumulative damage

6 analysis of fatigue crack propagation in the block top, has

7 not incorporated any effects of fatigue crack retardation
-

8- that sometimes result as the result of variations in the
!

9 load mmplitude and sequencing of loads. And in particular,'

10 what happens -- I think Dr. Bush may have testified about

11 this already: if there's a high load or stress which is

I 12 subsequently followed by a lower load or stress, the fatigue
~

13 crack progression at the lower load of stress will be

14 retarded or slowed down if in fa'ct it is preceded by a' high,

(:) -

.

,

15 load first, compared to what it would have been without that
i

16 high load preceding the operation at the lower load.

17 The reason for which' oup cumulative damage

! 18 analysis is conservative, it is that the postulated
.

| 19 LOOP /LOCA load profile involved the highest demands, or

| 20 loads, and therefore corresponding - stresses in the block top

21 area early in the LOOP /LOCA load profile, followed with

22 subsequent operation at lower load levels.
~

23 So that if in fact the effects of variations in

24 crack progression due to this high load followed by low load

12 5 were to be incorporated explicitly in the cumulative damage

. .

I

!6

;

! , . - -.u
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1 WRBwrb. I analysis, that would have resulted in even slower crack |

2 progression, or postulated crack progression during the

3 LOOP /LOCA event, and therefore even larger margins than i

4 those which have been demondtrated by the conservative |

5 analysis which we've done.

6 In addition to that, idue demonstration test period '

.

7 -- that is, the 3/11 to 4/14 testing done on the original
I

8 103 block involved the largest, or highest stresses and |

'

9 loads occurring late in the demonstration test period. So,

10 if you like, there would be no retardation during the

11 demonstration period, and there might be retardation during

i 12 the LOOP /LOCA load profile. And if you think about that for
. ,

i .13 a minute, the combination of those two is the most

[14 conservative it can be. -

15 In other words, had we incorporated any crack

16 growth retardation phenomena into the model, it would have,

17 resulted in even a larger predicted demonstrated
4

18 margin between the original 103 and the requirements of the
> ,

: 19 101 and 102 during a LOOP /LOCA. |

20 So the fifty _ consecutive LOOP /LOCAs that have been f

| 21 Jemonstrated would be even larger if, in fact, any variation
'

,

t :

,| 22 in crack progression beyond those which are automatically
,

i 23 included by the demonstration, or comparison with the
>

24 original 103, had been included in our analysis.

O 25 MR. ELLIS: Judge Brenner, that's all the ;

i.

t

:

i
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1 WRBwrb 1 questions we have. This might be an appropriate time for a

|

2 break.
|

3 I think Mr. Stroupe has those exhibits for the

( 4 Board at this time.

5 JUDGE BRENNER: All right.

6 I don't know what your concern is for finishing

7 with this panel today al so. You have got competing

8 tensions. Do you want us to take the time to take care of
,

9 Dr. Johnston -- you know, depending on our ruling -- and |

10 then at the same time you want us to presumably not take too
4

1 11 long,a break because we might finish this panel.
1
'

12 Do you want to help me out on that, Mr. Ellis, so

- 13 I can decide how long a break to take?
* -

. .

14 I'm trying to ac'commodate your witnesses,.but I ~

15 don't know if you have competing considerations. You andj

. 16 Mr. Stroupe might have disagreement as to priorities; I

17 don't know.

18 MR. ELLIS: I think Mr. Stroupe and I would be

l 19 happy to do it in whatever way the Board'would find it
,

20 appropriate.
.

*

21 I would imagine that getting the crankshafts
i !

22 entirely behind us would have some priority over-- It is 1

i

23 one against five, but, nonetheless-- Either way; it doesn't

; 24 make any difference to us. Whatever the Board wishes.

! 25 JUDGE BRENNER: This will take another moment or

4

i

I

--
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1 .WRBwrb 1 time of time, but I wanted to inquire at some point today,

t

2 and I'm afraid in the rush to get out of here at the end of

3 the morning session there might not be time.

4 I know that LILCO said they still want to raise
i

5 further settlement possibilities before the Board. The

6 Staff had no objection, as I recall; I don't know if they
,

7 favored it, but at least they had no objection. The County

and the County also represented the State's point of view8 --

I guess thought nothing further would be gained on9 --

10 it, to state it as moderately as I can.

11 Were you opposed to it?<

12 MR. DYNNER: Yes, we're opposed to it, because we

| 13 . don't think there are any settlement discussions going on. *
*

14 JUDGE BRENNER:. That was going to be my next{}
15 question.

16 Should there not be -further settlement

17 discussions, however long or short -the parties mutually

18 thinkLis appropriate before we even consider bringing it

19 back before the Board again?

20 MR. ELLIS: Well, I think-- Yes, sir, we are
e i

21 certainly happy to continus to discuss with the County}"'But

22 I think what we have is a position taken by the County from

23 which there is no movement.

24 I'm the author of the last communication.
(

25 JUDGE BRENNER: I don't even know if I've seen the

i

I

>
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1 WRBwrb 1 last communication. But that doesn't matter.

2 I'll see if one or two questions will help solve

3 it; and, if not, I'll abandon the whole subject in favor of

O 4 the breax.

5 We can let the witnesses take a break now while we |

l

6 keep talking. This won't relate directly to their !

7 testimony. .

8

9

.10

11

12
*

13
. .

,

14 .

15

16

17,

18

19

20

21

22

23

24

i 25
.
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1 WRBbur 1 JUDGE BRENNER: Mr. Dynner, am I correct that as
,

2 long as LILCO is not proposing anything with respect to

! 3 further testing of the 101 or 102 engine the County sees
.

4 nothing further to be gained by further discussion? I s that

5 right?.

6 MR. DYNNER: Well, I wouldn' t characterize the

7 County's position at all that way. The County's position is

8 that settlement discussions have not taken place, that we

9 received a proposal, we responded to that, and we received

10 another letter -- and you have seen the correspondence --

11 and nothing further has occurred. ,

12 So we have rejected the initial proposal. We

- 13 have not heard any response to our settlement proposal other

I 14 than their proposal, and there haven't been any discussions -*

,

15 and there aren't any negotiations, and as far as I am

I 16 concerned, settlement has to be among the parties.

17 And if. the parties mutually -- as you said on the

18 record previously, if the parties mutually agree that it

19 would be helpful. for the Board to intervene and to assist .*

20 the parties in getting over some kind 'of a hump, then that

21 might be appropriate, but we are nowhere near that stage.

22 JUDGE.BRENNER: Are you willing to have

23 settlement discussions between now and early next week,

24 Mr. Dynner, without the Board, just the parties?

'O 25 Maybe I misunderstood. You see, I thought you

!

:6

!
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| 1 WRBbur I were opposed to that. But something you just said now leads

2 me to believe that --

3 MR. DYNNER: We are always willing to believe, to
,

() 4 listen to, to have communications with LILCO and the Staff

5 about their positions in respect to possibilities for

6 settling the issues. We haven't had those discussions. We

7 have had an exchange of correspondence, and we have had

8 litigation.

9 JUDGE BRENNER: All right. During this break,'

10 talk about when you can have further discussion. I am not

11 talking about when you finish them or -- well, I can't take

12 it too far, obviously. -

13 What-I really want to know is whether you can
i .

14 h, ave furtha/r discussions between now and very early next
.O-

15 week, and then we could get a further oral status report,

16 and I am hoping to complete the hearing possibly on Monday,

17 but we will hold over for that subject ' until Tuesday

18 morning, or somethin@ of that nature.,

I .

.

19 MR. DYNNER: My own feeling is that we ought to,

20 go forward and complete Lthis hearing. ' We are very close to.

21 the end, and whatever discussions and negotiations are
!

22 possible to be carried out either will or will'not happen.
I

23 It just seems to me I can't be in a position to say that I

24 - can do anything between now and Monday or now and Tue sday,

25 and hopefully we will be able to continue -- or to begin,

1

,

~ - - ~ .
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1 WRBbur 1 I should say -- discussions after we conclude this hearing

.2 and -keep the Board apprised if anything happens as a result
4

3 of those discussions, if they occur. )

I
- 4 JUDGE BRENNER: Well, I think it would be

5 reasonable -- unless you point out why it would be

6 unrea sonable from your point of view -- for us to require j

7 the parties to have -- to begin the discussions that you,

; 8 have said have not occurred between now and early next week

9 so that we could at least get a status report and then make

10 a more informed decision as to anything we might -- whether

j 11 there was anything we might say or do that could stimulate

2 12 anything further. *

13 Now, we might agree with you that at that point
,

i 14 there is still' nothing further for us to do, and we might
|
' 15 well decide to do nothing, but I want to have that other

16 opportunity, and it will be very convenient, since we are

17 all going to be here next week, to work it out so that we

: 18 can have the opportunity then.
'

t

19 MR. DYNNER: I would respectfully suggest that if
,

20 the Board requires the parties to have discussions, that

21 those discussions are probably not . going to go anywhere.
4

22 Discussions on settlement go someplace if the parties

23 mutually decide that they have something to discuss and that ,

24 there is movement on either side, but I don't think it will
i

25 be appropriate for the Board to require discussion to take

;

I

f

-- p --|gy, .,-g,,

'
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'

t 1 WRBbur 1 place.
| |

2 I would hope discussions would take place if

3 people's positions are such that they could have
.

4 discussions.

5 JUDGE BRENNER: I am confused again. You will

6 forgive me.
!

7 I thought you said you would be willing to'

8 undertake discussions. That was my starting point. So my*

9 only question is for us to force the timing a little better
,

10 than leaving the timing wide open, and that is all I thought

11 I was speaking to because you corrected my previous

12 misimpression and told me you were certainly willing to have

13 discussions. .

.

'14 NR. DYNNER: I said'we'are willing-to talk if
*

15 LILCO has something they want to talk to us about. I don't

16 think that discussions ought to be imposed by the Board, and 1

f

' 17 I don't think a timeframe for those discussions ought to be
-,

18 imposed by the Board.

I 19 .I think at this stage in particular settlement

20 negotiations and discussions ought- to be. left to the
:
! 21- parties.

| 22 JUDGE BRENNER: You are not communicating any

23 substantive thoughts to me, Mr. Dynner. I am not receiving

24 any, let's put it that way.

)
;

. 25 All right. Let's take a break. We will see if

i

!,
,

I
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{ l WRBbur 1 we can do what we need to do by 11:15, and if we are not

2 ready then, we will let you know.

3 (Recess.)

() 4 JUDGE BRENNER: Back on the record.

i 5 We have reconsidered, at LILCO's request, and now

I 6 supported by their written proffer, whether to allow LILCO

! 7 to put in the " Proffered Testimony of Paul R. Johnston,"

8 dated March'8, 1985-.

,

'

9 On reconsideration, we hold to our original

10 ruling, for the reasons we gave on the record yesterday, not

11 to admit the testimony. There is no need to repeat that.
i

12 I will further point out the obvious, that to the
;

13 extent there is information already existing in the record

| 14 that the parties want to bring together in the.ir proposed-

O
15 findings, they are entitled to do that.,

!

i 16 MR. ELLIS: Judge Brenner, maybe before the Board

17 begins its questions --

18 JUDGE BRENNER: I have one other subject.

19 Your subject was related to the testimony?
!

20 MR. ELLIS: Yes, sir.

21 JUDGE BRENNER: I am sorry. I had one other

i 22 subject.

a

: 23 With respect to settlement discussions, it is the
,

! 24 Board's view that we would seek to require further

f 25 discussions to take place as a follow-up to what has

i

!

;. .

i
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1 WRBbur 1 already taken place. Some of it we have seen in the

2 exchange of letters, some of it we may not have seen.

3 But we want further discussions to take place,
,

() 4 and we want to be able to establish a timeframe for the,

'

5 parties to report back to us to communicate the status to
i

6 us. Those are the goals that we can and will require be
,

7 implemented.

8 However, for now; that is, between now and

9 Monday, we want to leave it up to the parties both as to

! 10 what an appropriate timeframe should be for requiring the
1

11 parties to have further discussions and communicate back to
1

12 us.

j 13 But we want a finite timeframe and what form that
.

14 communication back to us should take, whether it should be a

(
15 written report, a conference of counsel, probably in'

16 Bethesda with the Board, or both, or maybe no written

17 report.

! 18 So the parties at least.are required to talk

; 19 about that much. Label that the " shape of the table"
i

i 20 discussions, to take place between now and Monday, and then

21 let us know, and I am sure the parties, with those goals in
|

,
22 mind, can come up with something.

i
23 obviously, when the time comes for the parties to

,

24 report back to us, the report may be that no further

j ( 25 progress has been made, but....I am talking about the

:

' b

- N ? T_L . . _ . . , . . . - . ,
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' ' '



. - - _ _ _

~

.

I

..

2630 08 07 28843 |
|1- WRBbur 1 ultimate report back to us.

2 We think that is consistent, or at least not

3 inconsistent, with anything the parties express so far. We

4 are at least not discouraged by the fact that no party has
:

5 said absolutely there is no point in any further discussions
i

6 to take place, and having been through lengthy proceedings j

j 7 already and having seen the parties' very successful results

8 in at least holding discussions even when they do not reach

9 fruition, we would have been surprised if any party had

10 taken that position.

11 So the parties that the parties -- at least we.

12 have confidence that the parties will continue to approach

13 this matter as they .have approached settlement matters in

14 the past,' and if no progress is made, 'that will be the
,

,

15 result. But nevertheless, we are going to require that you

16 try, and you tell us how best -- what type of framework that

17 that could be done to best suit your mutual purposes.

18 Since we are not going to -- well, I don't think

! 19 we will finish with this panel . If it.looks like we are not

20 going to finish with the panel, anyway, we probably would

21 like to adjourn at about 11:50 to give us a little more ;

22 time, but if it makes a difference between finishing and not i

!

23 finishing we have some flexibility.

24 Mr. Ellis, you wanted to raise a matter?

() 25 MR. ELLIS: Yes, sir, two things. With respect

!
1

!'

|
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1 WRBbur 1 to the Board's ruling, the proffered testimony, is it the

2 Board's practice to bind that in as offered but exclude it?

3 And if so, I would ask that that be done.

() 4 JUDGE BRENNER: Yes. We will make it an exhibit

5 so as not to confuse the parties here to thinking it is in

6 evidence.
.

7 Thank you. I should have offered that. I guess
,

8 I did yesterday and forgot to renew the offer today.

9 I suppose we will give it a C exhibit number. ,

!

10 MR. ELLIS: Yes, sir.

11 JUDGE BRENNER: We believe, taking two lists,

12 which may not be accurate, that we are up to C-43 for

. 13 LILCO.
.

14 Do you know?

O
15 MR. ELLIS: I don't know, Judge. I will check

16 that. I think that is correct, and we will supply four,

17 copies to the reporter marked as C-43.
I

I 18 JUDGE BRENNER: All right. The " Proffered-

19 Testimony of Paul R. Johnston," dated March 8, 1985, which

| 20 consists of three typewritten -- a cover page and three

'
21 typewritten pages will be marked for identification as LILCO

22 Exhibit C-43, and it has been rejected by the Board for the

23 reasons indicated.

24 (LILCO Exhibit C-43

( 25 identified and rejected.)

|
'

.

|

'
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1 WRBbur 1 MR. ELLIS : The second point, Judge Brenner, is

2 that Mr. Dynner had asked for some figures that

3 Mr. Youngling said he would obtain at the break. He has

4 those figures now and is prepared to give them if the Board

5 considers this to be an appropriate time.

6 JUDGE BRENNER: Fine.

7 Mr. Youngling.

8 WITNESS YOUNGLING: Judge Erenner, on page 5 of

9 our testimony, Mr. Dynner asked me how many -- what

10 percentage of the hours of the 745 hours that were
,

11 accumulated during the 10-to-the-7 test were on the

12 replacement 103 block.

13 of those 745 hours, 596 hours were on the

*

14 replacement block. *

}
,

15 He also asked me, of the 507 hours cited in the

16 fourth line of my testimony, how many of those hours were at

17 3300 kw, and there were approximately 426 hours at 3300 kw.

18

19

20

21

22

23

24

O 25

.

.
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2 WRBeb 1 JUDGE BRENNER: Is that 426 of the 5967.

2 WITNESS YOUNGLING: Of the 507.
;

3 MR. DYNNER: May I ask a question, Judge Brenner,

( 4 of Mr. Youngling, with respect to the remainder? He said'

l-
5 that 426 hours were-at 3300, and I was going to ask him

,
,

6 about the remainder between 426 and 507.

7 WITNESS YOUNGLING: The remainder of those hours

!
8 were at greater than 3300.'

!
9 JUDGE BRENNER: We will let you come back to it'

10 as part of your follow-up questions if you want, Mr. Dynner,
,

!
11 if you think it is necessary to ask a question or two now so'

! .

i 12 you can contemplate the answers, I will let you do that ,

;

13 al so . - ,

;

14 MR.*DYNNER: Either way. I am confused now. more
'

-
,

' 15 than I was before. And I could ask some questions about

i 16 this discrete area. -

17 JUDGE BRENNER: Go ahead. |

18 MR. DYNNER: Thank you, Judge.

19 BY MR. DYNNER:

! 20 0 Mr. Youngling, your testimony says more than 507 ;

i

21 hours were at or. about 3300 kilowatts as indicated on the,

)
1

! 22 main control room kilowatt meter. You now said that 426 i

i !

23 hours were at 3300 kilowatts.
, ,

I |'

24 were those 426 at 3300 kilowatts as indicated on
i

i

i 25 the main control room kilowatt meter?
(
<

|

|

-
.

I
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1 WRBeb 1 A (Witness Youngling) As I testified this morning,

,

2 those 426 hours out of those 507 were accumulated during the

3 endurance run, the 525-hour endurance run, and a portion of ;

4 those were off the main control room kilowatt meter, but |

5 there also was a portion that were taken off the watt hour i

6 test loop, the more accurate measurement loop.

7 0 Yes.

8 And were these 426 that y'ou' re talking about all
,

9 as indicated on the main control room kilowatt meter, or

! 10 were some of those also recorded by the other device?

11 A (Witness Youngling) I don't have a precise

12 breakdown but more than likely, a portion of them were off*

13 the more accurate loop. But ,I don't have an exact
14 . breakdown.

) .

15 O Then you said the difference between the 426 and

16 the 507 hours that appears in your written testimony were at

: 17 loads in excess of 3300. Precisely what were th'ose loads,
|

18 if you know?

19 A (Witness Youngling) As we testified in our

20 earlier testimony on the load contention, a portion of the

,

21 hours during the 525-hour run were at greater than 3300 up

22 to 3400 kw, as indicated on the watt hour meter.
|

! 23 O So this 81 hours were somewhere between 3300 and
i

j 24 3400 but you don't know precisely where. Is that right?

('

25 A (Witness Youngling) I don't have the precise
;
il

b-
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"

! 2 WRBeb 1 breakdown with me, no.
:

! 2 O My statement is correct then; is that correct?
!

! 3 A (Witness Youngling) No, I know where they are.

4 I don't have the breakdown with me.
i

5 Q But my question is--1

! I

i 6 A (Witness Youngling) I'm sorry, Mr. Dynner. |

!
7 O The 81 hours were somewhere between 33 and 34

8 hundred. Is that.right?; ,

9 A (Witness Youngling) Yes.

! 10 Q Thank you.
!

f 11 MR. DYNNER: I think that clears it up for me.
-i

12 Thank you, Judge.

13 EXAMINATION BY THE BOARD-

|
'

14 BY JUDGE MORRIS:.

O
' '

i -

15 Q Dr. Rau, I have some questions. Mr. Ellis-

i

{ 16 started you through Mr. Bridenbaugh's testimony, but he
:

| 17 stopped before getting to question and answer 6. I will
i

| 18 give you a minute to refresh your memory on what that answer
i t

! 19 was.
I

j 20 (Pause.)

21 Mr. Bridenbaugh states that

22 "The results of the endurance test do
|

| 23 not disclose anything about the enduranca limits

! 24 of 101 and 102 blocks for a number of reasons,

25 one that the cast 3 ron of 103 has a tensile

i

1
6

.
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! l WRBeb 1 strength substantially higher than that of EDGs

2 101 and 102."
;

3 Would you comment on the validity of |

O.

4 Mr. Bridenbaugh's reason there?
,

i 5 A (Witness Rau) I 'm sorry, Judge Morris. You

_ 6 asked me to comment on the entire answer, or just that

7 portion? |;

f 8 0 I'm going to try to take you through it a part at
!

j 9 a time, starting with (i) on page 4.
i

j 10 A (Witness Rau) Okay.

11 I think I would generally agree with

12 Mr. Bridenbaugh with regard to that particular subitem in
j
'

13 the sense that although "anything" is a very strong word, I.

}
certainly would have concurred.that the* cast. iron used for.*.

'

14

| 15 the replacement 103 block is of a different specification

16 and is in fact of higher strength than that in 101 and 102. i:

i

j 17 That's a true statement. [

18 And to the extent that that therefore prevents

i 19 direct applicability of any testing done on the ' replacement

) 20 103, I would concur with that subpoint.
1

j 21 Q The next subpoint which is (ii) has to do with
i

j 22 the design changes between 103 and 101 and 102. Will you

23 comment on that?

24 A (Witness Rau) Yes, Judge Morris.;(
25 As I think we have testified extensively

i
1

$
J
l
i

s

1
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. RBob 1 previously, it is my opinion that the design modificationsi 1 W
|

2 or improvements that were incorporated in the replacement

{ 3 103 block, one of which is made reference to in

O4

.

Mr. Bridenbaugh's testimony, would have the effect of |v 4
| ;

j 5 reducing the stresses and increasing the margin. And to '

I !

| 6 that extent I would expect the replacement 103 block top to
i
! 7 be even more reliable than the 101 and the 102 are.
4

8 Q It is my understanding, and correct me if I'm j

|

| 9 -wrong, that LILCO chose to run the endurance test on 103 so ,

i
10 that they could monitor the cracks in the cam gallery which |

! |

| 11 they felt was not a feasible thing to do on 101 and 102. Is ;

i I
'

| 12 that correct?

13 ,A (Witness Youngling) ,Yes, Judge, that was

) certainly one of the reasons that we chose the 103 engine,14

15 yes.

| 16 In addition, of course the major emphasis for the
1

| 17 test was to approve the crankshaft. And we also wanted to ;

i

18 put some hours on this new 103 block to give us rea. surance i
i

i

|
19 of its reliability.

I 20 A (Witness Rau) Judge Morris, I would just add
I
4 ,

21 that it certainly was my recommendation to LILCO that in,

1

{', 22 - fact the replacement 103 block was much more appropriate for

) 23 the cam gallery strain' gage testing. And in fact, the 101
'

1
! 24 and 102 would have been very difficult to accomplish that
! (
{ '25 task and I recommended the testing be done on the
|

4

I

, ,

|

|
,

.-+..+sn-,n-.-,,,-~,. ~ ~ . - -



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

i _

t

!.
2630 09 06 28851
1 WRBeb 1 replacement 103 block for that rea son.

;

j 2 Q Was there any consideration that running an
i

3 endurance test on either 101 or 102 might be damaging to

() 4 those engines?

I

5 A (Witness Rau) Well, as I have indicated, ;,

{ 6 Judge Morris, the reasons for selecting the replacement 103

| 7 were primarily with the cam gallery testing.

| 8 I think with regard to whether it would be

9 damaging or not, I don't think that issue was even part of

! 10 the consideration. It's my opinion that the testing with

j 11 regard to the crankshaft wouldn't have mattered, whether.

f 12 they had done it on 101, 102 or 103.

! 13 I also am of the opinion that thers wouldn't have
'

i i

14 been anything gained by -- with regard to the block, top
j_ 15 reliabili' / by doing the 10 to the 7 testing on 101 or 102,
i

16 the reason being that 101 and 102 already have ligament

| 17 cracks and the endurance testing is a test with regard to
i

j 18 crack initiation. And once you have cracks, obviously you
i

j 19 cannot confirm -- you are not going to get cracks by doing

i 20 the endurance test. And I really felt there would be

21 nothing gained by suomequent testing on 101 or 102 even if
i

| 22 in fact the cam gallery vare not a dominant issue with '

23 regard to which block'to utilize.
I ;

i 24 BY JUDGE BRENNER:
!

i 25 Q Dr. Rau, wouldn't there have been information

!

i

a
!
i

! |

i
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.1 WRBeb 1 to have been gained as to the validity of your prediction of

!2 the extent of crack propagation of the 101 or 102 block to

3 have tested them further from the point of last baseline

( 4 measurement, or is that not the case?

5 A (Witness Rau) No, Judge Brenner, I don't think

6 it is the case for the following reason:

7 There are no stud-to- stud cracks in the 101 or

8 102. The cumulative damage analysis of crack propagation in

! 9 the stud-to- stud region is based upon -- conservatively

10 based upon crack progression once you have a crack that

11 reaches the depth of 1.5 inches.'

Because neither l' 1 nor 102 had stud-to-stud12 0

13 cracks, additional testing would not serve to demonstrate
,

; anything with regard,to the rates of. subsequent crack.14

15 propagation until such time as those cracks developed, if in

16 fact they were ever to develop.

17 0 Is there a significant level of cycJ.es of

18 operation applicable to the blocks above which you would and'

19 up past a knee in the-- Let me back up.

20 Is there an S-N shaped curve applicable to the
i

21 blocks that is expressed in stress levels and cycles which 1

22 would be the same as the shape of the S-N curva that we have

23 previously discussed with respect to the crankshaft?

24 A (Witness Rau) I don't know what you discussed,

25 with regard to the crankshaft, but we have in fact produced

.

,

i

!

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



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

!-
1

2630 09 08 28853
s 1 WRBeb 1 in one of our prior exhibits -- I don't remember the number
|

3 2 now -- but the actual S-N data measured for the original 103
:

3 cast iron material, and also representative S-N data for the

4 A4864 gray cast iron with typical microstructure.

5 Those were the most appropriate S-N curves.
4

|

If yo,ur question means to ask if there is a6
|
,

7 certain number of cycles you can acquire on the block topa

1

8 which would give you some information about whether you'rej
.

f 9 going to get stud-to-stud cracks initiated -- maybe I'm
i
! 10 misinterpreting--

11 Q That's a good question.
!

| 12 A (Witness Rau) Surely there is information gained

13 as you produce -- put cycles on the block top. Based on the
,

(} 14 knee to which we have actually measured and seen in the

15 literature, I am not prepared to say that there is any
: -

{ 16 magical number at 10 to the 7 or 3 x 10 to the 6 or 5 x 10
l

|
17 to the 6. '

| 18 But certainly as you get more and more cycles on
!
' *

19 without initiation of the stud-to-stud cracks and you

20 already have. ligament cracks, you do gain some information'

21 with regard to the conservatism that was in our analyses of

22 the block top once it contains ligament cracks.

| 23 And there'is no question that the 101 and the 102
i

j

() 24 block tops have experienced a substantial amount of Buty at
I

i 25 a range of power levels much of which is up in the 3500 kw
!
!

!.:

I

i
l

: 1
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1 WRBeb 1 regime, which are equivalent to hundreds of hours at 35 and |

,

even larger hundreds of hours at 3300 kw. And these, a s you2
.

! 3 know, are equivalent to 5 x 10 to the 6.

i- 4 They are less than the 740 that is required for
1

5 10 to the 7, but they are certainly well in excess of ai

6 million cycles which those two blocks, that is, 101 and 102, j

j . 7 have experienced without initiating stud-to-stud cracks, but
i

| 8 already having ligament cracks.
I

j 9 However, I don't think you can draw definitive
:

I 10 conclusions from additional testing of 101 and 102 on this
;

11 basis because there is another mechanism of potential crack

12 - initiation in the stud-to-stud region which we've testified
,

'

13 about previously.
'

)
Although you do gain some information with. regard14.

! 15 to the high-cycle fatigue mode or potential mode of crack
;

i 16 initiation, you don't gain -- unless you run a lot of starts
i

j 17 and stops, you don't gain specific information with regard
: s e

; 18 to the potential low-cycle fatigue load of initiation of
i
j 19 stud-to-stud cracks.

20 And for that reason, even if you were to run 5 x
I

| 21 10 to the 6, which we have done already, or to run 10 to the

22 7 cycles on 101 or 102 and show there is no stud-to- stud
i

! 23 cracks, you could not' be convinced that you might not get a

24 stud-to-stud crack initiated on subsequent cycling or

( 25 testing of either of those engines.

s

L

!

. . . . - -
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1 WRBeb 1 For that reason we have conservatively relied

:

uponthecrackpropagatkontodemonstratethemargintomeet2

i
3 its intended function during a LOOP /LOCA and although I

4 believe that there is additional margin associated with

! 5 crack initiation which might in fact preclude us ever

| 6 initiating cracks in the stud-to-stud region, I don't rely
d

7 upon that, nor do I rely upon the time it might take for a

8 crack to grow from initiation up to, a depth of 1.5 inches.;

! 9 These are additional conservatisms which we don't
I 10 take credit for, which would further expand the margin which
!

i 11 has been demonstrated by the cumulative damage analysis of
j

12 fatigue crack propagation.j
i

; 13
,

' .
.

*
**

14 -

j 15
:

i 16

I 17

j 18

19
,

i 20

21 .
'

! 22
;

! 23
:

'

24

25
q

! -

i.;

.
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1 WRBmpb 1 O I know -- Well, let me ask to make sure:

2 Your analysis from your point of view has

3 conservatively assumed initiation of stud to stud cracks

() 4 where a block already has ligament cracks, correct?
,

i

5 A (Witness Rau) That is correct. It also assumes, i

6 your Honor, that those cracks extended to a depth of an inch

7 and a half.

8 O Given the substantial number of hours already on

9 the 101 and the 102 block, in your view why do you not
.

10 believe you can point to that experience as a reasonable

11 assurance, in your professional opinion, that in fact stud

12 to stud ' cracks would not initiate in the 101 or the 102

13 block s?

14 A (Witness Rau) I'm not sure, judge B~renner, that

O
15 I couldn't. I just haven't attempted to do so because it's

16 not really necessary to do so, in my opinion, given the

17 enormous margins already demonstrated.

18 I think I have indicated that I do believe that

19 it is in fact an indication that our initiation analyses,

20 given the presence of a stud to stud crack, are in fact

21 conservative. But in fact it is not so many cycles, and

22 alco given the possibility of the thermal stresses and the

23 low cycle fatigue initiation, I don't choose to rely upon

24 that evidence as definitive evidence that we will never get

25 stud to stud cracks initiated.

.

. - .
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I' l' WRBmpb 1 Q All right.

2 Changing subjects slightly -- and this might be
i .

3 you, Mr. Youngling, or perhaps you, Mr. Schuster,.but

() 4 anybody can answer:

5 I can't locate the page right now, but I believe )

6 in your testimony -- however by reference to another.

; 7 document -- you talk about matters relating to future
i

! 8 surveillance or inspection of the blocks if operation is

9 permitted. That is, after an operating license.;

f 10 Could you tell me precisely what LILCO is

11 committing to do in that regard? I believe you reference an

12 FaAA report rather than spelling it out.
.

;

! 13 A (Witness Youngling) Yes, Judge. The major.

!
,

-

14 documents which will put in place the future testing on the
,

| 15 block consist of the commitments made through the DRQR

| 16 program and as implemented into the TDI owner's group -- the

17 TDI operating manual, which defines the preventive

18 maintenance program to be adopted by LILCO.

i 19 In addition, the Staff in their December SER on
!

! 20 the Shoreham engines has identified additional block
i

21 inspections that they are contemplating.

22 Now in detail, our commitment through the DRQR
i

I 23 program is to perform an eddy current inspection of the
!

j 24 block top between adjacent cylindars whenever the engine is

i 25 operated at 50 percent load or greater. If an indication is

.
i
#

.

i

: ,
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1 WRBmpb 1 found, the indication would be evaluated and depths down to

2 1.5 inches would be acceptable whereas depths below that

3 would not be acceptable.

() 4 In addition, as we discussed yesterday, we will

5 be performing the cam gallery monitoring, as we have agreed ;

i

6 to with the other parties.

7 0 Yes. I meant everything but the cam gallery.

8 But thank you for mentioning that.
,

9 A (Witness Youngling) Now in the Staff SER the PNL

10 consultants and the NRC Staff has asked us to supplement

11 these inspections by visually inspecting daily during any

12 operating period in the area on the block top to look for

13 any adverse situations.

l'4 In addition they h' ave asked us at each refueling*
-

15 outage to inspect the top surface of the block by removing

16 two adjacent cylindar heads.+

17 Those are the major thrusts of the inspections to
'

18 be done in the future.

19 O Are you telling me that LILCO is agreed -- has

! 20 agreed to do those?

21 A (Witness Youngling) We have not made our full

22 evaluation on the Staff SER recommendations, but we are
'

23 strongly considering 'the item number one on the visual

| 24 inspection. We have not finalized our thoughts on the

25 inspection between two adjacent cylindar heads, although at

.

. , ~ ,- . r-
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1 WRBmpb 1 this time we don't find that to be unreasonable.

2 Let me add, Judge Brenner, LILCO does have

3 confidence that the eddy current probe inspection, which is

() 4 to be done between two adjacent cylindar heads, will provide

5 us the same kind of information that this further NRC

6 inspection would provide. And that is our major reason in

7 not fully committing to it at this time.

8 O Have you finished?

9 A (Witness Youngling) Just one other point:

10 The eddy current inspection, of course, has to be

11 done between all cylindar heads whenever we run the engine

12 at greater than 50 percent load, whereas the Staff

13 recommendation would just be looking at two adjacent heads.

14 Q Does the eddy current-inspectiod frequency, then,

15 include at least monthly -- or let me state it differently:

16 Would it be performed every time the one hour run would be

17 performed?

18 A (Witness Youngling) Yes, it would, Judge. Since

19 the engine would be operated at greater than 50 percent load

20 during that one hour run, yes, the test would be performed,

21 the inspection would be performed.

22 JUDGE BRENNER: That's all the questions I have.

23 What happened -- I should have stated it

24 expressly -- Judge Morris is not finished with his

O)
.

(- 25 questioning. He allowed me to ask some questions on a

i

4

. - - n,..
_ _ , _ ., --
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2 WRBmpb 1 subject he was in the middle of, so we are not going to be

2 able to finish today in any event. And we might as well

3 adjourn. |

() 4 Give us one moment.,

5 (The Board conferring.) |

6 MR. ELLIS: Judge Brenner, is the Board

7 considering finishing everybody today, because we would

j 8 certainly be willing to do that.
:

.

9 JUDGE BRENNER: No, because it would not

I
10 terminate the hearing in any event.

11 I might have been willing to go that far if we

12 could have finished the entire hearing today, but I have no

13 hope of being able to do that.

;, If Mr. Dynner's cross plan is ,still reasonably14 *

15 applicable -- that is, his cross plan of the Staff
|

16 witnesses.

17 MR. DYNNER: Of course I'm going to have some
i

18 follow up on the basis of the examination by Mr. Ellis.

; 19 JUDGE BRENNER: But am I right that you have --

20 Well, how much crose-examination would you have of the Staff

| 21 witnesses?

22 MR. DYNNER: I think of the Staff witnesses my

23 cross plan would still indicate that that would be a

24 relatively short time.

IO 25 I don't expect, in other words, to have to

i

b

i

,

s,
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2 WRBmpb 1 examine the Staff witnesses on the block for more than an |

2 hour, and possibly less than an hour.

3 MR. ELLIS: I would have even less than that, far

.4 less.

5 JUDGE BRENNER: All right. I'm telling you what

6 Mr. Dynner tells me is he still intends to pursue the,

7 written cross plan that I have; and I have my own estimate

8 as to how icng that will take. So now we're going to

9 adjourn.

10 I. did want- to say one thing as a follow up to the

I 11 last testimony regarding inspections:
i
i 12 I suppose it's understandable that LILCO may
;

! 13 still be thinking about certain matters. But to the' extent
,

! *

| 14 those matters may be pertinent to our findings on issues in

15 controversy, the time has come because we're going to close

16 the record next week.

! 17 MR. ELLIS: Yes, sir, we'll be prepared to give

! 18 you a direct answer and a conclusive answer on those points

: 19 next week.

20 JUDGE BRENNER: All right.

21 I think it might be helpful if we could get in

22 writing -- no testimony, no explanation as to why it's a
i

| 23 good idea or a bad idea, just in writing; I understand it's

'

24 another document, but we're asking it to be pulled together

25 -- precisely what the conditions for the inspection of the

D

1

.

t

|

|
!

I
' ,

* * *
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| 1 WRBmpb 1 blocks would be -- and not including the cam gallery; you've
!

j 2 already given us that -- that LILCO would agree to,.is

) 3 agreeing to.

iO 4 And then I sug- se we - 1d m e to est, ai- in

| 5 writing, those further recommendations of the Staff very
:

6 precisely that LILCO is not agreeing to. And either the
1

:

} 7 Staff can supply that part or LILCO can also supply that

8 part, or both of you, both parties can put that together. '

,

>
; .

| 9 And we just want to be able to identify it.
I

j 10 I know I said earlier that we wanted to see that ;

I
} 11 in proposed findings -- and that's still true, and that was
, ,

12 a general statement. But as to this particular situation we;
i

! 13 want to see what the present posture is as of next week. ;

i

j '14 We're not requiring *that you be definitive, but I'm just
*

4 .

| 15 pointing out the obvious trade-offs.
,

; ,

j 16 MR. ELLIS: Yes, sir.
; t

| 17 JUDGE BRENNER: In addition, that, among other
!

! 18 things, is obviously a possible subject in the negotiations
!
j 19 among the parties,'

i !
20 All right. We will adjourn now. We wish all ofj

21 you a pleasant weekend, and we will reconvene at one-thirty ,
,

i

! 22 on Monday afternoon.

23 (Whereupon, at 12:00 noon, the hearing in the
;

| 24 above-entitled matter was recessed, to reconvene at

!v 25 1:30 p.m., Monday, 11 March 1985.)
i

i

t

j

i
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