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WRBwrb 1 UNITED STATES OF AMERICA

2 NUCLEAR REGULATORY COMMISSION

3 BEFORE THE ATOMIC SAFETY AND LICENSING BOARD

g 4 ________________________________

5 In the matter of: :

6 LONG ISLAND LIGHTING COMPANY : Docket No. 50-322-1 (OL )
7 (Shoreham Nuclear Power Station):

8 --------------------------------:

9 State Office Building,

10 Veterans Memorial Highway,

11 Hauppauge, Long Island, New York,

12 Thursday, 15 November 1984

13 The hearing in the above-entitled matter was

14 reconvened, pursuant to adjournment, at 9:00 a.m.

15

16 BEFORE:

17 JUDGE LAWRENCE BRENNER, Chairman,

18 Atomic Safety and Licensing Board.

19

20 JUDGE PETER A. MORRIS, Member,

21 Atomic Safety and Licensing Board.

22

23 JUDGE GEORGE A. FERGUSON, Member,

24 Atomic Safety and Licensing Board.

25 (Not present. )

.
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J2 -! n behalf of the ApplicantsO l, >
-

!3' T I M E L L I S ,::i E s q ._ ,

.
.: 4 .

~

- HUNTON AND WILLIAMS

5 700. East Main Street,-
~

'

.

6 Richmond' Virginia 723219 r
,

:7 ,

I

8 . On behalf of the' Nuclear - Regulatory Commission Staff:

9 ROBERT : G. . PERLIS,1 E s_q. ,
-

10 Of fic'e of the Executive Legal' Director.
.

11'

12 On behalf of Intervenor Suffolk County:

13 ALAN ~ROY DYNNER, Esq.,
.

.. 14 JOSEPH J. BRIGATI, Esq.,s

- 15 ' Kirkpatrick, . Lockhart, .-Hill, Christopher
:
; 16 .and Phillips,

17 1900 M Streen, N.W.,

18 Washington, D. C. 20036
~
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12 '': Combined Panel oni EXAMINATION'

. 3 Metallurgy:. ,
,

(4- _ Robert N. Anderson)~. -
-

5- Spencer H.'. | Bush '- 1) :
~

6, , Charles [ A. Rau : j) ,

[ i:7 ' Harry Frank'Wachob). -

8 LBy Mr.: Ellis (Continued) '26681'
.

9 1By Mr.|Dynneri ;26743
,

:10 By Mr_. Perlis- 26878

11 ~.By. Mr. ' Ellis 126883
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, 15 '(REJECTED"26741)
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17 B-63: 2 photos 26741

18 B-64: Photo No. 18-17-34, cross-section 26686
.

-19 through block top between Cyls 4 and'5
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| 22 82 - FaAA photos DP-1 - DP-3, 9/12/84 26817'26875
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,

;g- .. JUDGE jBRENNER:' ] Goodi morning.
-

.

.

.

. . .

13J Whereupon,. -

Q *
?4- . HARRY; FRANK WACHOB,'-

,

.u
, L5E ' CHARLES - A".- RAUi:

'

. . .-

6: . ROBERT ~N. ANDERSON-!
'

:
-

- 7.
~

and

-8: SPENCER H.'BUSHL

;9 resumed:the' stand and, .having'beenspreviouslyiduly sworn,. -

10 Ewereiexamined andEtestified.further-asLfollows::

11~ . JUDGE'BRENNER: ,We have a' preliminary matter
~

.12 -regarding.the issues remanded by the Appeal Board onLwhich-
.

13 .we have' received reports from the parties yesterday. .1We are
~

14' raising this'now so that Counsel.can consider it between now
'

15 and Tues, day when 'we will have that conference of partiec'in ' 4

16 Bethesda.
.

17 Incidentally, it will be Tuesday morning, and.we

18 will give you particulars as to the time and location as

19' soon as we can, and that may be as late as-Monday morning,

20 in which case it will of course be phone notification.

21 We have reviewed preliminarily the written

22 reports of the parties with respect to Unresolved. Safety

23 Issue A-47, which will be the subject, the primary subject

; 24 of my remarks now. We find the County's answer to be
.

25- unacceptably general, considering the request we made on the

;

-
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EWRBebi i1( transcript I andithel status f of ' that? item, ?: ,theJstatus:being: ~
,~

I

,

'

# w. 9- '. . . .. . .- .. . . .. .. . . . .
-.g . 3 2 -- - . thatl the ;Staf f icompleted |their' reviewfand { so! reported back - |

,

? y %y y ' s .3- in September,1983.
w> -

1
..4- ~

: We are unlikely;to stayfissuance; of, a-?lowipower'. '

.

,

M-
..

.

,

5 ~ ilicense ;in-- the~ absence of :a basis' to}do Tso presented by.' or:
'

. > .

- -61 ^at"the; November 120th; conference''of parties by the[ County'

'7: ~
'

.

su h-as aisettingiforth;ofLa' specific controlisyst'm.e

T:8 ~ interaction within.the scope:of theitwo, studies whish had' ,
t

,

9c :been required by:the' Staff and as I. stated,lapproved.byfthe
10 Staff back'in: September,.!1983.

11' Now while we.may'or may notIbe willink to.

12: , consider'any specific issues,with supporting basesiin|a time
~

13 frame beyond Tuesday for- the purposes of litigation 'of- the
-

M) 14 merits, my statement as to the possibility'of our finding.
L

'
15 that a low power license may not be -issued -in' the' interim-

16 stands.as I have'just stated it.

17 That-'is~all we have'in terms of preliminary
'

18 matters. If the parties have nothing, we can continue your

19 questions 'of this combined panel, Mr. Ellis.

: 20 MR. ELLIS: .Thank you,' Judge Brenner.- -

1

21 EXAMINATION-(Continued)
F 22 BY MR. ELLIS:

23 O Good morning, gentlemen.
: ._ .

24 Dr. Bush, I don'.t think I gave you an opportunity'
I

:- 25 yesterday, and.I do want to give you one today.
|

:

|
'

*
1

A.

.

!

,,-,----m.--,m,a-m~ ,,w-m n.,r,,,nmm.,-.-,v,w-r,e-. ,,.---,,n., ,n,.,,,, ,m,-?+--,,,.-a.,., -.mearv,,,...,, ,.ee,v...-nn,w,r-
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WRBeb1 1" Would-you= agree thatfin. order.to. draw confidentL

'

JL - conclusions from:an examination ~of theLapecimen'that'we were <

r3' -discussing: yesterday ~that'it'should,be metallographically.,_

SM L4' polished?:

5~ A -(Witness Bush)- I presume' we are discussing 'the

-6 crack that supposedly had further. cracks or bifurcation at

7. - the root. Is that correct?-:

8 'O That's correct,. sir.

9 A All right.

: 10 I would have ' difficulty- Well, two. options: ' I

lli : would either have to use an acceptable non-destructive-

12 ' examination-to establish the-crack morphology.or, if-I were

13 to base it on visual examination, I think'I.would require a
~

14 good degree of metallographic polish 1to get rid of1 artifactsj )
15 as much-as anything else.

16 Q Dr. Anderson, are you-now aware that there was

17 liquid penetrant examination of that' area that disclosed

18 only the three-eighth inch crack that was in fact

19 discovered?

20 A (Witness Anderson) Yes. I did review a report

21 which was done several weeks before I had an opportunity to

22 examine that area, and I also reviewed some pictures of the

23 area. The pictures do demonstrate-- The pictures of LP do

- 24 demonstrate an organization below the crack, but they

25 certainly do not have the depth that the crack -- that the

~

- . . . - - x- - - - - -- x..-- - - - - - . _ - - - - - - - - - - - - - - - _ _ _ _ - - - - . - . - _ - - - - - _ - - - - - - - . - - - _ - - _ - _ _ , - - - . _ - , - _ - - , , a__-.,----__a----__ m a
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WRBeb- -1: -major crack has'.-
+

-2.' EO- What picture-are you: referring to?~
.

'

3 .A There's a; colored picture of the unpolishedLfaceic,* :( yN) 4~ :that I looked at which:-is a side view, ar.6 there is dye

-5' penetrant on the surface. The major crack- - The
~

6- circumferential: crack is well? developed-in-that picture,~at
.

7 good deal'of bleed, and thenithere's a general back' ground ofc ,

8 coloribelow :that . from the roughness' of the unpolished
'

9 surface.

10- O This. organization that you're referring to,.is

'll that roughness on the. surface, or do you know?.

-12 A Well', it has to be associated with an artifact on' '

13 the surface, yes..

(f 14' O Well, Dr. Anderson, ar'e you now then satisfied

15 that-the only crack disclosed in that area was the

I16 three-eighth inch crack that was discovered by the liquid
!

17 penetrant?

18 A The liquid penetrant has enhanced the

19 circumferential crack that has been' reported, and it

20 certainly has considerable depth in that field. What it has

21 done to the area below is unclear. There appears to be no

22 cracks with the depth that the major crack has.

23 O Dr. Rau, do those pictures, in your opinion,

24 disclose any cracks other than the three-eighth inch crack

25 that was discovered on sectioning and liquid penetrant? i
!

!

!
|
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'WRBeb~ 'l - ~ A. '(Witness Rau) No~LMr. Ellis,_they do not. .In', ;

'2| ' fact, the > pictures show no ? indication .of . any . organization' of

-3- :the artifact. - In fact,- ifTyou look.at'the~ pictures,J there
.

V- - 4: .are' comparable artifacts-allfover that surface ~as revealed
'

-5 by the dye-penetrant.

6- If you like, there's a. photograph which I.think

7- clearlyJreveals that.

8 'O What photograph is that, so that the parties and '

~

9 the panel-can look'at it?-

10 A There's a number on - the face: of the' photograph,-

11 18-17-34. And it's' a photograph of the cross-section

12 through~the block top between. cylinders 4 and 5.after thei

-13 liquid penetrant and developer had been applied..

{ It reveals a circumferential crack indication in14

15 profile less than three-eighths of an inch deep. It also

16 reveals some very light -- it looks.like a mottled' structure

17 throughout the -balance of the cross-section from the tears

18 and pull-outs.

19 O May I have the number on the back again?

20 A There are no numbers on the back, only numbers on

21 the front.

22 MR. ELLIS: Judge Brenner, I think perhaps what I

23 would like to do is to have this photograph marked and used

24 as well, so that the record will be clear on it.

25 . JUDGE BRENNER: I have no objection. I have

.. . . - .. , _ . . - - . - . , - . , - - , . . . , . . - .
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- NRBob ?li never(seen:the; photograph ( LWe have no; copies,-1and1 frankly,;'
, e

[ _ _ J2) ;IJdon'1[like;lookingiat)xeroxediIcopies whi102the witnesslis-~

. 3 :l 3taliirig aboutfall thef amazing thingsithe photograph -#g g

kN N - f4{ . purportedly :shows,aand then havejto rely on my?catiching . up
~

i4
~'

.. . .
.

. , .- ..
=5: Llater after the witness is ino'. longer here,5 whenEyou = finally--"

,

':,
'

6- _ provide me*with'the'; original. "

.

.Ii hink this photograph.'is,7 MR. ELLIS:--Yes,' sir. t.'

8' ini the album whichi I-. believe 3 th'e' Board' has. :
_

9 ?JUDGELBRENNER: :No, we' don?t|have'it.-
'

1 -

>~

* 104 LThe procedure yesterday' worked satisfactorily

,i _ 11' from:our| point'of. view,.an'd I wanted to add that,~:that"is,
| 12L .you.had' xeroxed copies. marked for-the record and you lent us

f. -13 an origina1L photograph which 'we returned.' ; And that gave usi

14 the best of both worlds, with:your: promise-that;you-would
~

' -15 . replace the xerox with-the originals for theLrecord later.
. ,

j .16 Dr.-Bush, you don't have it'either?-
t- .

17- ~ WITNESS BUSH: I have seen it. The NRCicopy
t

| 18 seems to be somewhere.
1

; 19 MR. PERLIS: I believe itLis our copy that
i
j 20 Utility's Counsel is using now. .
!

| 21 WITNESS' BUSH: I have.seen it,'but I.must confess'
!-

:
_

22 that I don't' remember the root.

; 23 JUDGE BRENNER: Perhaps one advantage of this
~

24 combined witness panel is that you can kind of look over

! 25 each'other's shoulders and share it.

t
'

l '.

i.-

, ,

,
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WRBeb: Ili
_

LMR.:ELLIS: | Judge' Brenner,' ?Ilwillmhave~_a xerox of

,' [2; { thia marked at the .'first break'. I."haveE: handed.the Board a.q, :
.. _ .

,

4

- .j)7
' .3' - copy of the photograph, and-Isbelieve Counsel for~the County.-4

j :
-

> - ,-
,

%6 - [4- has .;.a t copy. And I<would askiDr. Rau to sharetth'at'with'the:- i

,5t.
.

other; members 1of.the1 pane 1.-

.6 . JUDGE BRENNER: fall 7 right, ' fine.: When you'do
' ~

;g

7" provide a xeroxed copyLit'will~be;LkLCO Exhibit.B-64 for.' '

, ,

,

|
~

8' - identification..-And.we will do'that.when you have;the.
E

' 9 -xeroxed copy,1but for now.we can all know'that1that willibe
,

10 .the . number . ;

-11 L(Whereupon,; Photo 18-17-34,- .,

12 section of block ! top was marked;
|

13 as LILCO: Exhibit B-64Jfor-

14 identification.)'

15 BY MR. ELLIS:
:

16 Q Dr. Rau, would you. repeat briefly your - ,

17 description' of what - the photograph B-64 depicts? -;

.

18 A (Witness Rau) Yes, sir,'Mr. Ellis. '

19 If you hold the photograph with the ~ numbers in
,

|~ 20 the lower right corner, you are looking at-a'section where
i

21 the block top is at the upper left and the counterbore runs

j 22 vertically down, and the liner. land is the short step from

23 -which, moving from upper right toward left and lower left,

24 is the liquid penetrant indication.

l 25 You also see throughout the balance-of this '

l-
I
!

[

!
I

-

i

k,*

. _ . . - ._- i 0 ' . _ . . . _ . _ . - _ . _ - . . , _ . _ _ . . . . - - - , _ . . _ . . ~ . - . - - . . - , . . , _ , , _ . - . . - . . , , . . - . , . _ , , _-
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WRBeb - 1- fcross-sectlon_which isla cut with anfabrasive. cutting

2 wheel, a grinding wheel, you see very-light indications

jaq 3 'throughout.- In fact,1you can even see . that - the light
i I
k'

L-4' indications are aligned or more severe in' arcs that run-from

5- .right towards from-right-towards lett orsleft towards right,

6 and that is basically the shape of the cut-off whael,' which

7 is aLcircular wheel;which is used to abrasively saw through

8- ~the cast iron.

9 -And the ' artifacts are slightly ' nore severe,
;

.10. slightly less severe, depending on the specific details of

11' the abrasive cut-off wheel, how hard the technician was

12 ' leaning on it, and things'like that.

13 As you can-see, the indications or the artifacts

(} 14 are relatively uniformly distributed, with certain

15 variations from the cut-off wheel. And there is no

16 indication, in my opinion, of any organization of such

17 artifacts in any particular location except as correlated to

18 the cut-off wheel arcs.

19 O Does that complete your answer, Dr. Rau?

20 A Yes, sir.

21 Q Dr. Anderson, do you agree or disagree with
'

22 Dr. Rau as to what the photograph and tests show, namely

23 that there is only a three-eighth of an inch crack, and that

24 any organization is related to the cutting tool?

j- 25 A (Witness Anderson) I disagree. The three-eighth

t'

I

_ _. * x- . - - - - _ . - . . _ - - - _ - .- - . . . . . ._, - . ~,_.
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ma
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# . WRBebl ~ 1: l' inch crack of L course is extremely deep ~ and has ; the; bleed --E;*

% 1 ' V2 !. g- that you 'see. ..There is cutting- too$ organization; there'

.

13 'is no \ question aboint} that'.s_ j ?q a. . -

.
3 ,.

: - s/ c y - j4- ; But - in - my ' observation - o f '' the'~ part there !was ':,,,

=5: superimposed: on that -another.~ organ'ization; and I'.think 'iti/i$ i
'' '

'

%' L . . . . ~ .

'

,

16- faintly' discernible'on this'. picture. 0
!

.l7.: :Q Dr.' Bush,.do you agree with Dr. Rau:that.the D,

:
'

; .8 liq'uld. penetrant 1 test and the : examination \of the piece do
.

9 not reveali any . cracks other. than' the three-eighthfof an.

10 | inch?- ''
, ,

~11 MR. DYNNER: . Objection. LThereLis no testimony-- :

12 JUDGE.BRENNER: Sustained..s

I

13 BY MR.~ELLIS: .

.

.']U
14 Q ~ Dr. Bush', do you concur with Dr. Rau's | opinion

~

15 that he.just expressed concerning what the photograph ;

16. depicts?

17 JUDGE BRENNER: Why-don't-you ask him the other

18 foundation question since, depending on the; answer, that
;

19 might be as interesting?

20 Do you understand why I sustained the objection?

21 MR. ELLIS: No, sir. t

_

22 JUDGE BRENNER: You-didn':t ask him whether or not-
>

23 he had actually examined anything.other than just looking at
t

24 this photograph.
,

25 BY MR. ELLIS: ..

!
i

1

= . . . - . . - = . - - - . . . - . . - _ _ . . - . _ . _ . - - - - - - - _ _ . - - - . _ _ _ . _ - _ . . - _ . _ _ - . . - _ - - - _ _ . - _ _ . _ - - .
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:WRBob1 L l' - *-L Q ( ,;Dr2iBush( have'you examinMd anything other thanF-

'~ ' _

>

- :o . . = , . .. .

4

, 1-2f ,!the photograph?'
~

, .

J
.

' '
> ,

f-;g , , , f3J 'Ai |Nov|and that would.have been part of my answer,
'

,

~k /: 4 '- (that'I: have :not. . :The-only thing I have.seen is:the-,

. . . .
o, , ,

,

"

|5 macrographi'in thisiinstance.: And in' order.to. draw.
.

,

. conclusii5ns about another type of structure I think it? would -6' ?
,

~ ' ~

(7? be necessary'to look at both the sample and;the.macrograph,-
t

'

,,

8-- :and I'have'not[done-that..
,

,

.

9- d ;You said~ earlier, Dr. Bush,- that in order to,
10 -decide'whether| cracks were-there you would like to have

f.11 .either'a'non-destructive examination or a metallographically;

12 . polished. sample..

13. Are you aware that there was'a liquid' penetrant

14 examia-tion of this aren?

15 A -Yes.

16 Q And have you had an opportunity to review that?.

17 A Yes. You are talking about the'macrograph now,

18 or are you talking about an. independent write-up that
19 discusses'it? I want to be sure-what you're asking me.

20 Q I was asking about the report on the liquid

21 penetrant results.

22 A Is this a part of the official record? That's

23 what I'm having difficulty with. I have a large mass of

24 paper, and included in it is e very large number of

25 examinations by non-destructive examination. And I must
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,

- 9070 0:L - 11~ 26690

L .WRBeb 1 conress I-cannot correlate one'versus the_other, so I

12- realli.can't answer the question 'in that context.

3 O' LThese were documents produced on. discovery, but. , .
1-,

# 4 I understind you don't recall it at this' time.

5- A- Not'in that context, no.

''
6 ,Q. Dr.- Rau, -do you have . any further comments with - ,

7 respect to the examination.of the~ photograph that you and

8- _Dr. Anderson have testified to that has been marked as

9 Exhibit B-64?

10 A' (Witness Rau) I don't believe I have any

11 additional comments on the photograph itself.

12 I would-just simply indicate that the visual

13 examination of the as-cut surface I have also examined with

(} 14 a magnifying glass and confirmed that.there are numerous

15 artifacts from the cut-off process and that those are in

16 fact what is revealed by the very light ind1 cations

17 throughout the liquid penetrant inspection shown on LILCO

18 Exhibit B-64 and that there were in fact no particular

19 organization or relationship of those to the existing

20 circumferential crack except to the extent that the cut-off

21 process and the damage done by the cut-off wheel.were in

22 that location as well as elsewhere.

23 JUDGE BRENNER: Dr. Rau, this photograph that we

(- 24 have as LILCo B-64 for identification, was this taken under
\_)}

25 any magnification?

.

e 1

_ . _ _ _ _ _ _ _ _ _ _ . _ _ _ _ _ _ _ _ . _ _ _ _ _ _ _ _ . _ _ _ _ _ _ _ . . _ _ _ _ _ _ _ _ _ _ _ _ . _ . _ _ _ _ _ _ _ .
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g GWRBob: 'i1- . WITNESS |RA : .Wellscnotivery'much, yourb
..

>

, .,

, , ;2 ;Honori aThe block top,1as jyou: knows !is;two1and ;a half ~;
'

y
. inches. ;If'I had a: ruler,/which I do,.- tor.a'lineriland-~3-

. ., . . . .. .

M( ,
.

)r
'

2

, V. . , 4: 'is:an5 inch andiaihalf.: -You can^doJoither.one. -ItElooka't

5 like :it is' a;little bit subsise, ? perhaps"75 porcenti of:the. '

.

- .6 full. size,magnificationr something like that.
t.:

'

;7 : JUDGE BRENNER: :Dr.< Bush, ILgot slightly confused.*

8 when'you amntioned the.macrograph, which'I inferred.isja

~9 photograph taken'under? magnification.

10 . WITNESS BUSH ..No, a..macrograph is one~that is +

11 essentially taken_at 1 X, in~other words very close to. ;
i

12 that. I would' classify.anything that either is slightly.

13 . below 1 X or up to perhaps 5. X. as / a' macrograph. And when-
a

14 they get up to 50 X and.beyond,'that's a micrograph.- 4

15 JUDGE BRENNER . So'you meant the same "

'

16 photograph--

17 WITNESS BUSH: Exactly, yes.
,

18 JUDGE BRENNER: Dr. Anderson,-did you see

19 anything significant that did not show~in the photograph'
.

20 when viewed under a magnifying glass?: j
'

~21 I should tell you, as you may have noticed, while i

i

#22 we were up here we did look at it with a magnifying glass.

23 WITNESS ANDERSON: Well, when you look at the '!
t

24 actual part, you are able to follow the structure, and at 60

25 X you can certainly look at organisation much latter than

i

r

!

!

i,

i.

.- =_ _ _ . . - . _ . - . .
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:
-WRBeb| =l~ | you ~ 'can There.'

,.

-2: JUDGE BRENNER:--And I= guess ~you have alreadyi

1 .3: : described what you'think you've seen. .;i.g
J ' 4 BY MR...ELLIS:1
+ .'

5 .Q- Dr. ! Anderson, 'are you' aware that- UT inspections
'

..

" 6. -of the 101. engine block: were' performed with respect to !-

7 circumferer.tial cracks?

8 A .(Witness Andserson) Of Which engine block?

9 Q,
'

101.-
,

10 1A: .Yes,~I believe I am. I

f. 11' O Land what did those inspections,- UT~ inspections ;1
:

l' 12 disclose' with respectito the 10l? .

:

13 A I don't'have them here.' I~would.have to refer to-
;

L(
14 them before.I could tell.you. I have looked at. a lot of.

'

I 15 documents in this case. j
i.

16 Q Dr. Rau, can you help on that, what the UT- }|

17 inspections of the circumferential area on the 101
|

| 18 disclosed?-

19 A (Witness Rau) Yes, sir. They disclosed
,

20 nothing. They disclosed no circumferential crack
,

i 21 indications.

; 22 And I would add that the ability of that
| ,

L 23 particular ultrasonic technique to detect circumferential

. 24 cracks if they were there was confirmed by evaluation of the

25 old 103, on Which there were destructive confirmations-of '

:

,

i*

.

.
,

.
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WR8eb' 1 fpresence of^the:circumferential crack. So'it was the same
,

~2 ; procedure'and'it-indicated no.circumferential' indications-in

3 :the 101,.and of' course did indicate-the circumferentialj.,

'd 4 indications-in the original 103.'

<

5 Q Dr. Anderson,1does ' that . refresh your recollection
a

6' on having reviewed the .UT examination of 1017 r

7 :A (Witness' Anderson) . No, it doesn't,oon the-

8 particular document that would.have specified that.

9 But I do recall .during the deposition. at Failure

10 Analysis in October that the person that does that'there
*

t

11 made a statement that if_the crack goes all the waycaround :_

12 it'would not be detectable. I don't hav,e the reference to
,

13 check that but there was some problem about its

14 detectability.

!15 I would like the ' reference to clear that up.

16 Q Dr. Rau, were you present at that deposition?

17 A (Witness Rau) Yes, sir.

18 O And was any such statement made that you recall?
P

19- A There was definitely no such statement made with
;

20 regard to ultrasonic inspection. We may have gotten into

21 the discussion of the ability of liquid penetrant or ;

22 magnetic particle to detect circumferential cracks. I don't

23 know whether we did or did not.

24 But certainly we have testified. in the hearing

25 here, Dr. Johnson in particular, that because of the sharp
'

,

i

$

. - __ _ _ - _-- - -___ - -_- __ --.
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WRBeb' 1 | corner there you can get and will get artifacts from

2 magnetic particle inspection. You get a perturbetion of the

3 magnetic field and you get a collection of the rust

4 particles there and get a false call.

5 And the liquid penetrant, you can-- Similarly,

6 because of collections of grit and grime in crevices, you

7 can also get a false - call with regard to that. In fact, I

8 believe that there were such indications from the surface

9 techniques in the original 101 which is one of the reasons

10 they went back and did the ultrasonic and confirmed that

11 there were in fact no crack indications in those locations,

12 that they were in fact surface artifacto.

13 Q Dr. Anderson, do you have any basis for

(~') 14 disagreeing with Dr. Rau's statement that UT is an accurate,
\_/

15 reliable way of detecting circumferential cracks?

16 A (Witness Anderson) I f I may, I will defer until

17 I can review that deposition and recall more clearly, and

18 then I will answer it at that time.

19 A (Witnesq Bush) May I comment on this item?

20 Q Yes.

21 A I suspect that the one discussion about the

22 360-degree crack was more relevant to eddy current than it

23 was to ultrasonic because of the end effect or the lack of 4

24 end offect.}
25 Unless you define the ultrasonic technique that

I
|
!

I
- ,

j

.
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WRBeb 1 you are using very carefully, you have a dead zone that goes

2 down below the depths of this apparent crack, and therefore,

3 you could continue to run ultrasonic forever and never
,

4 detect such a crack.

5 So you have to be very careful. When you say

6 " ultrasonic" you have to define the technique that you're

7 using. Otherwise it has no meaning whatsoever.

8 For deeper cracks, yes, and in the other

9 examinations we're discussing deeper cracks. Otherwise,

10 making a statement about ultrasonics has no real

11 significance.

12 Q Dr. Rau, would you tell us, please, again why

13 this ultrasonic -- the reliability of the ultrasonic was

(~} 14 verified by the examination?
t-

15 A (Witness Rau) Well, it was verified by the

16 examination.

17 Dr. Bush is completely correct, there can be and

18 are dead zones from ultrasonic procedures. In this

19 particular case the technique was done by interrogation from
20 the counterbore side of the cylinder and it was verified

21 that cracks substantially shallower than three-eighths could

22 be detected.

23 Dr. Johnson I think testified about the precise

(~} 24 depth, and I don't recall exactly what the lower limit of
( -

25 the dead zone was, but it was more like a sixteenth of an

_ ____ _
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- WRaeb' 1 inch or no more than.'a tenth of1an inch,Jas.I> recall'.
~

'

~
.-

But:certainly by the time ~you got to'anything1 '2
.

o .

3- .like the.three-eighths inch-deep which.was presentiin:the, * I
~

,.
,

44 L original 103, the' ultrasonic ~ procedure utilised,was' reliable'-

5 for- that detection and was ' demonstrated -by the detection .of ',

g> I : i
a

1

6 uuch indications' inithe original 103.3'
,

7- Q Dr.;Dush, ' does thatirespond to' your , comme.tt?.

|. 8 A ,(Witness-Bush). Unless'it.is precisely defined-
,,

'

9 geometrically I would still have theisame reservations..'I '

10 have seen too many instances of an-examination by using's

11 block with, say, either~a three millimeter hole, which'is a. ;-

12 fairly conventional one, or a notch, and then when you~ -

,

13 convert to the structure you establish.that it is free of ,

| () 14 defects.until you do a destructive examination.

| 15 I would reserve judgment, very definitely.
i

L '16 Q Dr. Rau? '

!

17 A (Witness Rau) Just to make sure we're clear, the :
t

18 evaluation was done on the' original 103 with the actual

| 19 circumferential cracks, and the indications were detected
f

20 and confirmed destructively. It wasn't a calibration blockt '

|
'

21 it was the actual 103 circumferential cracks.
|

22 Q Go ahead, Dr. Bush.

23 A (Witness Bush) I think we are talking, though,-

{} 24 of a dif ferent block now, are we not?

25 I was interpreting it in the sense of.what I
i

I

f

:
1

_ _ - _ _ _ . . _ _ . _ - - _ _ _ - _ - - - - _ _ . _ - _ _ _ _ _ - _ - - . _ _ _ - _ - _ - _ _ _ _ - . _ _ - . . _ _ -._.
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WRBeb 1 call'a_relatively shallow crack versus;the other one, and-

2 .perhaps'we're talking--

.3 . JUDGE BRENNER: You had it right, Dr. Bush.-s .
i

\~#' 4 BY MR. ' ELLIS:

5 Q Dr. Rau, then I guess I'm the one who'made

6 the....

7 Dr. Bush, did you understand that the ultrasonic
~

8 method that was used on the 101' block had been used with

9 respect to the original 103 block--

10 JUDGE BRENNER: Mr. Ellis, _ I think we'vefgot that

11 ~ already. - Let me try something.

12 Dr. Rau, are you saying that even very shallow

13 circumferential indications on the 103 block were

.~(} 14 disclosabic by the UT technique used there as confirmed by
15 destructive testing, or are you only.saying that the deeper

16 103 cracks were found and confirmed 7

17 WITNESS RAU: Judge Brenner, my own personal

18 recollection is that surely we confirmed it for the
1

19 three-eighths or the slightly less than three-eighths.

20 Dr. Johnson has indicated to me that in his,

21 opinion it was confirmed for shallower cracks, and

22 Dr. Wachob has a recollection, and I think he should tell it
<

23 directly, that in fact there was some location where the

24 circumferential crack on the original 103 was significantly
25 shallower than that, and that was also detected with the

|

- _ _ _ _ _ - - _ -. _ . _ - . . _ _
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:WRBob 1 ultrasonic'methdd.

2 I have.no' specific recollection of that.

3 'A- ('(WitnessWachob) I'believe.Dr. Johnson atione,s,
: )

1 ''' 4 time had made a comment that'they had indeed looked at

L5 : cracks . as shallow as a sixteenth . of an inch on edges and

6 made the determination.

.

7 MR. ELLIS: Judge-Brenner, I'am going to leave

8 this particular1 point-- We ll ', let meL ask one' more question.

9 BY MR..ELLIS:

10 Q Dr. Anderson, in light of the evidence, would you

11 agree that the assumption made by FaAA of a 360-degree -

12 circumferential crack is not one that is' dictated by the I

. 13 evidence but one that is conservative?--

. () 14 A (WitnessL Anderson) I don't have that in.
,

15 context. I don't know what you're referring.to. What
.

16 assumption?
1

17 0 You' realize that one the analysis that FaAA did,

18 they assumed that there were 360-degree circumferential

19 cracks in the 101 and the 102 blocks. Are you familiar with '

20 that?

21 A Yes. Okay.

22 O And would you agree that that is a conservative

23 assumption?

24 A I don't believe I have a basis to agree or
a

25 disagree. I just haven't examined whether that is an
,

I

i

___.____..____..__m.m___.__._____._________.__.____.___________..m._ _ _ . _ _ . _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ . _ _ _ . _ . _ _
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-WRBeb' 1= important' parameter and'its magnitude on the effect.-
1

,

2' MR. ELLIS _ I;am going to switch'to another. topic-

. a t-

_ 3 now,2 Judge Brenner.
*

,y
1

4' BY.MR.'ELLIS:

5 -Q Dr. ' Anderson, 'look if you would, please, at page

~

6- 1 of your rebuttal; testimony. -

7: Question Number _2 asks whether residual stresses

8 ' create tensile forces in .the block- top in cam gallery areas

9' of the cylinder blocks. And your response is Yes, followe'd

10 by an explanation.

11 _Have you done any analysis to enable you to reach > ;

12 a conclusion that there-are residual tensile stresses in the

13 block top?
"

14 A (Witness Anderson) No. That was my

15 recommendation, that it should be examined' empirically to ;

16 see if there were residual stresses, because of the. manner

17 in which fabrication occurs, because apparently nobody-

18 really knows what is in there. So it was my recommendation

19 for testing.

20 Q Are you familiar with any analysis that FaAA has-

21 done to consider whether there are residual stresses in the I
~

22 block top? .

'

23 A I have seen some what I would call draft ;

24 analysis, yes. I haven't seen a finished report by FaAA.

25 Q Well, do you know how FaAA took residual.

:

.

L

_ _ -. - __- - _ __-__ - - _ - - _ _ - _ - - ___ _ - ___ - - _ _ -
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! stresses in'the.b1hek[ top into account?; .

.'
i T ''

'

IWRBob - 1-

n; :2 - A II? haven't reviewedLthat.-LI'can go back andclook{~

g .

atiltiandianswer that. -I mean"I< haven't' reviewed'itein'the
~7''

~J L3. L
'

kA '4 momenth
;. ,

,. .

! ' '
' :5 : . Q Dr.' Rau, did FaAA !take those - stresses, ini the ^ i-4 4

: g; .6 jblock-top.into accountCiniitsjanalyses'?L "

_
,

, . A .(Witness: Rau) .Yes, | Mr'. Ellis. ' The nature Lof' thep y;;
- .7-- 4

'

t o . .
. ..

:, ,

'i8 , analyses we did to assess |the; possible ' consequences tof block .g
y 1 ,

. - -

.

h 91 top cracks,.because they were ralated to'and based upon the
'

+

|

.

z

'

L .10 demonstrated performance'of-the original:103,1woul'd'inEfact-~
|

11' take'into account-any: residual stresses |in the: block' top'if<
,

'

|
12 in fact any were there. -

- 13 However, I don't want the record to be confused.

| 14 I certainly have not performed, and I am:not aware that FaAA

15 performed any explicit calculations, draft or.otherwise,- 1

16 with regard to residual.st'resses on the block top.

17 It is my opinion that, given the| geometry, the r

18 relatively flat area, and the fact that there is material
a

'19 machined off the block top after the casting and.before the,

i ;

| 20 -- you know, to make the finished block shape, that there is. -;
, . . -

21 no reason to have very large, if any, residual stresses in I

'

I
22 that region. And I never saw a reason to even attempt any r,

,

| ?

23 residual stress calculations.
;

-

24 Q Dr. Anderson, do you have a comment that you want.

25 to make, or do you have anything else to say on this i,.

! -

!

! !
; i,

|

t;-

L :
: ;,

.
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WRBeb 1 But I don't know any other way to handle it.

-2 A (Witness Anderson) Well, I'm not sure-the effect

3 -of machining off the surface eliminates-residual stresses.c,

. +
' 4- I have not seen that.

5 I think my comment stands, that there -should be

6 some analysis to determine what they are.

7 O Dr. Bush, did you have any comment in this area?

8 A (Witness Bush) One, I am unaware of any what I'

9 would call definitive analysis of residual stresses in

10 either the cam gallery or the block top. It is

11 inferential.
,

12 Two, I guess I can't get very worried about the

13 top surface in the first place, if they machined as much as

/~T 14 I understand they machined. And admittedly this is by
V

15 inference only because I don't have a specific dimension. I

16 would anticipate what limited residual stress would

17 disappear.

18 The cam gallery is another matter entirely. I

19 would anticipate that you have the possibility at least of

20 substantial residual stresses there because of the geometric
21 configuration and the change in dimension.

22 But I don't think we have any idea what the level

23 of residual stress is, so about the only thing you could

(~} 24 assume conservatively is that there is something below the
x_.-

25 ultimate or if you want to define it, that there's a yield



_ _ - _ _ . . . - - .

'$ 2

*
. _ . . . . a- <

M

T

-:9070 02'11, -26702.

--WRBeb l' Lin such material.:.if they're there.
'

.2 But ' I don' t. know ' any other '.way - to handle it.

..
3 Q But I take'it,.Dr.' Bush, you don't consider-

~

.

4 : residual stresses to be a cause for concern in the block
,

~5 top?- .

~6 ,'A .Not~in the block top; that's' correct.

'7 MR. ELLIS: Judge Brenner, I am going to' move toi

8 another subject.-

9

10

11

12

13 -'

14

15

16

17

18

19

20

21

22

23

O ''

25
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J Y MR..ELLIS:
! . n.

' -

1;WRBwrb: B
_

Dr. Anderson,lturn to'the-statementithat you' read'' ;2'
~

iQ4

3,
.

E3 'into the record oniNovember-1,~-I-believe''it.was. Do you=em

N 4~ .have'that? The transcript |page n' umber ---

5 A-- .(Witness f Anderson) ' Is it titled ? "Concerning the'- '

6; . Surface L Appearance . of fCam Gallery Cracks?"

27 .Q My-particularicopy.is not. .Let me.give you'.a'<

~

8' . transcript page reference.

9- JUDGE BRENNER: -That's.it,cDr.' Anderson,,but I-

10 want to work from the' transcript and not from theityped

11 version,' just in case.
.-

12 :Off the record.

13 (Discussion off the record.)

{} 14 JUDGE,BRENNER: On the' record.

15 BY MR. ELLIS:

16 Q lit begins, Dr. Anderson, at 25,578, and I want to.

17 refer specifically to the testimony of yours that begins at-

18 page 25,579 concerning FaAA's calculation on oxidation. '

19 Do you~have that?

20 A (Witness Anderson) I just have what I read.in, I'

21 don't have the testimony.

22 JUDGE BRENNER: Point him to the particular-
)

23 paragraph and some of us will see whether there is a major !

!

24 difference.

25 MR. ELLIS: Yes, sir.

l

|

L

i
:

_
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Y WRBwrb l- .BY'MR. ELLIS:

( 2 Q : It' is the : paragraph, Dr. Anderson, that begins L "I,

. _

<7 q _
3- have. examined the FaAA calculation...."

.i .

4 A' -(Witness Anderson) I have that.
'~'

b 5 0 'All right, sir.'

6 You state in that paragraph:-

7 "This model assumes that oxygen

8 diffuses through the oxide film and reacts with

9 the surface of iron. "

10 A- .Yes, it is a parabolic rate law.

11 0 What basis do you'have for stating that the

. 12 oxygen diffuser through the oxide film and reacts with the

13 surface of the iron?

) 14 A What basis?-

15 O Yes.

16 A Well the formation of the equation that was used

17 is such that it provides a relationship between the

18 thickness and the square root of the time, and that is

19 referred to as the parabolic rate law. And the basis for

20 the parabolic rate law is a diffusion through the oxide.

21- There are several-rate laws that apply,_ There is

22 a logarithmic, there is a linear, there is a number that can

23 be chosen, and this is a common example of a rate law. But

f{} 24 it is not the appropriate one in this case.

25 O Dr. Rau or Dr. Wachob, do you agree that oxygen

- _ . |
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LWRBwrb ;li Idiffuses - that:the model assumes that oxygen-diffuses

~2 through 'the oxide film and reacts with the surface of iron? :

3- A (Witness Wachob) ~No,-sir.-q -

l I
'#- 4 O ~ Will you explain why - you do not agree?

5' -A- .The literature from 200 degrees C through 600
~

6' degrees C or so definitely shows that irondis'the-diffusing.

7 species through-the oxide 11ayer.

-8 O :Dr. Bush, do you agree with Dr.-Wachob?-

9 A (Witness Bush); Not.necessarily.~ 'I think-it

10 . depends on the tenacity of 'the film and the continuity of

11 the film as-to whether you can make that statement.- .Now if

12 you are: assuming idealized conditions, that may be something

13 ;else.again.

j} 14 0 What were you assuming, Dr. Wachob?

15 A (Witness Wachob) The studies that have been-done
-

16 have" assumed -- or have been involved in mak'ing measurements

17 that were involved in having a uniform oxide thickness and

18 in the growth of that oxide layer from those specimens.

19 Q Dr. Anderson, do you have anything you wanted to
.

20 add to this subject?

21 A (Witness Anderson) Yes, I am aware of the study,

22 and that is the correct interpretation, that there is a

23 back-diffusion of metal atoms into the structures there's
24 no question about it. However the model, the model that is

25 used is based upon a one-way diffusion. And I'm not

.
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~ ;WRBwrb} 11'::' :characteriking~the othergwork$that haslbeen/ don'. *e.

_,

'
'

.
_

:# 21 -Moreover, in|the-analysialthatlwas:done,ithis;-*

c -
'

'

w . . :: - . .

~

.

% v ^ 'j 3 ihigh-temperature. oxide was.: extrapolated to|.a'conditlen"to. ,

; ; s - n
, '

1 :4 rwhich'youicannot' extrapolate. I 's |a. basic 11aw of kinetics -"

; ,

,

.

' thatlyou canno.t extrapolate beyond.wh'at you.'h' ave determined :3i ?
~

5

' >' - : 6) the me$hanismaisioperatingLat. .JAt other temperatiures; M
'

, -

7 there's 'other mechanisms ' operating.; 1And that is a J very-

'
-

,

8: ~ serious iviolation L of kinetics : to ldo ''so. -
f

isLwhat you.'ve dust;said, what-you"L9 .~ Q :Dr. Anderson,.a
. .

10'. read intio the record, ~"the basic law -of kinetic s has ' been

fil _ violated":by;extrapolatin'g the;model to temperature where-'

,

: 12 other mechanisms =were.in-control?-' ;
' ''

>

13 A .That is~ correct.- And that is .one of the basic
'

- 14 laws that;every student' learns early, not to1 extrapolate.-

;- 15 beyond the area which they can' definitively determine'the
~

; 16 mechanism.
I: ;

,
~

17 Q What.other mechanisms did you conclude might be in -
;

i ,

18 control?
!

19 A- Did I conclude? I did not do the. analysis. Ij

I 20 looked at the analysis and found that it was faulty. I ;

1
^

j 21. looked in the reference that.was proviced, and the.more
;

j 22 current edition has omitted the equation.that was used by
L ;

i 23 Failure-Analysis.
'

4 ,

| 24 The mechanism uses a very high purity iron at'an
,

; 25 ~ elevated temperature. It was apparently empirically
:

h -derived.
''

!..;

1, *
4 ,

f

,

.

--..N.._-. a_n'-- ----_<a
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^ ~ JWRBUrb5 /l: ' derived.: iTolextendLit to'other.:temperaturea is
i: ,

- .. ,
-

- |2 inappropriate completely.

3. '

-Q ' Dr. Rau ;or: Dr. Wachob,m.do you : agree :that' thef basic- - g< -

, . c4| law of kinntics !has - been : violated :by1 extrapolating _the ':model- 4

.

.5' .to1temperatureLwhere other mechanisms;.arefin control,-asi
,

6' istated by;Dr. And$rson?4

<7.
, .

.A^ (Witness Wachob) . The ~ growth of the : oxides thatJ; ;

-8' ;we ' re discussing 4 fall | Lint!o ' the : range- primarily| of '-
'

9.: < magnetit'e. They do have. oxides as high as 600 degrees;C.,.'
.

,
.

~

~
~

10' . and they do' go down' as " low ' as T 2 ' or13 - hundred ' degrees - C.;;

; 11 There:are problems in; extrapolating-over that region,.

'
12 however, : the ' activation energies -fore that process are: only

13- .slightly changed, and-the. oxide thickness arefonly changed1

'

. 14 by ' factors of 10 - or 20.~

15 .So that over the range that we're' talking about,-

,

; 16 the' applicatilon of that . data is quite appropriate.
17 In addition, we' re not; dealing with just one

' 18 isolated piece of research in the lit'erature, there are *>
~

19 several other. substantiating articles,'and technical as well-
,

20' as experimental verifications of that.:
'

21 A (Witness Rau)- I ' d like td add . one . thing.'_
,

Ithink;it'syeryimportanttkhealizethatthes22
,

b.
,

23 physical -evid6nce> that -is,. toe coloration of the oxide,

'

,y| indication ~ as.I,

. 24~ indicated magnetite. There's, absolutely o~ ,

25 . indicated yesterday, of any'of the|rbst color 3you'd expect-
$ ),. "

s
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WRBwrb l'. ;if, in fact, the low temperature form 'of oxidation
~

.

2; interrupted 1the' mechanism..

3-ju;.. .Dr. - AndersonL-is (quite correct,' .2 it's not'
=(') '

|4 ' appropriate,'if:another. mechanism becomes operative'that.

5 - causes the~oxidationtto. occur in a~different way, to
-

6 extrapolate.

7 But, in point of fact, the physical evidence is

8: quite convincing. There is none of the low-temperature

9 rust, what'there is on the' casting shrinkage crack.is a.

10 uniform,Etenacious dark. oxide, magnetite. And the analysis

-11 and the extrapolation is completely appropriate forithe
~

12 formation of magnetite. Now, whether~or'not it' forms very

13 significantly at low temperatures comes directly out of the

;( 14 calculation. And, as we indicated in our. testimony, for all-

15 intents and purposes there's no significant formation of'

16 that darkLoxide at low temperatures, it drops off to almost

17 nothing. But, in point of fact, the-model is completely

18 appropriate.-

19 I also think it's-- Dr. Anderson suggested that

20 the model is only appropriate for high purity iron. That's

21 definitely not the case, either. And I would ask Dr. Wachob

22 to discuss that point further.

23 A (Witness Wachob) There have been, in addition,

[ .

24 several studies which involve a variety of steels, but, in

25 addition, there have been studies in cast iron. And the

_=
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A' 'f.WRBwrb- |l? " castTirort ' study ~ alsoi shows (that[ aiparabolicioxidationi ratel.

1
. s _

- -

'%- -t '

!2 : -occursiafter the ?inidialifew: minutes 'of;;oxi$ation! and).that!.

- a
'

.
_

.,

$: |3' jallithe ' princip'lesithit :we' re ' applying- .' AndE again,9the t

6

fi. ^4 calculat' ions; areEestimates ;of:the' thickness 1to 'give Lusf a >
~ n.

.. . . . , , .. .. . ,
-

.

a z
..

ballparkY estimate o'f h' owc thick : that .' oxide lis.: -IIn both cases:N -
' |5' 4

[6. we. find that|the numb 4rs are-in reasonably good. agreement.;
'

2:
'

_7 Sb I-. don' ti see' a' problem 'with different"mateEials,'- ~
-

8 high purity | irons ( -we $ re ' dealin_g with the t ox'ida'tionloffiron"
'

-9 -in i this . inst'a'nce i ..and ~ that 's what - we ' ve' observ'ed, < as wellL as:
~

-

,' (10- using analytical ~and experimental results'that arel-in theN

. peer revie'iliterature.- ;il1%' w

May I: jump in here $ minute?:12 A' . (Witness Anderson) E

13 0 1Yes,,by.all meansi

14 A" . First of . all; . there . a mention . of activation ~~
'

-

.-

15 energy. .It changes-dramatically,-as well.as does-the

16 frequency factor,-when you go"from'thelpure' iron that the

17 . equation was based on to a~ carbon system,-tremendous
'

18 changes.-- And therefore, the extrapclation'which was before

19 ~ not' allowed becomes even rougher.~

20 Second, the parabolic rate law has never' bean.

21 applied to a crack in the literature. And if Failure

22- Analysis has a' pie'ce of literature they can-show me where-,
.

-23 they have ever seen a parabolic rate law in a crack, I'd

24 love to see it. I 'm not aware of. it; and I'm very, very

25- 'well versed on that literature.

,

t

e

d
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.WRBwrbJ 11 LQ - LDr. Anderson,fwhat'isfyour basis!.for your-

-

E2 -statemen't :th'at the activation ' energy 'ch'anges Ldramatically?4

. . ,5
- i3 A' ' And frequency factor. . I f lyou . look:;at .'the : data .-

: ( :

'4 i -that'is available-wheru-you're go'ing'-to use an Arrhenius

_
5: approach, and they;give you the: frequency ~ factor-and an

6- ' activation energy so that you can get the rate constantratc

-7 .different temperatures', you will.see that theyJare-'a

8 function of _ composition, ~and .those functions of compositions

9; , change them?significantly.;

10 0 Well, are you referring to a specific article or

11 book?'

12 A I'm referring to the' general literature.- I can

13- certainlyL find a reference for. you. -

(J 14 Q Dr. Rau and Dr. Wachob,1 do you agree with

15 Dr. Anderson in this respect?

16 .1L (Witness Wachob) Will you repeat the question?

17 I'm sorry.

18 Q ~Yes. My question was whether you agreed with

19 Dr. Anderson on the issue of activation energy and frequency

20 . changing dramatically?

21 -A The activation energies do change.- But as I said

22. before, the . final outcome of that oxidation rate is not

23 significantly changed. It is changed, but, again, we're

{
' 24 dealing with very thin oxides being produced near room

25 temperature and very thick oxides being produced in the

m
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WRBwrb: 1 temperature? range fof 1000 ' degrees F.
'

2' In addition, there are statements in the
,

7, 3- literature =that'the oxidation rateLof iron itself does not
$,

- 4 seem to be' influenced byicarbon' level. So I feel-that,

5. againi what~we have:done, and what we're'using as our basis
~

6- to show that at low temperatures you get very thin oxides

"

7 and at high temperatures you.get thicker. oxides, I think is-

8 . consistent.

9 Q- Dr. Rau or Dr. Wachob, do you agree, then,' with-

10- Dr. Anderson'sLstatement1that appears on'page 25,579 that

11 -the FaAA' analysis is completely contrary'to empirical.
f

12 evidence that cast. irons readily~ corrode at low temperature:

13' by either a graphitization or fretting corrosion mechanism?

( 14 A (Witness Rau) I strongly' disagree with that-

i
15 statement, Mr. Ellis.

16 There's no such evidence that in air, and

17 certainly'inLlubricating oil,-that cast irons readily.'

18 corrode. There's no ~such evidence that it occurs by

19 graphitization in lube oils or at low temperatures,,'and

'20 there's no such evidence that it occurs quickly or rapidly.

21 There's also no physical evidence whatsoever that

22 the reddish rust colored oxide which would form if in fact

.23 we'had low-temperature oxidation is, in fact, present on the.

24 cam gallery cracks.

25 And there's absolutely no basis for reaching that

! 1
..

|

'

,
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?WRBwrbi ;l\,? conclusion,'in1myopinion. -

'

V $2 H ~, Q } My.' question, .though"- "you.may.have| answered it ---
'

3 ~. is:- Do~you ag'reeGthat thelFailure Andlysis.'analysisfisi
'

~

'

,
,

|4 .' contrary _tojempirical. evidence?/~^ <
r

5' A No',. sir.
-

~

?-6 : Q= And.youribasis1for'that;is.what you'just stated a'--

' ~:7- -moment ago?. -

8 .A ;Yes, Mr.'.Ellis. You have'to7 compare apples-and:

9 apples. ' If. you put ' cast . . iron ' in an; acidic - soil? environment -

10 it will corrode. Whether it. corrodes rapidly is a matter of- .

11 ~ -how you define " rapidly." .But.in lubEicating oil:or in dry

12 air there's no' evidence'that cast iron corrodes rapidly;~in'
.

13 fact, the evidence.is quite to the contrary, that:it has
~

-

. -

14 higher corrosion resistance than steels and irons because of
,

15 'the add'itional chemical constituents,~the silicon and'the:~

16 chromium,'in the cast irons. There's no basis. The

17 analysis is clearly appropriate.

18 O And I think you said that-in a lubricating _ oil

19 environment there's no evidence. Suppose that. lubricating'

20 oil had water in it, would that' change your view? .)
|'21 A You'd have to be-more specific, Mr. Ellis. It' i

22' depends on how much water.

23 O Well, let's take the case at ha'nd where we have -

24 lubricating oil in .the Shoreham diesel generators and you
25 have cam gallery cracks.

L

J
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~ WRBwrb'' ~1'" .Ac Okay. -In 'the case ~ of;the original 103 in which' -

._
. . .

" 2 the cam gallery.indi' cations have been examined thoroughly,

~

jag =31 that engine was run: with Mobil Delvac 1240, . .a' .40-weight -

d" )- ~

4 diesel-rated -lube- oil with : anti-oxidant's, antacids. ' And2
.

,

".5- . LILCO,11n particular, - has ' a; specification .not . to use' thatL
.

'6 . oil with-any more than .'05; percent water.- -

7 At those levels 1of.'' water my ' statement would . hold, -

8 . I would not : expect any significant . oxidation of cast iron .

~

I9 under those-conditions.- And,;in' fact, there are examples.

10 of iron and steel components,= unpainted, in the cam gallery

:11 region which. indicate' negligible' amounts -- bright, shiny
.

12 metal -- negligible amounts of corrosion.
~

13

-14

15 .

16'

'17

18

19
,

20

21

22
.

'23
,

O ''

25 ,

,-

, E -mm,e 4, --w-- a w,',,,me-w. . . *. r. e-w g-rr,,,,, .,-,,---,,-rw vmm4 wg* , , - - v~m,-m,- ,,p-,,, ,ng-,-w---. vg e - mvv-
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-1- 'O; Well,1 Dr. Rau, 'would ._'four s tof nine . gallons (blow-by' WRBbrb' : .

r2. por hour' cause _ more water in the oil _ than- 0. 5 percent?

-~3- A No,1'it would-not, Mr. Ellis.' In fact, there:isjg
ij

~

'4- _ blow--by in' the : cylinderf._ rings, -which' does : produce, , from theN
~

'51 combustion process,: water which gets'down into the crank'
~

6 - and, - 'in fact, some of twhich gets into the_ oil. But'due toI

'7 the -. temperature 'of the oil, .the r vast majority of those four

8 to nine gallons per hour of moisture don't stay in the oil.

9 And, ih fact, . you know, fif f the ' engine is . running .
_

_
10 continuously you're_ going to have'24 times that. number.

,

11 'You' re going to be putting in.100 ~or 200 gallons of water a.

12 day'into the oil environment. And, .. basically, it'doesn't'

13 stay there; it boils away,'and the oils don't.developfany

;() 14 more than -0. 5 percent . water: in -the oil.

15- O Dr. Anderson,: did you want to comment'on

16 Dr. Rau's testimony?

17 A (Witness Anderson) The calc'ulation that was done

18 previously at higher temperature does not apply to a low-

19 temperature system; it's a different mechanism. -

20 Now, the susceptibility of cast iron at low

21 temperature: Failure Analysis continues to draw an

22 environment that's not a crack environment. We're talking

23 about what happened in the crack. The simple expedient iso

{) 24 to analyze appropriately,-inexpensively and rapidly the

'25 material on the surface and determine how it was formed,
t

!

.

I --

I

' i
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.:WRBbrbit , ils iThe crac'k'environmentiisJnot thejlarge: areas'that?are:being:.
-

.

'

. i22 ; bathed Ein j oil b sin a crack Jenviro'nment, } your.; antii--oxidants" _ ;

p- - 73, Lcan act| differently,fbecause we''re$1ooking atian-oxygen 1~

..

' '

45 . 'defihient ; area.' JIn_ a crack : environmeni.i ' everi corrosion
~

.
-

. - . . . .

.

.

j

.

5 'inhibiters L ea'n i a~ct ' against i you. ,

!6 So we've:got=to-consider'-- weidon't want to hear
~

1 -

.7" an ; explanation abo'ut the . general- basis 'of. oil:on : flat 1 ' -

8 su'rfaces; 'we want to hear it abouti what's inD the crack. ;And

9 . the best, dand J only, way. that I know of is an ana14 e 8 s of! the1

10: . material'on the surface'.'

11 Q Dr. Rad? '
'

12 A. (Witness Rau)..'I> don't know whether_we've been!l

13 .through this sufficiently or not, but yesterdaylI;think we I
,

i 14 stated quite clearly that the weld shrinkage : crack is ai

'

15 crack. It's connected to, it's immediately adjacent to the .
i

. ,

16 casting shrinkage crack.. It's in the camigallery.. ;It's- '

17 exposed to whatever environment the casting crack-was

18 exposed to. It does not have a thick' dark oxide.
.

19 And you can't have it both ways.- There is no-

20 evidence that that crack environment is any: different than.

21 the environment immediately at the surface in this .

22 lubricating oil.

23' .The fact that it's an oxygen-depleted-region at-
.

'

,

24' the tip of a crack is a true statement, as a-general ;

25~ statement. But,. in point of fact, the entire cam gallery.,

..

i

!-

Y
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WRBbrb /1- area'' is. an oxygen-depleted L area because cf the presence of
'

~ '
- 2.~ lubricating oil. -The. surfaces;themselves are. maintained

= ( -. .).
.- 3- oxygen-low,.and'.that''s;why it=doesn't oxidize. And,'quite

N' 4; frrnkly,'.there,'s'no| physical evidence for things being
~ ,

- 5 different.in.that crack,:in that. cam' gallery, in'that-

6: lubricating oil..

. 7 01 Dr. Anderson, I want to'give you the last --
~

' 8. ' JUDGE BRENNER: -Could I jump in for a second,;

9 Doctor?:

10. Doctor Rau, . you did say that yesterday, and' I

' ll' heaEd you, and I-think'you've said it other times over these
12 many' days.- But does that statement necessarily assume that-

13 what you've called the weld shrinkage crack'is'just.that, as

([ 14 . opposed to a later induced operational. crack?

15 WITNESS RAU: No, Judge.Brenner, it doesn't.,

,

1 16 I think I also said this yesterday, but maybe I
,

i
17 didn't. There's only two options: either it was a weld

,

18 shrinkage crack, and it was there, and it was exposed to the
i

19 oil environment just.like the casting shrinkage crack, or it

20 formed later, as you-juct postulated. ,

i 21 If it formed later, then the casting shrinkage

22 crack was not exposed to the surface. It was not exposed to;

23 anything. So it cannot oxidize in service; it is not in

|{) 24 contact with the environment.

25 So either way you want to postulate it, the
t

A

I
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'

IWRBbNb li~ conclus'ionicomesf.out the.same:' that t!he ocastirig| crack was.

s,-1 - {2 oxidized dudin'g theifabricatiod: process. There areanoiotherL4
~

,

,

"'
- 3 1 options.

L% :' 4- BY-MR.-ELLIS:

T[ -Q 'Dr. '. Anderson,' I want [to give you .the 'last=-5 -

6I . opportunity, if- you havej anything to ' add. : -You may not have'
.

i 7- '.anythin'gf.to| add,. b'utjI.do want;you:to havel the last!
_ ,

.

38 --opportunity. '

9E _A (Witness: Anderson). I can' t - think - of anything at
' ~

10' -the moment.~
,

: Q' ' My 1.ast' questiion to -you, ; Dr. IAnderson,' is:' : I L11 >

.

.P

_ 12 know you'have given:a substantial amount'o'f. testimony.-
- 13 yesterday and. today,- and I. know you-'have considered iti; and'

14' I assume that --
~

15 JUDGE BRENNER: Mr. Ellis,LI'm sorry to -

16 interrupt. I have been too slow on'this one.by about ten

17 minutes.- "

.

18 Did you purposely not invite-Dr. Bush to comment
,

'19 on your questions..regarding Dr. Anderson's testimony-on the

20 parabolic rate model of oxidation and extrapolation

21 questions?

22 :MR.'ELLIS: I guess I''just figured we had covered

23 the subject enough. If I has a comment, I'd be delighted to

- 24 have it.

25 JUDGE BRENNER: ' I: don't know. I don't reca11 |
t

i

, -

L
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- W7!WRBbrb['31 1Dr.IBushi.everbsa[ing[anythingon)thattsubject,_even'duringL
-

'

,-

'i '
'

,

:2 ?
. . . . - r ,c.. _.. . . . .

_

.

;hisJinitialL; testimony.e .
,

,

-
.. -

. . . ..
..

. ..

i. - -3- . Do - you. . know what; I 'm talking 'about? '; -;j 1 -

,
,

~

4) -WITNESS-BUSH l Ye s . ---
-

- . 7.
,

5_
'

-Veryfbriefly,;fI-(did' touch'ondit with regard.to
~ ~

-

.. _
'6~-- 'the other' factors';that Niigh b affect it. My,personalE

- 7} . opinion,~ as1I!t$tink(I?havelexpressed, is;that:I;believe that: f
'

- 8f iltLis~predominantly,a high temperature mechanism. -

-c
9 I-disagree with a":few st'tementsxI h' ave-heard.a'

'*

10: Cast: iron is'not.necessarily;better thanisteel. In a fact, Eif"
~

,

lli one looks' at the British : Journal . of Corro'sion ' -- not
i

i
'

12' journal, but book on corrosion authored by,EI believe,

13- Shite, you'llifind that,.~in fact, a"whole ~ series of' data --'
.

;

_' 14 Shreir, S-h-r-e-i-r -- that would ' indicate that: the- room
-

15 Ltemperaturesmechanism -- I-dismiss this because.I don't '

16 think that: room temperature;is!a controlling: factor, ba'sedL ,

17 on an analysis of all_of the different parameters.r"But,' '

:

L18 just for1the record,1 cast iron . as such .is not ne'cessarily '

19 -that much better in atmospheric environments; -that's rural |

20 environments or urban' environments or marine environments,
,

21 things of that nature. f

22- -JUDGE BRENNER . All right..

23 What'I really wanted your comment on, if you want
;

_24 to offer one, ist do you have Dr. Anderson's testimony, |

25 either in-a transcript or in that excerpt that was handed
~

I

,

.

,

_
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[/WRBbrb) 1 : out?( . ' '
" !

~

- y. .

"2l _ IhlTNESS BUSH: - Yes,[ILdo.'
' '

' Th' paragraph that begins' : "I. .[y | 3 :- JUDGE'BRENNER :
'

~ 4 e ,

lj' '
L4 have'examinedithe FaAA caledla' tion..." whichiMr.,Ellis' asked?

f
.t

, - '5 < everybody but you about. |.

'6 WITNESS BUSH:.- I-have: problems. There are too--

.

' '

'7 many statements:that~aren't_ tied to;something.- If one'does

8 not'underctan'd!whichEway one'is. extrapolating, and what-
' ~

19' modelsL or ' mechanisms - are supposedly | different --: I . can' t
~

- 10
_

answer the. question intelligently because I don't have a; o
'

a
11. base,~ ~ an' inferential- base. to work . fromi so I guesslI '.can' t

12 answer that' question. I

13 . JUDGE BRENNER: . Do you have~ an opinion of what

14 Dr. Wachob caid with - respect to the - fact _,.that given ' the , type ',

15 of precision he . felt- he needed, which in ~ his view wa~s not
,

1
16 very precisei to estimate the dimensions of'the coating and

17 the' range of temperatures that he talked about,.whether his

18 "use of the model is totally inappropriate, as stated by Dr. .;.

19 Anderson?
;

20 WITNESS BUSH: I wouldn't say " totally;
,

21 inappropriate". I can raise questions, because continuity _;

~ 22 of film is a critical factor. But I would say, by.and large - t

. 23 -- as I think I mentioned yesterday -- that I would strongly-
;

24 suspect that we would see what I would call a composition

25 .and crystallographic gradient from surface of film 'towards f
i

!

? L

1

v

I'
.

'
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.|YWRBbib l- cmetal,fwhichjInthink1is generally in4generallagreement?with L
, ,

,

- -2' :Dr."Wachob's statement. '

-

' a
L..; e _

' [4 3I iJUDGE BRENNERN "I 'm sorry| :Mr Ellis. (That'was a':, .
.-

9 , ;
,

14' .little awkward because.I'was:too slow;'and'one' reason I|did""

s .

.~
. . . . . .

. .
.

'
25. it, though, is to1 remind;theLparties -- because I.wasn't1.

i
J6 ;very vigilant there . myself -- that it's easierL to- try 'to 'get~<

'i,

' .7 it all.at the samei. time when'we~can, which you've been:doing'-

1
~

8 very well'. I.'m not criticizing your I'm crificizing myself' ,
_

'9- ,for being so-slow. . i

~ 10' MR.' ELLIS: =Thank you, Judge. I.'m.sorry I
_

overlooked it in that' instance.'11-
~ '

.. ,

12 BY MR. ELLIS:

13 Q Did you have anything further,:or~can we. leave
.

14 this, Dr. Rau?

j- 15 A (Witness Rau) I just wanted to add.one quick

.

16 statement.-

j
i

f 17 All of the discussion about the oxidation models
j-
'l

|
18 is appropriate, but I'think we should keep in mind what the

:-

)> 19 purpose and intent of that- model was.
;

i'-
! 20 The intent was to get a qualitative feel for the .
i ,

| 21 temperature at which the oxidation of the casting crack may
a t

; 22 -have occurredt and it was designed to deal with the higher i

i !

j. 23 temperature regimes and cooling down through -- things ;
3

' - 24 stopped happening, you know, at temperatures like 500

| 25 degrees and 400, and the extrapolation down to room
'

i i
i'

,.
.

..
-

t i
t-

.

p
'

-

_____m.__ _
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WRBbrb El 1 temperature'was just, to ! indica ~te! that -- not' much . should = be'-

-

,

2 ? drawn from that. kind of: extrapolation:Jthat'wasn't the main-

3 point of thelcalculation'.;7,q .

V'
- 4 The|only.other-point.1I would add is with regard

,

,

to Dr.. Bush's comment,:and|I, don't really[ disagree'with what5 i

J6 .he.'s saying, except that_there are definitive, references in-

7- the Iron' Castings Handbook which clearly show that,-in

.8 atmospheric corrosion, .that the cast irons, the gray irons,_
_

'9 are . significantly more' corrosion re'sistant than Ntild : steels, :

10 and of the; same order :as ;1ow : alloy steels.

11 .I think'Dr. Bush would_ agree.with that.1 I.mean,
.

12: I'm.not disagreeing,-really.
t

=13 O Two more.
,

14 Dr. Anderson,- look, if you would, please,-.at page'

15 seven of your supplemental testimony -- I'm sorry, page- -

16 eight. Up at | the top of the page, you have a statementis .~

17 "This graphite forms a protective layer so that the -
i.

18 corrosion stops and the-surface becomes.relatively uniform

19 over time."
.-

20 What.was your basis for that statement, sir?

21 A (Witness Anderson) I 'm sorry. Do you'want a
,

i 22 reference to that.to support it, or do you want an
;
'

23 explanation of it? |
i

.24 O An. explanation, and a reference, if you have it,

25 Doctor.

> !
|

I *

i
s

t

,, - , . -<:,aw,-|,,,.~.,,a,- u,n.,,,~,,n.,-,--.-wv.,-,,..-+,,,,-,,ner.,a-,.+-~.en,,n+,e,,,n".,.,..,,n-, - - , - , , , , - -..r,n-,,,w,,-
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' 'I-'thinksyou would find that"in any of the.WRBbrb- ,A~
,_ .. . .

,

standardi e'xtbooks - .Fontana andJGreen,.'and Eulig, would be- 2'4 t

_
'3- two -toigo to. It's a basicL understanding.of. co'rrosion,J what

.4 the: mechanism - ls, - and' how: the corrosion occurs. -
~

a; -

5[ -| Q' ' .'Given thatiexplanation,1Dr.-.Rau or Dr.'Wachob', do_

-

-

\

-6' |youiconcur'in.this' context that - the -| graphite. forns' a -
.

- 7 _' ; protective layer so that? corrosion. stops:and the surface

8 becomes relatively uniform over_' time 7- '

-9J A (Witness Rau) Given the cha'racteristics whichLwej

10 have observed on' the cam- gallery . cracks in .the orig' nal"103, ' '
i

11- I disagree with that statement.

12 There's no' evidence-:that graphite coversithe

13 entire. surface.. There is evidence to the contrary. 'Quite

- 14 franklyi there's no way in which' the graphite in an' air-..

15 oxidizing environment can_ protect the adjacent perlite -- or
.

-

16 the steel, if you like -- in between the graphite flakes.

17 The graphite is. cathodic. That means.it is more '

-18 resistant to aqueous corrosion,.if it were occurring, than

19 the adjacent steel. And therefore, it is not going to'

20 retard but, rather,'to accelerate the corrosion"of the

21 adjacent steel.- And, in fact, when' graphitic corrosion '

22 occurs, it basically _ eats away the steel and leaves a

23 network of the graphite that was there originally in the

{} 24 cast iron.

25 So I therefore disagree that that's appropriate ;

;

i

$

F. '

L_ .



h a -

g s
,

, .

.s'' '

' '
- r

,

f
''

: . .

'

9070505 02_ .
~

_26723. 1
'

_
<

be s- -
,

'

WRBbrb 1- to the oxidation 1which'we have'seen'Lin''the camigalleries,
r,

,

-2 'and:even generally applicable.

3- Q: Dr./ Bush, did 'you warit j to_- comment on this '
'

q,

'f - )- - 4; particular' point?J

-5 A -(Witness Bush) Well, ' I 'm afraid we ' re comparing
~

~

6- ' apples.and oranges'here.'
,

7- If- we' re ' talking about the | cam gallery .per -se,' I;

. 28 don't agree thatjit'segraphitic; corrosion. If we' re talking

19 ' about z graphitic 1 corrosion as a mechanism and. how ;it_ behaves, .

- 10- that's another situation because there'can be' circumstances r
~

11- where, essentially, you_get-3nto a' decreasing': rate on there;-
,

12 but if I relate it to the cam / gallery, then I guess:I: don't

13 visualize this mechanism.as controlling for several reasons,
~

(} 214 environmental primarily.
'

15 I don't necessarily agree, however,'_that it

16 doesn't, because.I believe that-it has been observed.- In

17 ' fact, Fontana has reported-it in the context -- in a . totally -

18 different set of' conditions, _that you may'have a decreasing

19 rate or a blockage of rate after - a; period of. time.

20 So I'm trying to decouple one from. the other. .I

'

21 don't believe in the graphite corrosion mechanism in this

22 specific. instance; but if we're talking about. graphite-
.

23 corrosion per se, then I think one can have a different-one.

' 24' So I'm trying to decouple.it..

25 Q Do you have anything further you want to add,

- .

Y
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LWRBbrb' 'l -Dr. Anddrson?

2 iA. (Witness Anderson) 1 No . -

3 O- :Let's, then, turn to page seven of your -,- .s
'' ~

4 supplemental testimony;.andithis is, I think,-to conclude.

5 .Dr. Anderson, you say in the middle of your page ,

'

6' .seven that -- and I'm paraphrasing -- that calcium sulfide

.7 is often' present in dieseli oil, lubricants and' dye
8 .penetrants.

9 Is 'it ;present- because it's an . additive to these

10 substances -- that is, ' to the oil ' lubricants and dye

11 penetrants?

12 A (Witness Anderson) Or an impurity. 'I'm not sure.
13 what you mean. ;

(} 14 O Well, tell me what your. basis is for the~

15 statement that calcium sulfide: is often present in diesel

16 oil lubricants and dye'penetrants.

17 A Well, talking to the manufacturer of dye

18 penetrants, they said that there would be calcium present.

19 It was not purposefully added --'that it hopefully wasn't in

20 the sulfide form; it may be as an oxide form. But they

21 would expect its presence.

22 In oils, lubricants, it can'have -- it can be

23. added purposely or it can be accidentally.

.{ } 2-4 O Is it calcium sulfide that you are saying?

25 A No. If it is added on purpose, it is not calcium

.. --
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WRBbrb 1 sul fide.

L2 O Well, then, am I correct that you are not saying,

3l in'your testimony'that' calcium sulfide is:often present in'1 ,s

3' N') . . -

4 - diesel oil, lubricants.and dye penetrants?

5 A Well, no. There are calcium compounds and . sulfur

6 compounds, and that can be a- result.
'

7- But I am not saying that -- no. I'm definitely

8 not saying that- calcium sulfide is added on purpose ' to

9 - lubricants.-

-10 Q Are you saying that calcium sulfide is often

11 present, for whatever reason, in diesel oil, lubricants and.,

c
' 12 dye penetrants?

,

13 A Well, the thrust of this question was that there
.

-f) 14 was a relationship between the calcium and the sulfur that

15 was observed. Not all areas were analyzed, but the areas

16 that were were, where calcium was present sulfur was

17 present; . and therefore I was looking for an ' explanation :

18 which could explain a calcium sulfide. That explanation

19 could be from oils; and it could have calcium sulfide

20 present, yes.

; 21 O Well, can you tell me how the calcium sulfide

22 comes to be present in diesel oil, lubricants and dye
>

23 penetrants?

24 A Well, I think I've explained the dye penetrant:

- 25 in talking to the manufacturers. They say it's as an j

'

4

|
.

.
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1; . impurity,easDsomething that;gets in'without' purpose..WRBbrb
'

'

<2- -Q ButJI-. thought you-said it wouldn't.be{ calcium l
-

-
,

- 3 sulfide.
, -.

~

~M 4 i A' - In'the. dye penetrant,icalcium compoundsRare-

'5' ' expected. . They; try to : limit. sulfur. - The dye penetrantc

16- - manufacturers Lfelt that there Tcould L be calcium sulfidef as Jan -
~

~

~7: . impurity, or_ calcium'1n other forms.

8- -Now, with petroleum-products there's-both calcium-
.

. -

'9- and sulfur:present.

~10 : WITNESS BUSH:: Could I make.afcomment..here?'

11 I- will defer ' to someone else wit!heregard t to.~ the
.

12 lubricants, but with-regard to the penetrants,|at least for

13 nuclear,applicat' ions -- and there's'nogreason to change from

14 one penetrant to another because you tendItoruse.it

15 throughout the plant -- there',s_a.very rigorous controls.on:

16 both sulfur and chloride, sulfide ions and chloride ions,'-

17 for the simple reason that both of them are very,.very bad-
1
; 18 with regard to.certain materials, particularly the stainless-

|,

I 19 steels.
r. ;
,

.
. f

20 And so I won't say Yea or Nay with regard to the !

: i

21 presence of. calcium, but I would certainly be extremely
,

i 22 surprised if anything were used with.the penetrants that had : |
!

[ 23 perceptible ' levels of either sulfur -- or sulfide ions, more t

. !

! 24- specifically, or chloride ions. That is very, very

; 25 definitely prohibited.
- i

:

( -i

t .

: -

!

,

,, --w4c- , - - - m.,.. , - - - , - + . - , - , , , . - , - , ., ~,-.,*-,vv-,-..,y.,--e,y- .w.. ,,,me--.yw.--,-em.,e,-.m n,-n.u. ,e,..,., ,,-rp...--,,-wr
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WRBbrb: 11 - WITNESS 4. ANDERSON: I agree. -Theidye penetrant''

.n

-2: . people 1say theyJtry1.and limit, to.the'best'of:their ability,
' '.~ .

. . ..

' '

W '

:3 the amount ofe sulfur that's present.

Y ]N
' ' - 4; BY MR. ELLIS:.

'5 Q Dr.-Rau, doLyou agree'that calcium sulfide'is
~

6 often presen't in diesel . oil,flubricants and- dye penetrants,
,

,

"7 ' sir?

8 A (Witness Rau) -Do'I agree "is'present"?

9 _Q --Yes. .

'10 ~A No , I don't agree.. I agree.with'what'Dr. Bush.

11: and Dr. Anderson has just said --'that is,.that~there-are

~12- very strong specification limits on the allowable impurities

13 for dye penetrants for' nuclear application.

]} 14 We're talking levels below 20 parts per million

15- as an upper bound on the total of all impurities sodium,-

16 calcium, everything together. I mean,'really small. numbers.

17 compared to, recall, calcium levels which we measured on the

18 fracture surfaces of 30,000 parts per million calcium. So I

19 agree.there might be some there, but it's trivial in'the

20 penetrants..

21 With regard to the oils, nobody in their right.

22 mind would add calcium sulfide to an oil. There are, in

23 . fact, calcium additions to the oils, and sulfur may develop

24 as an impurity in the oil through usage. But it's certainly{
25 not added as calcium sulfide.

>
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;WRBbrb- ;1 - .AndJagain, ! the : levels of- calcium which are added.
y ~-'' : 1

~ 2' ~ to the-' oils'are'nowhere near th'e|30,'0001 ppm measured ~on the
. .

. ,
- ' :3 " fracture surfaces '. they' re . infthe " range of 1000 to .1500 ? ppm:

.
.

J,'' 54 Leal $ium.,

.h 5? " . And.'I'think,'as w'e testified'previously, I' cant
'

~6 .envisionino concentrat'ing mech'anism whereby youlcould- 1

s 7 ' increase 'from the -levels of. calcium,; for example, that might.

dz 'b4 in the.oilfup|toithe levels which were measured on the~y

~

'9- 'cracksi during. operation. |And therefore!I have~ concluded ,

10 that that -high level of calcium which is present on the cam L
..

11 gallery cracks was:: introduced during the fabrication, 'either -

12 from' the casting : and/or the weld - repair, process. .;_

13- .. Q - Would'you agree with that statement by.Dr.~Rau,-

14 Dr. Bush?

j 15. A - (Witness Bush) Well, quite frankly, I have
'

16 always considered that the weld repair' process is the most- ,

17 -logical one because, even though I don't have the-details,

18 the most common technique for making such repairs with this
;

iz 19 -particular electrod -- it uses a coated electrode, and the
3

* 20 standard material is usually a calcium compound of one-form

21 or another. I,

[[. 22 And normally when you lay this down, certainly
;

.
23 the first bead, there's nothing you can do about the coating-

,

i i

. 24. that is below. So that, by definition, is exposed to the
,

.,

25 crack surface. You tend-to try to brush'off, or remove, as '

?
>

.-

9

.

a

' '

,

. _. ., - . , e.r. ,,m...m, ,,,,,_m.v,....,..n-w.-e...-,--.---._me- . ~ , - ~ . , -, ,-,v4,*--,--.,,w-,w,y-<
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< WRBbrbi i 1-- Jyouilay'down:beadiafter bead.thereafter; but,.Lagain,-it'is.
'

,
-

12L inot aL100 percent:processi.-Lso there:~is' inevitably'a movement:
'

,

j q h_ J 3f , ' downward 'intoi an f open crack ' surface of ' the' flux, material 1E<

Q~ - :
,.

'

~ '4 that you're.using.;

:5' UI'have to? infer'thistbecause,1again, I.have.no' u

,

But I doi now that the;.-what I/would ca11~"6 1 specific details'.
~

k

7: on'e of the Lmore common ' methods f of welding, . weld: repair, ' with?

- 8, -the-50-50firon~ nickels, uses coated electrodesfand'is-

9 ~ conventionally used for:such repair.

110. O' ..But.in any event,;Dr.. Bush,|you would disagree,..I '

ill . take' ' i t , with Dr. Anderson's conclusion that thel calcium-
,

12- detected resulted from exposure;.of .the- crack surfaces to

.- 13' calcium ' sulfide .which is often present?in diesel oil',.

14' lubricants and dye penetrants?

15' MR. DYNNER: Objection. .That mischaracterizes

16- the testimony.

17 MR. ELLIS: Let me restate it and see'if I-can

18 ' satis fy .Mr. Dynner's --

19 JUDGE BRENNER: I guess if there was.any gross

20 mischaracterization, I missed that, frankly, Mr. Dynner.

21 If you want to restate it, you can do it.

22 Otherwise, I'll overrule the objection.

23- MR. ELLIS: I'll stick with the question.

- 24- WITNESS BUSH: I-don't know that much about

25; lubricating oils. I would infer that the levels.were quite.

.
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-WRBbrb -1. . low'and, quite frankly, I don'tcsee a possible' concentrating)

2- - nechanism.

3 I confess.I usually try to..take'the simpler one~,'g,
t'''j

4 and' i'f 'I' have- a source th'at I can leave in that clearly. can
'

5 account. for thousands of parts per .million, then I would j
6 tend =to accept this rather.than-have to-go through a very,

7 . complicated mechanism of concentration.

8 So :the : answer. is that .I wouldn' t espouse the

9 lubricating oil as'.the source.- .I would look'elsewhere.

10 BY MR. ELLIS:

11 10 Dr. Anderson, do you have'any further comment?

12 A (Witness Anderson) Well,'I think I should

13 . clarify the fact that the probability of there being a

() 14 sulfide is . based upon the analysis that .I saw. It may not

15 be-a sulfide. But.the examination -- the ratios. appear very

16 likely that it is,

17 But in any respect, there are several operating

18 mechanisms for calcium, and I see no problem in its presence

19 being generated by those, and therefore I don't believe that

20 that is an adequate basis to determine that the crack has

21 not grown. I feel the adequate basis, again, is the testing

22 of the surface in the manner that we've previously

23 discussed.
1

} 24 Q Dr. Anderson --

25 JUDGE BRENNER: Dr. Anderson -- I'm sorry, Mr.
>

,

!

- . . _ . -_ .- - .. . . - . . - - - - - - - - - . . . -- -
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WRBbrb' ~l Ellis -- what - about Dr. . Bush 's (inference that on'e' like'ly '
4

12 ' source of the~-' calcium. is the' welding process?.;
.

'

L3 . WITNESS. ANDERSON: :The fluxesithat:are normally.g
'

. .'')'. -4 used are~ sort of clays and ' salts, mixtures of salts for
'

:
,

, ,

! 5- _ greater. ionization and clays'for thermalistability,,.which
'

,

6. ends up in a glass-like material.- I2have no problems.
~

*
,

7- . believing.that.there;is~ calcium ~present in'those' materials.s

i ~8'- ' When Iksaw the procedures,.the' weld. procedures,1

|' 9 being donef on 'a head, I did not-'see' that' they were-: using.
~

-

l' 10 Jcoated rods, but:I do'not rule that;outias'having occurred'-

.11 at an earlier-time when.these blocks were made. So that is
:

[ 12 a possibility. I cannot rule'it:out.
:

13 JUDGE BRENNER: . All right. Maybe I lost you

14 somewhere.4

15' Is it correct that even.if'they were not using-,

"

16 coated rods that you' re sayin f that calcium could reasonably .
~

.

17: .be present in the flux material?

18 WITNESS ANDERSON: _No. . They have toLuse coated

I 19 rods.
+

20 JUDGE BRENNER: _ Okay.
'

,

21 BY MR. ELLIS:
,

'~
22 O Dr. Wachob, did you have a comment on this?

'

2

23 A (Witness-Wachob) Yes. The heads themselves are

24 steel,Jso therefore the rods that they would use and the

! 25 welding procedures might be significantly_ different than
!'

_

Y

s

e
+ ,

,-. - - , , , - _ , , , _ h%.- , . _ . ,..,.-wy,,-,..%_ me.y.,7%,%,,y,.. . , , ,--n,,%.,.-3 , .,c,w-.-g ,,,,,,9,,%_,. , _,,py,y,,,,,,%. . , , .
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.WRBbrb- l'- that tha't were used on the block. .
' .2- Q Dr. AEderson, wha't concentrating, mechanism did-

13 you --,m
! ) _

- '4 JUDGE BRENNER: ' I ' m :- sorry, . Mr. ' Ellis'.

5 -Dr. Anderson is probably,not-a very good poker

6 player; he's'shakinglhis head."No" in response to

'7 Dr. Wachob's last statement ~. So I'm going'to give him an.
)c;

8 opportunitylto''say something.

9- : WITNESS ANDERSON: 'Dr. Wachob said that.they were
.

'10 steel.. The ones I saw that were bead cast definitely were
f

11: cast iron. Maybe they have changed it'since then.-

12 WITNESS BUSH: I think we have semantic problem

13 as to what is~a head.;

()~ 14 . I believe you were talking about'the cylinder

15 heads, were you not --

16 WITNESS WACHOB:- Yes.

17 WITNESS BUSH: - as contrasted to the head of

18 the-block?

19 I 've certainly understood, from everything I've

20 seen, that these were a cast steel material.

21 JUDGE BRENNER: Dr. Anderson, what are you-

22 . talking about?

23 WITNESS ANDERSON: I was talking about the heads

q ) 24 that are bolted on the top of these blocks.
~

25 . WITNESS WACHOB: I have examined,

L2 .
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~.l* imetallographically,itheiblock cylinder [ heads,.andithe' " ,1NRBbrbL : 1
s

^

e,p - k Jcylinddr h'eads.are ca'st steel) .i

-,
<

J - - J3 |BY)MR. ELLIS: 7 .
1

Q ' 4: [Q , ;Dr.jAnderson, given the fassumption?-- flat's"

'

7 - 5 J
g

~ :5I assume they're casty. steel.: Does tha't change.you viewzwith~

*
,

L6 respect tiof a : source of ' calcium?. .

(7- :i A! " (Witness An~derson) ' ! No'.;- I . c o n't i n u e !.tioi say}that .
~

, .

8' fif there 'wasiaicoati. J. onithe rodh thenithat wouldSbe f a; ;
~

-

:9- source . of' calcium.- ,

10_ ~ JUDGE BRENNER:-. I think~the questionLthat| =

.

11- Mr.'Ellis meant to askiis: If youlassume' 'it 'was cast steel,

12 would . that account - f5r the ; fact!' thatr in that- process ; an'

13 uncoated-weld rod would: tend to b'e used,.as opposed to a

14 welding process :sor cast iron - if you know? -
'

~

15' WITNESS.ANDERSC'T: I don't think I canesay. Il
~

,

i

16 just.didn't see their process with anything other than cast i

17 iron.

18 BY MR. ELLIS:

19 Q Dr. Anderson, what concentrating mechanism did
i

20 you envision in your testimony concerning the calcium and
.

:l
21 calcium sulfide?

22 A (Witness Anderson) I don't think I need one.

,
23' You're talking about concentrations that exist in a liquid

_24 volume, and'then you're trying to. apply it to a' surface.-
25 And so what we are seeing is we have just destroyed two

~ - ,

a*w ww -e w= u e++-r i,*e m ere- we m a g w w, -- * , =e w g . rs. , m.,e g *w+ v-e ve- -re e w e , * w % r- gr W, ,.-ve s , wr e- e ~r ** ge* r e~ yww -g+- m v e^
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WRBbrb' '11 . dimensions - ,orLone dimension'ofithe volume.,

2L So ':1f.you have somelporosity in your. coating, if-'
~

u

.

1..
' 3 ~- -you have some. oil uptake, if you;have blanked out-that your.

.

4 .- cutting: solvents.had no calcium,in|them~so-that you're'sure7:
' '

-

.5 Shat that1wasn''t'an artifact'contdmiEation, then the fact-

6. = that they' re thare .would certainly ' give you the type of .
~

.

.7 ~ Lvalues'that you would see.
,-

8

i '9 ,

. :

. - 10:

11
.

;
.12

i' 13
,

~

,'O - 14
.

15

: 16
!

17
:

18''

19
4

20
,i

21.

i-

} 22
i

j ' 23

O 24

25
'

:

f

_ _ _ . _ . _ _ _ . . . 1_._ .. _ _ . . . ~ , , , . _ , , _ _ . - - - . . _ , . _ _ _ . _ . _ . . , , . . , . - . - , _ - . - _ - - . . - - . _ , . - -
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i:WRBeb ^1_
.

Sq- F

do.: you | ahreek thiti dW' concentrating 3{ p
. ym ~ g%g'

r .

'Q: Dr;.Rau,~ * ' :a: +

(N V' [ W t'4 ?
|2'. smechanism?is'notinecessary?h/ s; , N ', h;:

f,

V- \'<

.g. y-+ 1 <

_y

'(WitnesfRau)/LI)f.p.stfronglyJ disagreedand : IL don '|t"; :3~ JAj f. '

>

M J41 undersdand wNathDr.KAnderson justEsaid.-
,

5 :'%'
.

*f M. ;;w , ,,,
,

' Tf'oll isionEthcdbehek and on theEsurfaces,,then.'i51' .-
~L ~ ,. y '

T'6| -the concentrationEof calcium is the'concentrationfwhich isi

17.p :in the oig, % qaqd # to:-the1 extent.that crack is-o'pened...
y !. + -.,,

8 LI fnitois - closed, ?then nothi happens.; :It is,

#

' N ._ U .Y ,[
.n.

7._ 91- jast that tliat is' the' concentration. : I f .-it iisiopen i then the .
^ 10? ^g'goil:goes'in and out and;itfis' constantly) flushed Vith

'

. s a. -

11 k - - whatever clevel!of 'c' alcium is Lin - the - oil And t getafrom,,J

4 ?
you know, to the order of 1,000 ' ppm -in'i,the oil' J , . . .up to(10,000'# 12'

4 s ,, y -

,
,

J ' " l't! on the. surface, you've gotito have a: concentrating ~

.

g - ,-
. a:,

just-doesn'tmagicallyappkar. hp 14 : mechanis[n.' It.

/Y 15 . * . O Dr. Anderson, did you want to respond? ' ws
't i. gts,

}
16 A' Witness Anderson) Well, parts per million volume-;

g o,

) i 17 or parts 'per inIllion 'in an area are! ifferent. I a Duotd'

,

T
'

, . (
*

'

,

18 aware that this crad is working as a pump that is -- maybe
,I

19 it is -- that is essentially pulling oil in and squishing its

\- 4
g

#'' 20o /-back out.
Is

I'would imagine that's an unuspel model.21 That; g
,

v
2 ya'. .,

22 would certainly indicate that there-is sede severe motion
'

;

kt-

1 .s
'

23'/ Jthere. I would think-it would be more ikely that we have a
.A ,f -

- ,; 2,41 very stagnaht oil existing (in 'Jhere.
5 ,d

g
\- J- | V ~

s25 0 G3r. Anderson, I'm'not sure I understood from your
,

'
i .,

*
,

.' ./ . ,
* *

,
,

h

!. so
. - . .em

h , |3 Lk A - |, ., . - .,n-,, . . . , - - , , . ~ - - , - , , ,,m.-~.n- ,v,----n- ,,-,-~~ ~ ~ ,:.
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> . ) WRBed i15 1 answer, f though#why |:you [disagreef with ; Dr.. . Rau ' s ' statementz
, ,*

x ,.

L2:- thatiaLeoncentratingsmechanismfis'needed:-ib order'toTget the'

,

, - ,

f3 iconcentirat'ionsof.icaldium: up fromi the Evalues '.in ithsloil; to-;& , %
-''J'T y .. . - .: .'

~

2
.

, -. - -

*:4' the' values thatswere found.;.

' M .-

, The values |that\youih' ave igiven-[for the oil",a're in -i5 Af '
. . . . .

;. :s
'

'u. -r
"

[6': (the.volumet.lItfwouldLbefequiOalent to saying we: release'-~

;) .

3:7- 'something:in7this room and we tellfwhat thelconcentrationcis.'

~

_ , , ,- 3. E
~~

-

, _
J8 in thejvolumefinf he" room..t

,.

-9' Whenilt tis fa Estagnant . film on the: surface and' we-

10- inoflonger have theidimensionLor.1theLvolume!that we'-

"11 7 essentially'absorbLinto my layer, my' dark layer, the.

12 componentsf thati;are -in - that -volume : of : oil, then .we h' ave .
_

13 ~ changed. ' it. LWe~have put what was.in;a~ volume into a
.

D) 14 surface. And I guess.in'effect.-that's a concentration'".
%

15 'I believe that Failure: Analysis mentioned the

16 tremendous ability of carbon to absorb materials. -I would
'

17 : expect _ that any carbon in this dark. film would tend to

18 -absorb the materials that are in the oil. And we are just
,

19- essentially extracting it from-the-volume.

20 .You.see, we've'gone from some volume to put it

21 all onto.-a surface.

22 O- Dr..Rau, do you have any additional comment,

23 " focusing specifically on Dr. Anderson's-point that you go
,

24 from a volume _to a surface, whether that makes any1

25 . difference?

4

,A
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, .

1, . 1WRBeb [l$ !As~ ;-(WitnessTRau) - 'W ll,':again'c from a ;'

e
. ,.

:,., .. .
.

. .. . ..
. . . .. .. n .-

i' . 22-. .. ~ first principlesh theoretical; poi'ntf of Siew,: s0re,fyou. can
L get some. additional <concentrati'on, .you know,41f! somethingi <4 ~

.3'g,g ;
,

. . .. .. . . .
.

~ ~

14l Lsettles out of|therliquid -andL ' ends up on the.: surface,4but"
- L

_ _
_; .

_ _ , .
. ;-:

i ! .5: inot'at the11evels:we're:talkingJabout.*

, -.

6- And?of 4courseHto the Textentitha't'oilIisisucken!iin'.
' -

. - , . . . .

'

.

- c7~ 'by holeslin J the'. cast iron. or " sucked down' into : the: graphite 1-

.

|8- 1 flake's, that's'a volumetric effect. |AndJit.!is not[just a-
. ,

1
.

9 ' surface - layer. ' ! Thereiis a'.' surface [ layer. .ofithe /o'xide Land.:'

10- that's'a tight crack.
' '

:

11' Whht we.'re talking about,.-if inifact therevis!any~

,

'12 concentration; c and I: don' t believe there .is, / but Tif there
~ '

were any; we' re' talking about perhaps 'ai factor 'of..two,J and -13. h

"

14 we need',a factor ' of 300 concentration mechanism. 'In my
*

15- opinion there isn' t. any. There-isn'.t any mechanism for:it.L

,

16 to happen. '

o.

17 O The last. time, the last round..:Dr.' Bush,-do.you.

'

18 have anything you want to add-to the subject?.-
~ *

19 A (Witness Bush) Well,.I'would-visualize that you

.20 would have to have a chemical absorption mechanism'in' order

21 for this.to. occur, in order to getoaLconcentration You.- .-
..

22 would have~~to;get a very substantial' concentration. 1.

,
~

: 23 Otherwise you will have a finite amount of oil there, and

T .24 presumably in a limited volume.
(, .

; _25 So unless you can selectively remove it and

p
;

.

0

b

7

,, -+ en_q 1. % .,- +,-b-, -es.v...--,-rhe.-----,m,. e-m ar v. , elw e ,,, er.,Wr y ,-.--et,,pe-t-eg.w.vw** +-e._e-,gr-*+ve-w,*r w g v' < rv s m-w e mw,r4 '-
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'WRBeb: 'll : replace.it,?Ildon'tisee how you can get the buildup.- I-

.

;

.
. ~ . I

-

'2 . guess that's.my. problem with<this; mechanism.- . j
-

f3- 3 'O; ~So-am.I! correct that in flight of; thisi discussion, .
'

,
-

! I
''' 4 itJis'still'your-view that1the calcium,;the presence of:

5; . calcium is more consistent withia Lpre-operational ' origin :
s

6 than;a post-operational origin?L

E7' A That''s my feeling, yes.

8- |Q- Dr.fAnderson,' did'you wantito say anything
,

9. further:on.this subject?

' 10: A: (Witness Anderson) Only my contention that.there
~

ll; are'other' sources,.and I think it'should be tested.
.

12 MR. ELLIS: Judge-Brenner,.that completes our-
_

'

13 -questioning.

( )- 14 JUDGE BRENNER:. On that last point,cDr. Anderson,_
.

15 I 'm not clear on what would be tested.
<

, .

.16 WITNESS ANDERSON: Well, what we want.to do
t' .

17 .really, the bottom line is to see if' the crack:is as it.was

18 at the time of fabrication or if there has been any.
~

19 extension, so it's the x-ray. analysis to see what~is on the
>

20 surface, characterize it, and then. definitively we all know

21 and can agree.4

22 JUDGE BRENNER: All right. It's different than
4

yo'r immediate point about calcium?23 u
,

{} 24 WITNESS ANDERSON: I think the only reason that I

25 bring up calcium is that it was used as the foundation -- as

!

i'

>

S .

- . ~ . - , -,,--,-,--~,m',-e-,,,.,-,-y . r .v f ,_ ., J. ,.-,,.-,...--,w . , - > - ..,.-.-,-..,,,--..--%.,., ,
-



,
-- _ _

9070=06 05 ~26739
..

-

.WRBeb. 21' ' one' of the foundations of saying that1 this was a fabrication:
. .

2' crack. .A'nd if that was truly the only way,that. calcium =

,j-4 3 could .have :been . produced was by this welding repair, Iiwould.
A )

' ' '
'4 accept'it. But I see other~ mechanisms..

5- JUDGE BRENNER:~ All right.

6- I asked because you. mentioned. testing in the.

7 context ofLthese questions about calcium. You are not'

8' suggesting that.some' tests for calcium would-prove anything?

9 WITNESS ANDERSON: I think calcium has no value.

10 I think we want to test the layer,

11 MR. ELLIS: Judge Brenner, I have the exhibits

12 that I wish to move into evidence at this' time, if I-may.

13 I wish to move into evidence LILCO Exhibit.B-61

;( ) 14 and B-62, which were schematics or drawings prepared by
,

15 Dr. Rau and which he referred to in his testimony at some

16 length. We would like to move those two into evidence. I

17 am going to take them one at a time unless you want to--

18 JUDGE BRENNER: Take them all'together.
.

19 MR. ELLIS: All right, sir.

20 The next is LILCO Exhibit B-64, which are two

g 21 photographs -- 63, I'm sorry, which are three photogrpahs

22 -- two photographs, I'm sorry, and LILCO Exhibit B-64, which.

23 will be a single photograph.

}
24' In addition we would move into evidence LILCO

,

25 Exhibit B-60, which is a graph entitled " Preliminary Cam
'

,

|'-

!

I

, . - - .- - - .. -- . . _ . - . . . -. . - - . . -
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~ )WRBeb . '
-

. > $ . s,

i.1 -- Gallery" Strain Gage. Data?"sas to which'there-was~ substantial.
,.

'

; 2| ~ ? testimony.
-

h
. ; JUDGE'BRENNER ' You are not_ going (to_get"B-601:3., ~ ,

[4 into] evidence,:soclet's save the argumention that'one.
~

:- -

.w -- :5 3 < - L MR. ELLIS:-:All.[right,1 sir.- '

-6 ~ JUDGE'BRENNER*: What about.the others?-
'

.

:7' -MR. DYNNER: .I.have;a! technical. objection to B-61''

-8 -and .B-62,' arising from the $ fact' that?I have 'notxyet had an I

;9| opportunity-to cross-examine Dr.;Rau on these'two items.and '

'

.10- I..would like to do : so' to establish' some facts about them.-
'

'll ' I have no. objection:to introducing,into evidence-.

12 th'e two photographs. represented .in LILCO 's . Exhibit 1B-63

-13- ' JUDGE BRENNER: |I'm not sure I fully. understand,

14 Mr. Dynner, but I think'it'would be most officient just-to-

"15 hold off on~a'dmitting'B-61 and'.B-62,--'and we'11'see what'

16 happens. I guess I can draw the inference that1you think-
.

.

17 .you might establish something that would provide a basis to-

18 strike them from evidence. And rather than'go through

19 that-- Maybe I'm reading too much into it. We' will' wait if

20 that's your preference.

21 What about B-63 and B~-64 as far as the Staff is

22- concerned?

23' MR. PERLIS: The Staff has no objection to.B-63
,

A- 24 or B-64.
%)

25 JUDGE BRENNER: All right.;

.

'

s

.

.

'-

; -- ,

*

i

|

I

t
-

.|
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4.
,

,

x - (WRBhbl [1} ~ ' OurErulingfis that LILCO LExhibit? B-60,-ilto the :
, j

i
.

i

2 extent there !was "an :o'fferJ-to move;iti.into evidence, i that:is y'
,

"
, -

4

g - '3 "deriled. . : So (that tis frejected. on. ;t'erms : o f . moving 11t; into - -|
chg- .. ,

lie don' t think I2 have toL go Lthhough: allf the d
d'

N1 "4; evidence.
~

-
- a

'5D reasons -- d.

. _ i
- -

16i 'You're nodding:Yes, so'I1 won't.: - 1-

~ 7; - MR.;; ELLIS's ,. Yes,] sir. .There are the same. reasons,

"
- .8 you have; given :whenjit .was offered . before.i

.

9 JUDGE BRENNER: .Yes,.when the testimony-on the-

'10 , subject'was-offered and beyond'that', itfis. including ~

11 preliminary, and so:on. ~ We'are' going to come-back to the
_

'12 -whole. subject. But it is'an exhibit for identification; it| ,

13 was used in' cross-examination.
'

-

14 (whereupon,<LILCO' Exhibit'B-60, a

15 having been previously.

;16 marked for. identification,

17 was rejected.)
.-

18 JUDGE BRENNER: Exhibits B-63Jand-B-64 are |
.

19 admitted into. evidence. ;

20 (Whereupon,'LILCO-Exhibits B-63
'

t.

21 and.B-64, having been
!

22 previously marked.for- <

23 identification, were received .j

24 in evidence.);

-25 JUDGE BRENNER: And we will hold off any ruling - !

!

u

&

gm ..-
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-,

'

^:

' _

WRBebi l .~ on-B-61 and'B-62. Butnyou will have'to go'back.and renew

'

2' the; motion.--

.g. : 31 MR. ELLIS: . Yesi' sir.
' . 's - I 14'- JUDGE ~BRENNER: We will'take our; morning. recess-

'5 at this time'.-,

6 . Could the County give me a' time estimate on its-

~ 7-- questions of ~ this . panel?

8. MR.'DYNNER: Two hoursg Judge.

': 9 JUDGE BRENNER: The Staff? ~ Can you give_me'a *
.

10 itime estimate?

11 - MR.'PERLIS: .Most of my questions have already

-12 been asked. ~ I'would anticipate-maybe 10 or 15 minutes.,
.

13' JUDGE BRENNER: ' Okay.

14 Let's come back at 10: 55.

. 15 (Recess.)

16

17

18

19
.

20 *

21
|

22
e

23

O 4

25
J

{

'
i

I

I
,
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AGBagb' l ' JUDGE;BRENNER: |All-right. We're.back~on the

2. record.- I can give'you one of the.two missing details ~as to

..j- - 3 :the schedule -for. the conference of- parties on Tuesday: We
t ;

\# 4 will start at 8:30 in the morning.-
.

5 And the only uncertaintyLis the location, the-

6 particular location, but as-I-said it will' definitely be in

7 Bethesda. It is going'to be infone of two places, .it will

8 either be in the NRC hearing room _whichjyou are all familiar

9 with or it may be in a large conference room in the Maryland

10 National Bank Building, it depends on whether a presently

11 scheduled hearing for the hearing room stays with its

12 schedule or not. .And the parties will be advised by the

13 Board secretary on either late-Friday or Monday as to the

(}
14 particular location.

15 MR. ELLIS: Judge Brenner, I have the temporary

16 LILCO Exhibit B-64, if I may hand that to the Board and to

17 the Reporter.

18 JUDGE BRENNER: All right. As we have-discussed-
'

19 these are the Xerox copies and, similar to the procedure on

20 B-63, they will be replaced with original photos.

21 (Documents distributed)

22 JUDGE BRENNER: Mr. Dynner?

23 EXAMINATION

r~ 24 BY MR. DYNNER:
(m-}

25 O Doctors Rau and Wachob -- I guess, Dr. Rau, you

i

|

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ . . . . . . _ . - . ._....J
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"

-AGBagbi 111 :can handle 1these, I 've got/someJ questions [for you about
. , . -,

L2- ?LILCO 's Exhibit B-61 and ' B-62.3 |
T-

#=. 2 3 --: -It.1it true, 'Dr. Rau, - that these arel'

' '

~

- ;; '
'

~4 - Lrepresentationischematic. drawings;made by you:and'are not:
,'

,

* '5- ' drawn..to= scale?: ;,

6 'A' (Witness Rau).!They.are schematics.and Iimadeino;t

7: attempt 1to check precisely 1the! scale. The, relative'
'

8 dimensions of tracks and wall thicknesses; and fuel. pump-E

i-

39 mounting bracket are intended.to be.approximately. ,

10 representative but they'are not' precisely.to scale'.

:11. 'Q' LAn'd am I correctEthat:these1 drawings don't'

12 represent any pariticular' crack?

13 A Well again they are intended to be representative

. 14 of' the cracks in original'103 block cam gallery saddle -
,

~

15 number 7. and in fact are . based upon my examination of that

.16 particular. cam gallery saddle as well as ? for -number _ 6.
~

17 O You're talking about Exhibit B-61 now?.

18 A. =Yes, sir.

19 Q- So generally representative of " cracks . that .you
20 personally saw in the saddles 6 and 7 ' on the old 103 block

21 would be represented by B-61, is that correct?
t

22 A Yes. I don't mean to imply that each and every
23 one looked exactly like this one but it certainly is very [

:
24 . representative of some- of them and generally representative.

25 of all of them. . I

i

- . |

,

% -

'
c
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/AGBagbf [lf: '

' .Q - { And the labels-onLhere,:am'I' correct'.that these_ .

' ~

'2' |are your 'own words: and characterihations' of!whatithe
<- ? 3 -. -drawings .| show? -

if : ,

.M? 4E BAL .-I:: don ' ti know what|you mean by ' " drawings.'" WhatJ
'

-,

.,m
~

._5 : Edrawings? "
, -

s
'

:6 ~

'O- On B--61 you' ~ve got. three drawings, E correct?: '

7' A . Yes,: three - sketches'.

8~ Q- -And on those1 sketches, each of those . sketches you:

9 have lables, y if _'you _ will. . For example,1 on' the firs'. one 'at
.

.

,

.10_ the top it.says casting-shrinkage cracks paretheses' thick

11- ' oxide close parentheses and'I'm correct, aren't I, that.that
~ '

-

12- ' label and the other: labels on_these sketches represent your.

13 characterizations -of 'what those sketches represent in those

14 areas, correct?

15 A Yes.

16 Q And on LILCO Exhibit B-62, am I also/ correct'that-

17 those three sketches are representative of cracks. and care

18 not an attempt to depict any particular crack, is.that

19- right?

20 A In LILCO 62 they are not-intended to depict.any

21- particular one of the cam galleries on 101 or~ 102 but

L22 generally to be consistent with the non-dectructive

23 inspection and visual examinations made of those-two.

' 24: Q And those are, in your view, consistent with what-

; 25 you saw in your -personal observations of cam gallery cracks
i.

I
p

*',,

[- y
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A PAGBagb . nli .,on the EDGJ1014and:lO2; blocks,[isithat correct?-.,
.

a -

. +1
- j

_f,.. , J2i VA ;Thejschematic ini B-62 is representative.'of 3the
, ,, ' ^

*
4g-

.

: ,

,

. ~ . .. . . .
. . . .

J N.. -3 .
..

} ilargest of the 4TSI1depthfgauge. indications onithetoriginall ,ppq.y
Q a: .

W .,A
L

~

--Jexcuse"me',Lon the'101.: LItLis not' intended to ben.- 141
'

"

'

s
, , ,

5J repreAentativefof all off the cam; galleries'.because, (as 'I' js

(- |6 havecindicated, the1 reported 1crackJdepths.from;theiTSI depth
, _ . -

' .7- gauge' are noti nearlyJthat _large on most of them. ' There ~isL6 .
,

' ' *;; ;
_

8 ~only'one-which'isilarger than .1. ;'
.

s- .

f '.

; 9' Q' !Does'it represent |what-you personally'saw on the
.

..

- - 10 - -- observed as _ to the 'cem gallery ; cracks on EDG 510l?
'

*

,

~

'.11 'A: 'Again only to the extent'I'have. indicated. . :It l's
,

I

12' intended'to-be schematically representative of:the largest1

. . . .
-

.
.

i
13 depth of crack that was reported in 101, . not ;all of the

14 indications in,101.

;- 15 Q 'Is it:also supposed to represent what you
.

9
-

] 16 personally saw on the cam gallery cracks :of EDGs 102. block?- '

I

{ -17 A' I believe it is representative of what- is .in the - ;

{
{- 18 102. I do not have the TSI depth gauge measurements on 102 ,

i-

j' 19 and I did not visually or with non-destructive inspection j
i

[ -20 techniques personally examine. all of the' cam galleries. in |
4 i

| 21 102, I examined only some of them. - But~it is consistent i
.

[ 22 with - the observations with regard to -location of the weld
i'
L 23 shrinkage. crack that I did observe on 102. 1

4- ... ,

24 Q And it's true, isn't it, that in fact.there have
a

j 25 been no TSI depth gauge measurements of the cam galleries.on. !
t

< ,

f. . .1

,'
W

b

. .'

'

.
|

-

,

f
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AGBagb 1 ^ EDG-102,.have there?.

2 A. I 'm not . aware of any 11f they have been done.

j 3 'Q Dr..Wachob, do you know of any that have been-

''- 4 done on 1027' * .;

5' -A (Witness Wachob) I. agree with Dr.' Rau, I.am not- .f

6 aware of any.

7 O And I'm correct, aren't I, that in the schematic
.

8 sketches on LILCO B-62 that you .have no way of knowing from '

9 direct' evidence as.to whether or.not the cracks that are .

10 depicted in the sketch at the top of the page actually were

11 completely ground-out, isn't that right?

12 A (Witness Rau) I'm sorry, would you repeat that

13 again?

14 0 Yes.
!

15 I am correct, aren't I, .that you have no-way of

16 knowing that the cracks which are depicted in the first

17 sketch were actually completely ground out prior to the

18 weld, isn't that right?

19 A I have no firsthand destructive examination to
,

20 indicate that any casting shrinkage cracks that might have
21 been there were ground out. I have indicated that it is my

22 opinion based on the fact that there are repair welds, the

23 general size of the repair weld, the TSI depth gauge

{} 24 measurements on 101, that it is my opinion that the cracks

25 would be ground out. i

:

1

.
I

4 .

et

|

'

- - . . - - - --_.----_--._L----.- - - . . - - . - _ _ . . . _ - - - . . _ . - _ _ . . - - _ - _ . . .
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L.AGBagb~ 11 , .It,is~also my opinion,that-the cracks would be

~2' substantially,|very substantially shallower in.both 101 and
'

'

p. <3. 1102 given my opinion.that the shrinkage stresses would be'

'[ 4; . comparable:due-to comparable molds but that.the mechanical'
,

~ itrength,; in particular, the fracture strain would be of the. 5 ' . __
-

s

'6 order of a . factor of thrae reduced in the original 103 and I-

* 7 would therefore expect- substantially shallower shrinkage

8 cracks and;given the ' size of the repair weld, it is my

9 opinion that they. were in fact ground 'out.'
#

10 Q How did you measure, if you did, the depth of the

:11 - weld material in the' 101 and 102 blocks'

12- A As I indicated yesterday, I made no measurement .

13 of the depth. I observed the width as you stand at the side

14 of the engine and examine the repair weld from the side and

15 indicated that the width of the welds in 101 and 102 were -
:16 comparable to but slightly smaller than the width of the

17 repair welds in the original 103. . , And from our = destructive
~

18 examination of the repair welds in the original 103 I

19 inferred that the depth would be scaled down, . if you like, i

-20 in approximate proportion to the width and therefore that
!

21 the proximate repair weld depths would be somewhat
;

;

22 shallower than they were on the original 103.
|

23 Q Well the three blocks, that is, 101, 102 and the
'

.

24 original 103 block were all cast within about a month of

25 each other, worsn' t they?

:

l

.

" '

.-s. .*w_ . _ _ _ . _ . . . _ _ _ _ _ _ _ _
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: AGBegb1 'l
' -A| ,Yes, sir.~

,

~

2' .O And the .what you" infer -to be the grinding out of - !4 ,

3, Lthe, cracks in the 101 and 102 blocks would have been a7 p) .
,

9
^ ~ ~ ' .4. : correct procedure for welding, . wouldn'.t 'it, as opposed to|a

~ '

5- ~ partial / grinding out of the cracks? .,_

~

6' .A -Well correct procedure'would. depend upon what the'
"

-

i. 7 spe'cifications are of the people making the repair . welds.

8 Different' manufacturers have different kinds of procedures,-.

9 they may have different1 procedures for Latructural repair ,

^

10- welde compared to cosmetic -repair welds. . And I Loon' t know-
:

7

(' 11= what TDI 's repair ~ weld procedures weret; as Iftestified, . I'
<

'

12 asked and they were not made available to .us..
<

| 13' Q I think you are going a little bit beyond the 2

|

J( )| 14 . question I am trying to,get at. It would be a more correct-

15 procedure to completely grind out the cracks before you weld.
*
,

16 than to only: partially. grind them out, isn't that right?'

| 17 A Again that. depends on the purpose. If you are
'

18 making a repair weld for structural purposes, I would
r t

| 19 certainly agree. If I were personally doing it or i

| |
20 recommending it, I would recommend complete removal. :

i
21 Q How about if you were doing it for cosmetic

:
c >

22 purposes --
'

23 MR. ELLIS: I don't think he was done.
24 MR. DYNNER: Oh, I'm sorry. -

'

-25 WITNESS RAU: But again, you have to keep in
! u

!
'

.

?

I

!

[.
t.

_ _ _ _ - _ _ _ _ _ _ _
. *

- -

. . . _ - -
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-AGBagb l' ; mind tho' purpose. tIf the puitpose7is : cosmetic,1-: then I'
~

* L

,

L2? suppose the manufacturer could'have a .different criterion-,

74 . "3 ?and he maygor.;may.not'do that. .

" .\_ja <

i 4 Q. -Do you have'any basis-for believing,that the'

.g
,

,5 | purpose of.- grinding out the cracks in' 101f and 102 was
'

n 6- structural but that'..the : purpose : for ~ grinding - outi the'.. cracks -
-

'7 'in the. original 103 block was cosmetic? ,

~
~

L 8 A I have no' basis.other.than what TDI-has told me 1

9 ' for why, the repair welds were made on any of the three

10- blocks, 101, 102 or original 103. I wa's told they were.done *

.

|

| 11L for. cosmetic purposes, now whether.that is in1factithe case,
,

12 I . don' t know, -I only know what they told me.
|

.

13 O Why have you made - the assumption that within'. - >g

.( ) 14 approximately ' a month of each 'other or perhaps a 'little-

15 nore, we don' t know, why have you made the assumption; that .

:

16 TDI ground out all of the cracks on 101 and 102 but did not
<

t
#

L 17 grind out all of the hot tear cracks on 1037
!

|- 18 A Well-again it is not'an assumption, that's my
i

19 opinion. And it is my opinion because the casting shrinkage- :
,

20 cracks in 101 and 102 were very substantially shallower and

21 the grinding process was in fact able to remove the cracks.
,

| 22 It wasn't so much in my opinion that TDI set out
'

23 necessarily to do things differently on any one of 'the three

{} 24 but in point of fact they were not able by their normal -

25 gouging procedure to get the cracks out because of their
!
| 1

!

,'

. >
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AGBagb , 11 depth'in'the original-103;and so~they stopped and-just.

'2 ' covered it over. :Whereastin 101 and 102 they were in fact
.n .

'3 -able to 'get these much shallower indications out by the()
.4 repair' procedures they wereLutilizing.

5 O Now what's .your basis ' for your opinion that TDI

6 was not able to grind out all of the. cracks in the original

7 103 cam gallery area?:. Hoe do you know that?

8 A I believe we spent two days' talking about that on

9 the cam gallery and I don' t know how much the. Court would

10 like me to go into it again. We have'been through the,

11 extensive evidence for why I believe the casting ' shrinkage

12 cracks were formed during the casting process --

13 O That's not my question.

/ 14 A -- what size they were.

15 I'm sorry, it's not your question?

16 Q No. My question is how do you know that TDI was

17 unable to completely grind out the hot tears in the original

18 103 cam gallery area?

19 MR. ELLIS: I object to the interruption because

20 I think that was his question he was giving the answer.

21 JUDGE BRENNER: All right. I think that may turn

22 out to be the case but Mr. Dynner is entitled to try and get

( 23 the answer one way or the other in the terms in which he '

24 asked the question.

25 I think -- Let me try this, Mr. Dynnur, and I

:

|

r
i

>

f
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;AGBagb' :12 hope: Iido not- interrupt what. you' were trying -to accomplish.~ "

'

2- I think what Mr.fDynner means,.Dr.;Rau, is do;you
W

~

ff
'

-3 ;have any direct knowledge that they could not. accomplish-
m ,

,

,4? .that or are youibasing-your. opinion'only on your views based-
~

5 on the examination of.the cracks that you have discussed .

6 here extensively already?~

7 WITNESS ' RAU - 'Some ofLboth,;your Honor.
~

8 Certainly~1t is heavily based'on1my direct-physical

9- observations. It is'also based upon--the representations

10' made to me by TDI representatives who indicated that they

11 were in fact. cosmetic in'their opinion.
.

'12 And given that they made :that " statement' there
'

13 would have been - if they truly were being done.for

.O 14 cosmetic purposes, there would have been no requirement or- 1

15 objective necessarily to remove the entirety of the casting

16 shrinkage crack.

17 So to the extent that I knew and was told that,

18 for both of those reasons I don't believe that their normal

19 grinding on the surface removed the entirety of the crack.

20 If Mr. Dynner's- question was could they have,

21 surely they could have ground deeper and eventually have-

22 gotten the entirety of the indication out. What operational

23. difficulties -- and, quite frankly, replacing the weld

(-. 24 without introducing additional weld shrinkage cracks --

25 would have caused them, given their weld procedures, I

.
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i;AGBagbf .1:- L dan' t know! butsthey made La L: judgment.t that theyj dion t :want to
-

, ,

n ';9 - ;2 'gojanyLdeepertthan they did,?I:believe.
_ ,

-f( D3 l BYL MR.n, DYNNER: ;
'

<

, ,

s - 4 .Q: Now Dr. - Rau,1I"would like you to tell~ me whether
.

5 --;specifically'did-someonelat?Delaval"tell you;that(Del'aval'

(6~ made no a'ttempt to completely grind ~out the cam; gallery hot--
~

'

7 Ltear-cracks in EDG'103'.s original-. block?

8: 'A 1(Witness.Rau) No direct statement'like that'was.
_

9. made.' There wasDa direct statement.made that they made no

-10 ~ repair welds 'on the: original- 103 block- for . structural

111. . purposes, 'that any repair' welds that'were made wcre made for

2 12 cosmetic purposes, that was their; representation to me.

113 . JUDGE BRENNER:' Dr. Rau, I never understood this.
'

- 14 " cosmetic" label as appliedJto this - context. And.I know

215 you' re not the ' person 'or a member of the entity tha't made -

16 the statement to:you, but can you tell me-in your -

17 professional endeavors whether this makes sense to you?

18 After all, we're not talking about something that is on

19 display in somebody's living room, it is.a cam gallery, I

20 mean who cares cosmetically in the sense of....

21 WITNESS RAU: Okay. Let me attempt to answer

22 that, your Honor.

23 In my experience procurers of large castings,

. 24 like procurers of any piece of machinery, are' affected by -

25 appearance. And quite frankly a procurer who sees tears,

,

? t.
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1AGBagh
.

'

cracks,danythingfwhich doesn't look nice on the' surface ma'y

Le .-

* ;. 2 -
..

.

'in fact':tell J he -manufacturer {to' put l't back on'the truck
. .

t
7. ., .

3. arid take it-lh'ome. again.?

'-4; ~ - So'quite frankly'it.lis.not at allEunconunon fori a.

,

' 5: -manufacturerito make-cosmetic repairs strictly.to avoid '

,

L 6 nuisance,.let's say, interactions with the client'or the
r

F -7- purchaser and'he may or.may_not have sufficient foundation

8 to have.made'the. decision that'it'is' cosmetic versus

9 structural."

10' : But in point'of' fact they do make'decieions IJ

! )l1 know of where they have evaluated -- I'm not talking about

| 12 TDI.-- but"in. general manufacturers do make decisions to

.
13 make certain. cosmetic-improvements.even though they believe

.

14 they.are completely. unnecessary.--

'

|- 15 - JUDGE BRENNER: All right. Now that'I understand

16 what you mean by " cosmetic," one could use other words to

17. describe that process also. In other words, it's not -- all

18 right, I'll just stop there.

19 Didn't they -- Now this area was also painted,

20 correct?
!

|- 21 WITNESS RAU: Yes, sir.
!

| 22 JUDGE BRENNER: Now am I -- You may not be able

.

23 to answer this but would the what you believe were the

24 original casting shrinkage cracks have been visible on a'

25 painted . surface if they had not been ground out?

l

l

l'
,
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[hGBagb[ 1-' WITNESSIRAU : I;can't-be;100. percent sure but in.>*
-

_

. >

-'

j -2- my opinion:theygprobably would be'.-
,

- ;3 1 JUDGE BRENNER: |We're talking.about the origina1Ms
'

''4- 103' block.
4. ,

5 WITNESS RAU:' 10riginal 103; yes,; with the . deep.

'

!
I

' 6' 'one.
._

~
~

p
.7- I'believe they'probably would be~. I don' t know {i j'f

.,

8 how obvious they would be but'-I'think'they probably,were - 'f-
.

9 ~. visible, otherwise-there would be no reason'to make a-
. :

3
; -10 cosmetic. repair. !

'll BY MR. DYNNER:
!

12 Q Dr. Bush,'in your-judgment would it have been' i

13 appropriate in making a cosmetic repair to .the block for. TDI 1

--

-

~

t

. . 14 to fail to grind out all of the cracks in the 103 block

15 before the welding was done?' i

!
16 A (Witness Bush) I am not a believer in cosmetic !

17 repairs. My personal opinion -- and I can cite several' {
| 18 instances and sources are pretty clear about the fact that .

1

19 avery effort should be made to completely remove any cracks [

20 prior to any welding operation. !

21 I have before me one such source that was i

|
22 established by, I think, a committee with adequate !

23 credentials and they. clearly indicate it is virtually ,

( 24 essentially to do so. |

(- 25 For example, here are the critical words:
[

|

I [
i

i

i

- - - _ . _ _ _ _
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AGBagb 1 " Attempting to weld over a defect

2 instead of removing it completely usually

3 results in poor weld quality."

4 That's the reason I don't like that possibility.

5 Q So am I correct, Dr. Bush, that you don't have

6 any direct knowledge as to whether or not TDI completely

7 ground out the cracks in the engine blocks, 101, 102 or 103,

8 before they put in the weld, is that right?

9 A 101 and 102 I have no direct knowledge. On 103,

10 my opinion is based on the photomicrography that it was not

11 completely removed. And that's based on characteristics

12 there and the depth of the crack. I have no way whatsoever

13 of establishing the case on 101 or 102 as to whether the

'/ 14 material was completely removed.

15 O Dr. Rau, looking for a moment at Exhibit '-62, Id

16 would just like to ask you the same question I did about

17 B-61, and that is:

10 Am I correct that the labels and words that

19 appear on there are your own characterizations as to what is

20 represented by the sketches?

21 A (Witness Rau) Yes.

22 MR. DYNNER: Judge, given those explanations, I
9

| 23 will have no objection to Mr. Ellis' motion to introduco
' (~)

(_J 24 B-61 and B-62 into evidence.

25 JUDGE DRENNER: Staff?

__ _ _ _ _ _ - _ _ _ _ _ - _ _ _ _ _ . _ _ - _ - _ - _ - - _ _ - _ _ _ _ _ - _ - _ - _ _ _ _ _ - - _ _ _ _ - _ - _ _ - - _
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AGBagb ' l' MR. PERLIS: Staff has no objections.
'

2 - JUDGE BRENNER: All right.-

I ) 3 We'can do that and'we-will admit LILCO Exhibit-
4 B-61.and B-62 into evidence. I will give you my opinion for

5 what.it's worth, and it doesn't matter here although we have

6 had the discussion elsewhere so I will' state it again

7 I don't think it is going'to matter one tota in

8 terms of this record whether these two sketches had remained

9 for identification or in evidence because their only

10 evidentiary value is to permit a finder of fact to better
4

11 follow the transcript.

12 I don't want to minimize their helpfulness in

13 that regard, they are very helpful for that' purpose but they

14 do not supply any substantive facts independently of what

15 was testified to on the record by Dr. Rau and others.

16 Nevertheless in the absence of objection we will admit them.

17 into evidence.

18 (Whereupon, the documents previously

19 marked for identification as LILC3

20 Exhibits B-61 and B-62 were

21 received in evidence.)
22 JUDGE BRENNER: Could I ask another questioni

23 MR. DYNNER: Certainly.

O !

ss 24 JUDGH BRENNER: Dr. Rau, did the TDI, perse,nnel
25 who you said supplied you with the information you t.tated

.

L

,

__xru ___....-..__--_-___m._____...m._________+.__m m.__..- ..______--_.-_____ _ _ __ _-_ _ _ _ _ . _ _ _ _ _ _ _ _ _ _ _ _ . _ _ - - - - . _ _ _ _ _ _ _ - . _ _ . --_m- r
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/ ' ' AGBagb'.. 1: ' use !the, word " cosmetic" fin . terms of describing their; purpose ( ,

'2' orTis thatiyourLword?. >

,
,

L, 3 WITNESS RAU:' That's their word.
_= . ,

4 ' JUDGE BRENNER |'Can you tell-me who particularly?.'

.

.5- - WITNESS;.RAU:' I don't recall which one,;I can' +

, .

I 6 tell you who was in the room when it was said.-,

j 7 JUDGE BRENNER ' Is it going to be a long list?
,

i< 8' WITNESS RAU: tit may not even be. complete but my- ,

!-
9' recollection is that Mr. Matthews .was there, . consultant

10 , Wallace, I think Mr. Beshouril was there. . . . .
t

| 11 JUDGE BRENNER:- What was the last name?!
L

( 12 WITNESS RAU: Beshouri, Craig Beshouri,.an,d maybe ;

13 Mr. Lowery, I'm not sure about Lowery.
,

'

.

' "14 JUDGE BRENNER: This was a particular meeting

15 that you recall? $

16 WITNESS RAU: Yes, sir. s

17 JUDGE BRENNER: Do you know when it was roughly, ;

18 or exactly?

| 19 WITNESS RAU: It was at our offices ' this summer, ;

20 probably after June, so July-August,.nomething like that.
'

21 Wait a second, that can't be right because we

i
22 didn't know about weld repairs until the end of August so it ,

23 had to be soon after we discovered the weld repairs at the |

.() 24 end of August so it would have been very soon thereaf ter, '

25 probably the last week in August, first week of September. I
I

i

,

f
s 5

5

> - - - - - - - - - - - - _ _ _ _ _ _ _ - - - - _ _ . - _ . - - _ - . --. ___ - - _ _ _ _ _ - - _ _ - - -- - ----._- --
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'AGBagb1 'l; BY MR. DYNNER:-

2. Q Dr.-Bush-"in your written testimony,7your'

,g

h ); 3 supplemental . testimony, ;you ' referred - to Section 3 of the,

p< 4~ ?ASME. code and,,while pointing outtthat it-wasn't directly,

5 | applicable to emergency diesel generators,zyou mentioned the

'6 fact that under-that code _the crack-like defectsLwould be-
|-

7 required to be removed.

8 A (Witness Bush) That's correct.

9 Q ~Given your analogy or, reference to;the ASME code

10 in that respect, may I ask whether you_would< recommend that

11 in the EDGs at Shoreham that these cracks in the ' cam gallery-

12 area should first be removed before the EDGs' go into I

13 operation?

O' 14 A No, I think my testimony indicates that'whereas
1

15 by and large I do not care for such cracks that if

16 appropriate instrumentation is used in the case of'the 101 +

17 and 102 cam galleries that this would be considered
'

18 acceptable.

19 Q Well what -- .

20 A (Witness Rau) Can I add something to that point

21 or are you --
,

22 O Well I would just like to follow up with Dr. Bush

23 a moment, Dr. Rau, and then I would be glad to hear from

O' 24 you.

25 Dr. Bush, wouldn' t it give you a higher level of

,

*
1

|

|
1

__ _.__ ____-______ _________ _ ._ ___ m____- _ _ _ _ _ _ - _ - _ - _ _ _ - _ _ _ _ _ ____-__-_oA+=sw
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' " 'AGBagb 'l confidence ' and wouldn' t 'it be rmore ' conservative in this -case !
'l

2 to actually-remove the cracks, find out what's there and- j
,

( } 3 then, -if appropriate,1 weld ' them shut properly or repair them

'4 properly before they go into operation?

5 -A (Witness Bush) .Not necessarily. In fact,

6 sometimes repeated weld repair degrades the material more

7 than the presence of a ' crack.

8 I did ' not cite Section 11 because of - the nature

9 of it but in fact we have an operating code that explicitly-

10 permits the continued existence of flaws, not cracks, in

i 11 pressure boundary components of nuclear systems provided

12 they have been~ adequately evaluated and this is accepted by

13 the NRC. So you have to look at each one on a case-by-case
l '

14 basis.A

15 0 Is it your opinion that removal of the weld i

16 material in order to establish whether or not there are

17 cracks underneath the welds on 101 and 102 would be

18 injurious to the blocks?

19 A It conceivably could be, that's correct.
,

20 0 Would it necessarily be?

21 A No.

22 0 And if it were done properly and you found that

23 there indeed were cracks below then that would give you an

() 24 opportunity to properly grind out those cracks and properly

25 repair them, wouldn't it?

,

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

:AGBagb 1:1' ^ 7 C. - MR. ELLIS ' Objection, form of the^ question. -It :,
-

'2 assume that' --:if I mfxe my objection too explicit, Judge,.I.
~

-
.

,
.

w
{, mayMll'th*owitness-j''3-

\
3 .4 JUDGE:BRENNE[:I I'm going to overrule it partly '

,

'

' 5e for-that' reason. bs e
;r -r. w-;, s-

,'# 6: WITNESS BUSil -I had thought I had answered this-

7 question. - Perhaps you' had bet!ter . state it..again so I can -*
.

.L '. .9 4.-..

see if I a,E answering somethihg* different.- 8
,.- s , v. t -

.

i% .n
9 k,, ,*M k DYNNER: Sure. It is.a hypothetical.

&, ;2-j; 1C D* B 'MR. DYNSER:

-

,
'

-

s, 7, ,

M . 41' O If you remove the weld material in the cracks of -
*p' n, .

101 ' and 102 blocks an-8 you found that there were indeed12 o
, ~. '+

I
_

N
. 13 , cracks underneath I.he weld material, that would give you an

opportunity to'gri (nd ontet. hose an,d. properly repair them,
" ' ' '

,, .

''
14

. n. ..

- .,

15 wouldn't it? . -

16 .A (Witness Bush) Obviously the answer is
- .

17. hypothetj,cally yes. If you hapben to do an ideal' weld
-

.%" ' '/ ' (* ,

18 preparation pr pre-weld prepara[cion and did indeed remove

.j- 19 all of the crack and 'you alsd'did the welding process under
,20 an idealized condition, it is possible, if truly idealized~3,,

, s
*

21 that you would have a less degraded situation than you do,,

-..
22 now.

"

*.
,

s*
23 ,O When you say'"truly 13Aalized" do you mean --,

* v, -

2 - f4,. A I mean "try);y idenlized." I mean that I would,
.- v ,; - , . < - 2,,

25' .have to adequately centrel'the level of preheat, I would'

gy ,s - j ,

j? . -, ,

-

j A #h
, ., s , e. , y,
') $- -h' ,-

kh
, ,, -

* 'm s
,

~ *
r }s f. ,r &* *.j, ,u .o .j *'

..$,
'

. *s
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'

E GBagbi :1? .want----]I|:wouldtrequirefpostheat on it,J-I would require >A

+ - ;2; ,fwelderJcertification,;.I.would want:the characteristics of
^ ~

,

:; -~s :
'

(j !3. Ethe -weld !o' eration, JI1would want -- I would probably require-?p
'

- !41 ; peening .on . each bea'd, / things - of- that ; nature.- | There are

Labout-six or:eight or: ten: steps;that.oneiwould have to;go(5 J

~

6. through|on.there.and.in'a:. limited-access area ~I would not-

57 characterize:this asLbeing simple.- =

~ JUDGE BRENNER . 'Mr. ; Dynner,[Iithink you havei8
,

9- moved beyond thelpoint where Dr..Rau had. wanted to comment. ;

10- .MR.-DYNNER: Yes. I.'m sorry,-~I was about to move ;

11 ; en and suggest ' if Dr. Rau ~. wishes to colument -- -

12 ' JUDGE BRENNER:. I want to get Dr." Anderson'a view ~-

13 . of your questions of Dr. Bush, too, after Dr. Rau.
>

* 14 M R'. DYNNER: Yes,'' sir. l

15 WITNESS RAU: Well the.first point I wanted't'o

~ i
16 make I think Dr. Bush commented'upon,.and that is that'ASME

t

17 Section 3 for those components which is applicable is a -f
t

18 design code. When flaws or cracks are detected in' ' service

19 it is in fact Section 11 which requires an evaluation -- i

20 and/or the removal, but you don't have to remove'it, it'
,

.

121 allows an evaluation and then continued operation so long as ;
L

22 those periodic inspections or other means indicate that the .

~

-23 cracks will'-not extend to unacceptable size. So-it's not |

0. 24 necessary that the ASME code that would apply to nuclear
;

'25 . components requires removal of flaws. i
;

j>

'!
i

,

+.

1
i

-, ...iw'.. . - . _ , , .-..m.,_,~.-.,,____..M.~,,..--,~_,.-,...--.~._.m.~-,-,-.,--..,-.,c , ,_.. ~,w .---..,.
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,jAGBagb,,t
+

,

. D l- y- .With? regard;to-the--lattertarea you. moved into,_

V % - 2! .. t that7 is',. would it ' be' more conserva'tivef to : grind out repair.-

'
. x ; K$

' iwelds 'in ::101 and i102,1 I wouldL' agree L completely with Dr. ? Bush
,

.
-3

. , . ,.

-

_

.that.itiis>'not'necessarily more; conservative'.to.doEso.1'The-4 E :

15 . analyses an'd: measurements ~_are clearly indicative"tha't-

'f ' V 16 the'' indications 1areHnotagoingitoiextendJin that. area,Ethey
'

-

p. ..

' '"(f .wouldcnotiex end:even,if.they;were asideep as,in the '
.

h, ,% ,

8 - . original-103, they would not ex' tend--even if~the' material'
~

N '

-9 ? properties were .as bad (as the.Loriginal- 103J and- none of those~

'10 - ..conservetive predicates are' met.
.yy

~

11j C But more'important than that I alco; agree'with' .

.

12 Dr. Bush that.. if you ghind out welds 7you are going /to' have a7

i .
.-

13 hole which-is deeper than-the original weld --Lor'you:may-"

~

14- have 'a hole which is qdeeper than the original wel'd and then
~'- ~( (- ,

15y :when you' fill it back 'up again if ~ in fact you get any weld

*
. 16 shrinkage cracks-.in the heat-affected' zone, which.it is

L- ' 17- entirely possible you might do, you could end-up.with crack..
4 s .

' ' 18 indications that are even larger than-those.which you have
19 attemped to remove.

*
.

s
. .

20 Inaddition:to(thattherearethe' substantial,

i

21 p actica,1 difficulties.or considering such a repair'givenc

b [ .2j ' the-requ'.iements that would be necessary in an attempt to

23 get.a sound repair-weld.

'24 ',~Dr. Bush 'has ; correctly indicated he would require.

j
i25: ~ extensive preheat over an extensive area, and in the. "

, . , ,

: ,; * .
,

. . . ,

'

.j d[ $2-. *^ 's
. , ,

-

yp. s

tw-
y- r ;

. m

- 6 ,

ik:
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AGBagb 1( . assemble'd ' engine ' th'is'.wouldL require ~ bksically taking

S
'

'

?2 'everything:Tapartiandiit may: even .requ' ire, you know,' taking

31 !the blockLaway~and turning;.it.;over.onlits sider it'isfa_very
~

'

~ 4 --very:- "it-is.not:aftrivialioperation~by any means and there.

; 5. -is"noiguarantees that unless tremen'dous carefis taken that,
'

:
.

6 you will: end ;upfwith a flaw-freeirepair ' weld .ini this area.

-7. BY.MR. DYNNER:
"

;8- Q 'Just~one; follow up 1Dr'LRaut-
.

, .

'

. 9 You. mentioned that:there'wouldLbe the' possibility
~

-

- 10 ' of winding: up with weldL shrinkage .. cracks even -larger than +

111 you have now,-was that-what you said?;
'

12- A' (Witness Rau)' Yes,' sir.-

13 Q _Would' you be concerned about that? '
..

' '-

14 A' No , but I~seerno point;to introduce' larger-

15 defects than you already.have.

16 MR. DYNNER: I am moving on to another area,

17 Judge.
.

18 JUDGE BRENNER: Dr. Anderson, would you recommend

4 19 that as a remedy the welds in 101 and 102 ' cam galleries be

20 ground out?'

21 WITNESS ANDERSON: I think that's a possibility.

22 I am not- as afraid of welding as my colleagues are. I think-

, .

23- that'it can be done - -under' controlled conditions can be

- 24 done very, very nicely...

,,

25 I'still think there should be more analysis of
,

t

.y ..

m
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iAGBagb/ Il- the old 103 before; making a decision....-For example, the'103

.2~ -could-give:us the' residua'l stress data that we require,ithe
.

fm.
3- fracture . surface ' could be. analyzed by. X--ray.

4 .. I think that if you have done the. analysis.

-5- completely as we have suggested then you would make that

6 determination.. And if the determination was~.to. repair it,

7 then it.could be done' economically.

8

9
e-

10

11-

. 12-

13 *

.-

1,s

15

16

17

18

19

20

21

22

23

0 u..

25
t

'

. i

'

1.

[
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AGBeb , l' JUDGE BRENNER ' "Wou'ld'gr'inding out the welds an'd

2' repairing them'in the. cam gallery' areas be preferable to-

)[ 31 strain. gaging.the cam galleries on~a continuous basis ~as

4 recommended by Dr.: Bush?

.5 WITNESS ANDERSON: I' guess I have problems with--

6 that. I' don't want to say anything to undermineLthe
~

'

7 ' recommendation about strain gaging but'I think there has to

8 beEsome preparatory work that.are givens, and that is to

9 -finish the other. things and test it with the strain gage on
.

; <10- it, and then keep them on as continual instrumentation.
.

| 11- So I do recommend that, but you have to-do some

12 other things first.

13 BY'MR. DYNNER:
_

- 14 O Let me just follow up on-that for a minute with

15 you, Dr. Anderson.
.

16 . As I recall, yesterday you were asked a question

17 by Mr. Ellis about your view of the strain gaging and how

18 it would affect your concerns. Aside from what you

19 expressed concerning the advantages of monitoring the cam

20 gallery cracks through strain gaging, would you have other

21 concerns before you would want to see these blocks put into

22 service?

23 MR. ELLIS: I object because it didn't properly

.I ) 24 ch'aracterize the opinion he gave yesterday, and I object.-LI4

25 -think it is opening the door to change that, and I object

_

..
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AGBebt 1 ; vigorously.

.2y
_ ' JUDGE' .BRENNER . Isdon't think he properly-

)- '

} b .characteEiz'ed 'itL 'either, but I am; going to dallow the -

,

- 4 question becau'se I think' he is' entitled to open the door, ..as:-

,
.

' '

5 s.you say.- Let''s see_what he"says today, and if_it'is

.6 different, that:will play.a:part in our evaluation of the

'7. testimony'also.
,

| 'S. ' WITNESS ~ ANDERSON: :Ok'ay. IAs'I believe I.said;
- z!.

9 yesterday,_.the_ strain gaging I believe is valuable. 'I.want

10 ultrasonicLprofiling'or I want-appropriate - .TSI would be
~

11 appropriate -- depth of cracks'. _But that of course comes.

12 after we' ve done all these otherithings ' that :I've ' been-
~

f -13 elaborating on.

L|([) -

- 14 As I've .said,' I am unconvinced that 101 and 102
f

15 metallography.has been done properly. I would like.to.have'
i

.

16 metallography in the cam gallery regions because there'is
~

17j nothing within several feet that har been examined there.

18 That's non-destructive, because it could be done by
.,

19 transfers as was done on the-block top.

20 I would like to have the residual stresses for;
. ,

21 old 103 examined in the cam gallery area. - I th' ink that is

-22 important and that will put to rest'a significantLeoncern.

,;.
.23 And I would like to have the surface of the crack:

.

,1 - -124 in the cam galleries of the old 103 examined by 'x-ray to
12 5 determine whether it is a growing crack, progressive, or

.

-

.

_

N

-y .swe,. ...r- ., e . .ar d -r'*nt*-U we-w-++Wd' -"'-*^?'



c . ;
- e - -

j % -
i)i

,

k. -.,
,

!,- . . . , s,
, , , > g

.i
' -|,w

~

<9070~09~03 26768:
_

'AGBeb ili -;whether it. waslan original crackbthat hasn' t moved Efrom the'-
-

'2; | time that- th'e i fabrication . occurred. . "

'

(M[ '3 . A'nd then I' would- encourage. the.-use of strain
. +

,
, . ?

. . . , .:

,
- ,

. gaging'as?ati operational; control.1 4; :

:
5 . MR. .J DYNNER: ' Unless you have :any f'ollow-up;[I .am. 2

~

6' going to move on toia'related area. 'ILam going-~to'

-7 . distribute some very-~

8 .I 'm sorry, ' Judge.
~

:9 ' JUDGE MORRIS: Excuse ~me, Mr.-Dynner.1
.

'10 : I' thought we had1some-testimony.yesterdayson the.
~

_.

11'- value ''of ~ measuring residual' stress in 103 | asDit might be.- *

12 applied:to 101' and 102. Do any of. the witnesses | recall

13 that?'

- 14 WITNESS BUSH: I.believe-;I made some comments

15 that I would have some ' reservations because 'of .the .different

16 morphology and the different' levels of strength, as to

17. whether one could extrapolate -from 103 to 101~ and 102,-

18 because I am presuming--

19 Well, the first assumption is that we indeed know '
~

| 20 the actual strength of 103, and by inference we know the
!.

! 21 strength of 101 and 102. If they are substantially ;

- 22 different,. I would anticipate' that would have' a substantial
!

23- effect on the residual stress.,

'

; .
24 JUDGE MORRIS: Would the fact that 103 is also

25 the degenerate.Widmanstaetten graphite also affect--
'

1

- w

V

h

. ,

4
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- 'AGBeb- :17 WITNESS BUSH:- That's basically- ' That'. ties to-

:
s

- ? .

' - -2> - the degraded mechanical. properties. ~ And Iidori' t Know howf to
'

s

. m;
~

-

g. - 3" ~ extrapolate |fromLthatLcondition n'ecessarily2 to the others on'

-4 - there. -- -
^

5 Now if one could prove ~that'similar conditions ~.
.

L- ~

- 6 - existed in'101 an'd 102, then thefaituation would be-

-7 "different. I don'.t think that has been proven, but:I| guess:

.8- - I would:have to'sayLit hasn'.t been unequivocally disproven
~

9 either.
o

; - 10 ~ JUDGE MORRIS: Dr. Rau?

- 11 WITNESS RAU: Yes,'' Judge Morris, I had some
j-

12 -comments yesterday'on that same matter. And at that time -;

,: .

13 what I said was that the . presence of' the deep -- much deeper~

,

14- cam gallery casting ' shrinkage cracks -in the original 103 has -

1 15- already resulted :in a substantial relaxation in whatever
~

[ 16 residual stresses, both tensile and compressive, that would
i

17 have been-there prior to the' formation, and that any

18 measurements now would be, in my opinio'n, of -limited value
.

' ~

19 because you would be only evaluating those very
;

20 substantially relaxed residual stresses. And that would not;

1. 21 provide any)useful information with regard to residual
i

22 stresses in 101 and 102 that would be there with much
. 23 shallower cracks or no cracks.

24~ JUDGE MORRIS: Dr. Anderson, do you want to7

25 respond?
1,

; -

-

-

w = w ,e s pe ye - ,r----= --n-m.=- te = a ny, ,3-a es ew e **rer--re'8 t *- e e + w w "r-er--'4t v vw-r4s***w--v9' aM w * *e e wi * v v -+ th= eww er tw sv'Mw"we"W**PF-"*
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'AGBeb' 1- WITNESSLANDERSON:. If we' did rit,o it would be: the
.

2 Lonly -information we. have with respect toiresidual stresses,
.,m .

1 )- 3 andLI:think that would be valuable. _
.

v'

4 - [ JUDGE MORRIS:. Thank you.-
'

'

5 BY'MR. DYNNER:
,

~

6 O Just,to follow.up;on_ Judge Morris''~~ questions,

7 Dr. Bush,.it-is'true,-isn't it,'that in fact the strain gage

8 . testing that'FaAA performed onJthe block: top was done on the

9 original.103 block'which had the Widmanstaetten graphite on
,

10. it,'and-that'they then transferred _the.re'aults of that

11 strain gage testing to apply them to 101-and 102's' block?

12 Isn't that correct?
4

13 A (Witness Bush) 'Yes, but we're talking about'two

'- 14 totally different things.
-

:
15 0 Well, what my confusion is, and perhaps you.and

16 Dr. Rau could clear it up, I thought that you expressed that
,

17~ there might be some difficulty in doing the ' strain gage_,

18 residual stress analysis on the original 103 bicek and then

19 using those results on 101 and 102 because 103 had

20 Widmanstaetten graphite.
.

21 Was I correct on that?

22 A Working backward from the Widmanstaetten graphite

23 to the very low mechanical properties on the thing, and

24 let's assume even that it had not relaxed in the area or-

25 let's argue that there's a portion of the cam gallery where'
i

.

!
'

_ - . _ - . . _ . . . ~ _ _.- . _ _ ~ - . _ _ . , - - . . _ _ _ . . .
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'\GBeb - 'l there is:no-cracking but onefcould-infer that'there are.
|

2 substantial residual-. stresses because ' of changes in. d
. ,m .

~

{_). 3 . cross-sections and things of that nature, and:1et's put

.4 gages -in . and do either a. drilling procedure J or a.

5 chip-removal procedure to-find it, neither of which probably

6 is'very-accurate'with gray irons, -- that's one . of the

7 problems --- one might be able to' get some information'in

8 th'at respect.

9 But because of -the fact that awe have much lower -

10 ultimate tensile strengths, .I don' t think I could usei that~

information'to infer wh't the_ potential ~ residual stresses11' a,

12. would be in the'101 and the 102. That's my difficulty.-

13 Q -Dr. Rau,--

1 ~ O 14 JUDGE BRENNER: Wait a minute.

15 MR. DYNNER: I'm sorry..

I 16 JUDGE BRENNER: I don't think-- Well, I 'm not

! 17. sure you asked the question but -I think the question'.that

18 Mr. Dynner meant to ask is why is it not similarly invalid

19 when talking about the block top strain gaging on the old

20 103 and applying those results to the 101 and 102 blocks?<

21 WITNESS BUSH: I think we're talking-- As I

22 . interpret what we're talking about-on the top of the block

L23 insofar as strain gaging is concerned, we are talking about
,

~

24 measuring to establish the initiation of the crack, so we're

25 talking of measuring a load stress that exists either

1-

!

. _. _ - , , . . . , . . . -- ,
,_u- , . _ - _ _ . . _ _ _ ;- . _ . . . , . - , _ _ ,, ,
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'AGBebg ils.-
.. - . . .

'because Lof- the'~ bolt-.uplor becaus'e ofJthe1 operation:L there.
~

'

'2: 1What.'one:can'do;'we'can..now take a strain'
.

-.7 -. -
. . . . . . .. . ..

, ~ +~

.- '

:3- . measurement?-:which is what it reallyfis:in:this' instance,. (~ . .-

.

;4 !and convert-it.to a: stress at"that' localized area,:and..we:
~

'
-

;
'

?5 - . caniinfer -- we[canideliberately[ degrade. the ' properties Lon
~

,7
.. .. . - .1 . '

-6 : the - basis of thatD strain measu'rement because of . th'e loads, :*

-

.

7~ -and infer something' with regard . to - the '.iriitiatio~n of- the .
~

~8- crack.
_

b .9 That's what I visualize could bel:done |in the one
L.

11 0. instance,J and _ in . fact that's basically: what gets used .-in .the''

; . 11' Goodman diagram..

12 I think this other situation is the' add-on factor: .

.
. .

. i
.

13- in this~particular area, and I don' t know how to make the''

:O2
.

14 jump, in the case. of ' residual stre' ses, from a material-. ofs
,

~

| 15 grossly degraded properties.to-another one.' That's my~ '

~

; 16- difficulty I' guess.
i'

q - 17-. JUDGE MORRIS: .Wel1, isn't it true, Dr. Bush,
,

18- that no measurements of residual stress were made on the

'19 block?-
L-

-20 ' WITNESS BUSH: I know of absolutely .no

21 measurements of residual stress on any of the blocks.-
A

- 22~ BY MR..DYNNER: *

'
,

23- Q ; Dr. Rau, I was going to ask you the same
- i

24 - question..

t

'

. 25- MR.,ELLIS: He asked-- I beg your: pardon.
; -

,

- -

1

<s .

- -ev r yet, 2 69-v, =- up e r, 1 w.e--se e.gy , e p.s, -W -e,v-,vwir f.we---we- ---o--uew rw w- T *re e r - +- se w e m p-- -r 4 ewme - e W e - * 'a.*-+eN e w us' r w -w t "4' -
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AGBeb 1) - WITNESS:RAU: I 'm n'ot sure that came across that

. 2 - clearly.

( J- :3 There 1are -- only ; two reasons why the ' degraded>

4 - properties of the . original 103 block' would affect : strain

5 gage measurements, either' to record; live operational:

6 stresses or residual stresses. 'They:are either the presence-

7- of ia- crack which might . not be .present in a better material , .

8 and:the crack,'obviously being present, would modify or-

9 relax any residual : stresses and wouldL similarly modify. any.

10 operational stresses in . ways which- can be calculated.
'

11 The only other:way in'which there.is any impact-

12 whatsoever of the differences in materials properties are- if

13 in fact there is yielding or plasticity 'incthe metal. . In
,p,

U 14 other words, if all the strains or stresses are elastic,

15 that is, loads put on and loads taken off, then the : strain

16 gage measurements are completely appropriato no matter where

17 . they are taken or whether they're taken in Widmanstaetten

18 --~a degenerate Widmanstaetten structure or conventional

19. gray cast iron.

20 I f, however, the magnitude of the stresses

21 exceeds the yield strength of the cast iron and if in fact

22 the yield strength is significantly different between the

23 degraded properties in 103 and the original or typical Class

24 -40 gray' iron properties, then you get different amounts of
25 plasticity in the weaker material than in the other.

|
.

.

'
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( AG'Beb |, , :lt' > Now : thatiwould in ffact | modify the| magn'itude. of.
.y . : ., . , _ - < ,, , , . = s % ~

M iw

N L_. 1 - -2< Eresidual! stresses ih an region like t the ; cam igallery.|.where the -
.

a[]4
.

'
~

3) Tstresses,and.1strainsparefvery large..(In the~ block. top
m'

Q -: . region,twhere'th'e1 strains ~areielasticbelow-the:yieldlevel!;

-

35: even . off the? degenerate 1Widmanstaetten. graphite structure, -it ~
'

.
~

6' . is'not going.to.have a substant'ialilmpact'on the.-
-

.

- 7: measurements one way or the other.-

-8 ~I.should a'Isoiindicate t ataeven-inithe. cam
'

,

59L . gallery,:that fact'alonei although it wouldicomplicate--~

'

'

10 things, - :. and Dr. Bush ' is Lquite J rig' E,' it. would | make c.less :.

-

11~ -precise any number. you may1 have measured :-- . the strain,'
'

12 residuti .' strains would not. be markedly Laffe'cted by the

13 ~ degenerate' Widmanstaetteri properties which modify the
-

'

14 strength, but the' corresponding; stresses,.to the exEent they'

15 were :in excess of the material's yield. strength, could be-

16 modified by'the presence of the deg'enerate properties.1

17 So to make a long story short, on the block top

18- where the strains are low,. . it is going - to have no : impact
'

19 whatsoever except.as the corrections-for etress"are: required

' 20- by :the 'different elastic constants of typical gray iron, or-

21 degenerate, as we have done.

22 In the cam gallery area, there would beJan effect

23 on stresse's, residual stresses, due to the differences in
'

.. >

g . 24-' yielding if~ measurements were made on the degenerate

25 Widmanstaetten structure versus a typical one, but the

-

E

. '

,
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;AGBebi l'. strains:would be-close.- They wouldn' tL.be exactly the same.: '' :
,

,

,

12" They'would' be! close. andly~ou could ' ther.efore ' infer what' th'e-
;f , .

residual 1-stressesTwere,iflin; fact you had. measured the

~

,

;-y . .3-
~

c
'

].

- , " -4- -strains'.- - t

'
~

5' LJUDGE BRENNER:L Dr. Rau,L in light Lof whati you.

" 16 just said, tell me again:whyiit would be valid toLtake t
.

7! -: strain .' gage readings-Jof theJ new 103 Ecam ! gallery : area arid

8' i apply those.to' draw | conclusions'about the situation with'
'

- '
..

-9 frespect'to the!10liand the 102;| cam gallery regions.- ;

110 JUDGE BRENNER:- Yes, Judge.Brenner,-'it's. exactly-

'11.
.. .

. the.same. reasons.,

i
,

; '12 The' live or.the operational stresses measured'in
<

j> 13 the cam gallery of the replacement.103.are elastic, e in~ 'other-.

L
- 14 - words they are relatively low. compared to the strains well

:

15 in excess of yield.' And basically I don't; expect-
,

j 16 substantial differences in the strain-- Well, in fact th'e ~
p
; 17 it's even-- Let me do it in two steps:-

18 What I just said is true. -In addition to that,.
,

~19 ' the fact that'the stresses are relatively low and' elastic in4

; _20 the operational range, the materials properties'of
j '

: - 21 . replacement'103 and the original 101 and 102 are different
|
' 22 in strength but they are not significantly different in

.
23' exastic modulus or stiffness.

t.
.

;
- 2 24 ~So when you reasure strain you have to go through

_

,

25 the elastic modulus or stiffness to calculate stress. There-;

!

I'
.;

$

i..
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N iAGBeb 1- ? was a' significant fdifference inj the : stiffness of the
~

-

-

f" '2 ' orig'inal. -103 w'ith the 'd'egenerate Widmanstaetten structur'e,'
-

.

^

3 =but there is'not a-significant' difference 1in the stiffness
'

'

'4 o'f 101- and 102 - versus1the stiffness of the - replacement 103.

5- -'Could I I'm sorry.;--

6 - JUDGE BRENNER . I'm sorry.- Go ahead. '

.

. t

7 . WITNESS RAU: . For that' reason, i he stresses which ~ it

~

8 are computed from the measured strains on the replacement

9 are appropritae when calculated using-the appropriate-

10 . elastic modulus or stiffness for 101:and 102,

11 ~ JUDGE BRENNER: One of.the other reasons for a

12 potential _ difference, though, that .you discu'ssed, although

13 in the context of the old.103 block, was the difference in

14 the cracks. And how about that in terms of applying-

15 information, the operational strain gage readings from the
. .

16 new 103 block?

17 WITNESS RAU: Yeni Judge Brenner. '

18 JUDGE BRENNER: I know we've asked about that

19 again, but!I-want to get it right here with your other-

20 statement.

21 WITNESS RAU: Surely.
'

22 The measurements in the replacement 103, which

23 basically don' t have any substantial depth cracks, those

I) . 24 strains and the corresponding stresses are appropriate for
,

! 25 an uncracked cam gallery. They would be appropriate for an
,

:
,

- ,

.--m- m.,,,-. ~, --.mma,.,,-,,4.,,,.m.,,+,,n,c,,,w.,,,,m,w-m,,-,,,.--,-nn,-,,,m,wa,,,,,,,,-, ,. .,-,,-n-.,,, -
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.AGBeb 1 uncracked cam gallery whether thatjcam gallery were 101, 102. ;
^

2 or replacenent 103.-

j.3
t ,) ; '3- 'The presence , of the repair weld . shrinkage cracks

4- in 101 and_102 will have -an effect on .the local- distribution
5 of| stresses that rAsults due to 'the presence 'of those weld

6 shrinkage cracks in what would otherwise have been the

7 strain or stress field _ measured in the-replacement 103.

8 In other words, the measurement is_ appropriate as

9 if there was no crack. When the crackJis introduced you

10 have to, by calculation, infer what the effect of the crack

'
11 would be in the stresses and the strains which were measured

12 to be there'without the crack.

13
.

14

15

16

17

18

19

20

21

! 22

23<

i* 24
|

25
!

|

!

!
!

. _ . , . , . . . . , . _ _ _ _ _ _ . . . . , , _ . , . . _ _ . . . , _ . _ _ , _ . . . . , _ _ _ . _ . , , _ . . _ _ , , . _ _ _ _ _ . _-
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AGBagb: ~l' -I hope 1.IIam, making.myselfsclear.- ItLisLa'

,

~

2_ standard fprocedure"to Lealculate the ' impact of the c erack.- .I:

!3 would'certainly:- :Ma be'it would'be: clear.L.this way
,

If you ' p' t'_a:: str$1n Lgage Lon fl0i:and 1024 u
'~

15- immediately adjacent to one.o$ the horizontal crack
'

6 indicatiions on the _ cam gallery, you ,would .not - measure .on the
.

'

E

^7 surface immediately adjacent toLthat crack the same-strain ~ -

8 or. stress that.you measured;in-replacement lO'3. because ~of '

9 the' presence of the: crack. Sutyoucouldcomputeexactly:
10 - what: the strain .would .be on 101 or 102 with: the crack from-

11 the knowledge of how deep the crack was' and the knowle'dge_ of;
~

12 what the stresses'and strains were in the replacement 103'as

13 measured without the crack.

14 So the're is a very straightforward scientific

15 relationship between them. So a measurement, if you like,

16 on either one could be used to infer the strain on the other.
17 if you know what the crack size it.

~

18 JUDGE BRENNER: Now you could follow that same

19 - - procedure from the original 103 block to the old 101 and 102

20 block also, couldn't you?-

'21 WITNESS RAU: You asked me if we made strain gage

22 measurements on the old 103 while it was operational?

23 JUDGE BRENNER: No, I switched subjects slightly

-( } 24 and assumed -you would take care of i t in your answer but I ,

25 wasn't clear enough.
,
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- fAGBa'gbl 'l_ Why'couldn't you' follow.thatisame process if.you-
~

2E destructively.measu' red the residual stre'ss in the original h;
;

y 7- t3 - 103.blockfas-suggested:by Dr.-Anderson?.
.

'

, 1 5
^

4' i And I 'm' askin~g because' the : assigned the-

..

5' differences -in' the cracking; as .on'e .of the reasons . as . to..why -<

6 you: thought'that.those measurements would-not be-

?- 7 a'pplicable. . [I have ' not |forgotiten ' that-|you also' had : Sther

.8 . reasons.

9 WITNESS'RAU:- Yes,-let me try to explain'that.-

10 Theoretically if .you'.ve gotf a deep crack' in th'e
,

11 - cam ' gallery, of: the' original .103 and the residual te'nsile-

e

12 stresses.out.by the repair Weld and the' residual compressive
.

13 stre'ases below it have been relaxed somewhat by.;the cracking

14 process', but not relaxed all.the.way to zero.- Then
~

_

15 theoretically you could measure those~1ower level of

~16 . residual stresses and-reconstruct analytically what the

17 totality of the residual stresses might have been prior :to

18 the formation of the crack. ' Theoretically that's possible.

19 The difficulty is in the limit where those '

20 stresses have been relaxed to zero-you are extrapolating an:

21 awful long distance and a little bit of error in your

22 measurement of variant small stresses trying to extrapolate

23 'up to the very large residual-stresses that-were there

24 before the crack formed will lead to enormous experimental ~ -

'25 error in that extrapolation.
,

r- ,,

,-m - -,4 . .-,... - -- ,-------.~r.,-.--,,-. r . . . - . . -- . ....-.-.--,....-,-,.~m,m,--,.r.------
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.

LSo Lit's not/ that' it; is;not' theoretically possible ~- ,

_
. . . .

.. .
,

12:- !to;dolit, fit's:just,JI:believe,iimpractical.

Q[k:_ ,

3? -JUDGE.BRENNER: Sorry;fortthe long-' interruption.
, - -

a 4: J MR. . DYNNER: , ;Noi : that ' 's :L fine .- ItLwas'an a~rea,

s. s

5 ~ that Ilwas[ attempting.to; explore 1with:lessysuccess'than you-
,

'6 lave because[my questions'.weren'.t!asiclear.2 '

'7 - BY.: MR~. DYNNER: - ,

'

'

8'
~

Q 1Dr.:Rau, it's!true",c ian't it,tthattthere are some'

9 cracks in',the cam" gallery sadd3As .of the old 'l'03 ' block that

10 =are much less' deep than the' 8 and--.9 inch' cracks that we're.

'll- found to exist when'. some--of the ~ saddles were' sectioned,'

- 12= -isn'.tLthat right? '
-

13 Or.Dr. Wachob, if:you Know?.

. .14 .A (Witness Rau) I don't know what you mean by very
.

15 much shallower but there -certainly are: cam gallery --

16 indications which are shallower than. 9.. I: remember.some-

17 ~down like, you know, .7. There may be some: shallower than:.

18 that, I don't recall them off the top of my head.
.

.

19 Q Do you recall, Dr. Wachob, that-there are TSI

20 depth gauge measurements of some of those cracks in some of

21 the cam gallery saddles of the old 103 block around .3 -in-

22: -depth;=do you-remember that?'

23 A (Witness Wachob) I don't remember the .3

24' . number. The number that sticks in.my mind for the lower.

25 crack' lengths' that we measured is about .5.

!
!

,

- 1 --

L

l'

I.
:

_.....4. - . .._- ,. _ _ _... _.._. .-,. , _ _...___.- ..._.,. .., ._......_ -._ ..._-_ . _ _..___.,.._._
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_ AGBagb6 ?l( _ , f Q-.. ; I ,'m: talking |abouti crack depth, -

|

~

'

2' ' A'- 'I; understand'. 1 Crack depth'into:thefthing. My b</= '

--

+
_

, _ _

I don't':. remember:.3, sir.;13- :rememberance is .5.2
^

'

w b. N
.

. ..
!

a
-

1

..J -- s.e
.

.

.

- -

, . ! . .

5 ' follow-up questionLand that.ist-
, _

~ ,

; ' E6- -If you;weresgoing to do the;. kind ~ of, residual
~

'
- (7f ' stress test that Dr.7 Anderson suggested.!on";one'of)the~old-

. .

' '

p '8 ' cam' ~ saddles. from .one' ~of the old 103 blocks,p it Lwould be
4? '

19. .better:'tosuse a saddle 1with a shallower crack than one with' ~-

,-

,

,

| 10 a. deeper crack, is thatfcorrect? ;

_ 11- A. -(Witness Rau) That's correct, Mr. Dynner.. You
;

12 have~a'better' chance of inferringfs'omething reasonable from-
~

13 those measurements .with a ' half-inch deep crack' than you

14 would with one which is .9.

15 JUDGE BRENNER: I think that'.te.sh'ould give

16 Dr. Anderson and'then Dr. Bush - '_or vice-versa', it doesn't-

17 matter to me -- a chance to comment on what Dr. Rau stated,

18 I am' thinking particularly in response to my question, his
,

t

19 views that the operational strain. gage readings from the new

20 ~103 block could reasonably readily.be made applicable to the '

21 101 and 102 block as contrasted to the problems he discussed '

,

22 in applying the destructive-type strain gage -- the

23- destructive-type residual stress measurements of the

O 24 eriet e1 1oa d1ecx to etwer d1ocx -
'

-25 I-don't know if I said that right but I hope you

-

.y

L
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=AGBagb t al understand.

C -2 WITNESS: ANDERSON:.iDon't repeat it.--
'

'

}( | ?3? JUDGE :BRENNER: I won't.- : I' can ' t. - i"
~

-

;V .
' '

,

'4 < WITNESS 1 ANDERSON: _--;I;get the....'.,

5 nWelllI'dod't''think.thatl.the?new 103 istadequate:~

6 ito .7 represent th'eL101 and 102-because you have to take:into:'

,

-7: t account that :there = is a ' weld zthere, a different metal, and'
~

'8-. -.. it acts as=its:own stiffener:-;and; changes the~ surface
.

-9 properties that the; strain gages are looking_.at.- :I'do agree-

- 10 - , tliat 'the' elastic ~ modulus is simila'r in all cases.

-11 W I T N E S S :'B U'S H : I would have difficulty, as:IJsay,

12 still extrapolating because I think the strains we are-

13 talking about --

14. JUDGE BRENNER: Tell me what youlare

15 extrapolating from because we've got a few different-

16 situations we've talked about.

17 WITNESS BUSH: I would have trouble.

18 extrapolating from the 103 measurements to the 101'and 102

-19 measurements in the cam gallery with explicit reference to

20 the residual stresses.

21 I would agree completely --

22- JUDGE BRENNER: I'm sorry, Dr. Bush, which 103
:.
; 23 measurements?

( )-
"

H24 WITNESS BUSH: Pardon, the old 103. I think that

25 is suff_ciently explicit now.

r
i

,

'

<
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'I:wouldfagree completely that-if the strains.AGBagb| |1 '
'

:o
25 converted tolstresses were on! the L. low- side 'that f it woul'd=.be'~ '

]p ;V " 3- ;a preSise; overlap.- Wh'ere[I am ' concerned,2 of course, Lis; the-
.h ~+~ ~

.

-
~

;4 ! area . where we may; be imeasuring: a fictitiously olow residual" '

f5I stress and I don't kAow how'to handle that'situati~on.-
;6 -In- other twords, fif;Icwere converting and 'I' were,. -

.

1~ 'to come :up with. a '. residual stres's of, say, two;to three Ksii-7>

,

.

8 -- which''is-a.value that>I'wouldn't really be particularly.

_

,9 ' concerned about be'cause of ' the balance -- I would say yes.
~

10: If :I"were -- If ILanticipated thatithe residual stress would

Ibe-12 to 15 Kai,)I' don't,see any way_I'can get:it from'the-11
~

-12 103 blocki 'that's my problem.

~13 JUDGE BRENNER:- All right.

(' 14' What about Dr. Anderson's view that you cannot
.

15 -- or I'm not sure 'of his exact words, but he expressed his
~

16 view on. problems with' applying the operational strain gage

17 readings 'of the new 10'3 cam gallery area to the 101 and 102

18 because of .the stiffening effect .of the welds I guess on the-

19 101 and 102. -

,

20 WITNESS-BUSH: I don' t know about the stiffening

21 _ effect but the welds certainly have a very major effect on

22 the residual stresses before they crack so any relationship,

23 between an unwelded area and a welded area is almost

( ) 24 impossible to correlate in my experience.

[ 25 Admittedly in different materials a lot of my

i-
(
,

4
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. work' on residuali stressesi or examination has been in
.

_

"?AGBagb' 1

2 stainless' steels,Lbut if'I= infer!from tNose then I would~

,

("T 3 have a great deal of difficulty.
~

R J :..
4 . JUDGE BRENNER: Maybe.we,are mixing' terms andl

5 'I've lost it.. I . am . talking 'about-~the L strain' gage readings-

,

6. that:were'taken on the new.103 cam gallery area.- Are those
~

7 -- I thought 'those were not' direct measurements of residual;
.

'

'

8 satress.

9 ~ WITNESS BUSH- 'They.are not. )

-10 JUDGE BRENNER: 'All right.
~

11 Take those readings.. 'Can those be made
.

12 - applicable without problems to the 101- and 102 . cam gallery .

13 regions so that we could decide whether or not the stresses

() 14 were compressive? I

15 WITNESS BUSH: That-is a superposition on an

16 existing condition where we have a~ residual stress that has

17 an X value in.there, we can infer something about its

18 presence but I don' t know how to go from there to a welded [
!
'19 structure and indicate what -- the X plus some value goes in.

20 there, that's my difficulty.

21 I offhand can't think of doing it in a totally-

22 non-destructive method unless I can either heat treat the '

23 object and change it that way or destructively test it or

'( ) 24 maybe go to an X-ray defraction technique and do it. Those .

25 are the only three techniques, and I wouldn't trust the ,

;

.. . - , , - _ . . . _ - , _ , .-, _,_--,.m- , , , . - , . . _ _ . . _ . . . , , ..,.c , .. 7,, _ , , .. -.._.r . , _ , , , , _ - - ~
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AGBagb. 11. X-ray;defraction.

.2 JUDGE BRENNER . So Dr. Bush, then-what was the

3 Staff's purpose.inerecommending.that-LILCO perform the'

-4: strain L gaging - strain gage' testingf of the new 103 ' cam )

5 gallery. area?

6' ' WITNESS BUSH: .Not 'ir. .the context of. residual ,

7 stresses, that was ;to get ' an appreciation of :the, what I

8 would' call the compressive stresses. It started with the-

| 9 Lassumption there were no. cracks there'and what we were
!

10 ' attempting to.do was to.get a feel for|the loads as

' . 11. ' contrasted to the -- loads measured experimentally as.

12 contrasted to those that.had been-predicted' analytically for '

{. 13- a given operating condition, that was the basic reason. .

(). 14 JUDGE BRENNER: ~And why would those. readings be

|- 15 applicable to the 101 and 102 cam gallery? :
i

16 I thought Dr. Anderson said they would'not be f
-

. i

i 17 because of the presence of the weld material.

18 WITNESS BUSH: -Well I guess I-wouldn't depend-
:
'

19 that much on it, that's one reason that I have said I would
1

f ;M) like to have crack opening displacement gauges or wire
i

21 gauges >ecause I would like to see if there is a-movement in
i

j 22 that case, quite frankly.
.i

j 23 In other words, I think we have a complex !

,()' 24 situation here with the weldment with cracks in it in a !
f

25' complex geometry and with unknown bending moments and I
! :
i i

.

'

:

I

t

|
.

.
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.AGBagb. 1 would like -to have something .that would indicate .whetherL the
~

2- crack ~1s' essentially static under loading. conditions or

T(~') 3 whether 1tfappears to be moving, and that's the whole' reason
~

w-
4 .forLit.'.I don't-trust the analys'is that'much, that's the

~

5'' situation.

!6 JUDGE BRENNER: Well why did you recommend the

7 103 block then instead of doing the test on the 101_ block,
~

8 'for' example?

1) WITNESS BUSH: Because if I did it on the 101-and-

10 102 block with the existence of cracks, . I introduce a major

11 : unknown from a predictive point of view. What I am trying_

12 to do here is establish the loading conditions there because

13 as soon as I get a gauge'that is anywhere near a' crack I

f 14 will tend to perturb the values substantially. And if the -

15 crack moves.it makes it worse. So that wa's the b'asic reason

16 we picked 103.

17 JUDGE BRENNER: But wouldn't such a test on 101,

18 for. example, at least tell you whether the stresses would

19 remain compressive for the 101 block?

- 20 WITNESS BUSH: I would have difficulty --

21 JUDGE BRENNER: I'm talking about the cam gallery

22 of the 101 --

23 WITNESS BUSH: I am assuming you were talking

|(J' 24 about the cam gallery.

25 I guess the problem I have there is where to
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'AGBagb $ 1. 'putithe gauges that,would'give.me.what1I.would: consider-to,

~

2 be representative readings;in the presence of the cracks as
,

(N' .

-

/ 13- such, that's.myldifficulty.>,

)1
.

~4 In o-her words,-it gets to be a' complex problem.

-5= Now Dr..Rau.may,be'abl'e to expand on-;it, . but I guessJif.I-

|
6 saw the values and I have'neen th'em near cracks I would have ,

7 'to-ask myself.are they valid numbers or not, that's my "

,

8 difficulty.
.

9 WITNESS RAU: I think there is'some confusion. *

10 over the residual or live stresses..'The measurements of

11 live or operational. stresses on the replacement 103 are-

12 directly applicable and with no reservations in my opinion-

13 whatsoever to 101,' 102. However that is a completely.

f() 14 separate issue from the residual stresses introducedc--

15 JUDGE BRENNER 'Let me stop you there, if I

16 might. Hold your thought.

17 Dr. Bush, do'you agree or disagree with that

18 statement?
,

19 WITNESS BUSH: If I have the values on a surface

20 such as the 103 where I have considerable confidence in the
21- values, the answer is yes, I believo I can apply it to a

,

;

22 cracked region in 101 and 102. ;

23 JUDGE BRENNER: And I think Dr. Rau was right, we

L( ) 24 did have a lot of confusion in our exchange. I'm sure it's

25 my fault.
i

|

|
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AGBagb 1 .Dr.JAn'derson,.do you. agree orLdisagree with just?~

2 -thatIone statement that we-have stopped Dr. Rau at soLfar?'

L( '} ; f3 WITNESS ANDERSON: Well I'm not sure:we can
M-

4 apply-it, because we :have a weld, we .have a ' crack and I'm
~

5 not.sure that-you.can transfer-it directly,;I would have
,

6' reservations.

-7. JUDGE:BRENNER: Dr. : Rau, forgive me.if I caused

8 -- Could you hold your thought'lf I go back.to Dr.. Bush?

9 WITNESS RAU: I don't promise th'at but'please go

10 ahead..

11 JUDGE BRENNER: Why don'..t you have. the same

12 reservations Dr. Anderson has?-

13 WITNESS BUSH: 'Once I have established it in:an

() 14 uncracked surface and I have measured it' from the unloaded '

15 condition, from boltup-to-boltup, and then through the

16 operating condition and I have a series of values, I can

17 then work from these values -- obviously I have. to do some

18 modeling, I can make some assumptions.

19 I would tend to agree with Dr. 7.nderson if I had

20 a totally uncracked weld there where the possibility exists

21 of a crack occurring, that gets to be very complex. If I

22 have cracked it, I have tended to relieve the residual |

23 stresses due to the welding operation and I believe that I |

() 24 can now model it at least to a degree.

25 JUDGE BRENNER: Did you mean that if you had a

,

|

|
|

.- _ _ . . . . __ . . _ _ _ _ _ . _ _ _ _ . _ - _ _ . . - . _ _ _ _ . _ . _ _ _. _
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.;AGBagb' N Ltotally:untracked weld'~od.the 10l and|102Icam gallery to_.i'

- .
.

,

7 .21 -.which you' wire going..to apply:the! data,:is that what you-~

+ .

N' < . . , .
_ e

.

,Y{ M-h... - 3 - . meant?
g#)c 'x. $ .Aic 'N

. ,

m' . WITNESS! BUSH: ' That would:cause me! difficulty;H, . '4 Lc ~,e

, %. _

'
.

5 h es. . . , , Dy J
_' * '

-
.

$ R .,, / c , . g.., 4
.,-6 | JPUE BR6TNER: All=ri$ht.'

_

*

_v: . -

LSt.me|go to you, $r.Ipu, forgive'ma:fortthe-two:' 7 I,

- , m =,
W. , 'as

8 interruptica,s now.; t*
c ;.

V- -/ '9 4 , WITNESS RAU: Okay. Clearly we must' separate
-

@ ~ b,. 10 operational;frbm ,residdalm stres ses'.- On the: operational-
*:,: s-,

''
.i11- basis, in my'opin' ion, you can directly apply.them.''

..

'*
. g . ? .

, ,
-

.

j' 12- I agree -- agaip from a first principles point of -; ,

,- -
, . . , ,

> >13 visw the-presence of a' h ,pa'ir weld.with a slightly different?;;J
-

*: w *
,, e~,

n. .

...f4- elastic Iciffness",\elassic modulus ~ br stiffness, will modify. < -

- _- m, -
,

.s -
,

the stresses stifVely''in the weld bead :itself,15 #

3* but as
> ~

; , , ; ,. . ..

i, 16 Dr. Bush has pointed out, since we have weld shrinkage-
,

' s
: ' 17 cracks adjacent 'to t; hat, with regard to the live stresses'at, s
: -

5 -

theyint of concern, that is, d.o.w.n towards-the crack tip,18. c . .

i -
.

1 19 that'is of,less import.' .'
o

>q

>
-, '[' In any case, the effect of that stiffness change| .,2,0 .g . .

p
isvery~nodestwithregard@g.o the operational stresses,21;

22 ;
'

;, *

thoss due to the throughbolt clamp-up and those due to the iy
, + .

[ . )3 / , operational stresses.that come from the repeated lifting of*
*

| .

the head by the firing N f ea% '. cylinder.
. ': .'

.;e < J 34* ' /:
.

). '

25 With regard t.o the. residual stresses, there's no
-

~ ,. , a
i

b_ ?

~ ,
#' + .s,

F . ,

,gW
,? ,e '

9

y ~. -

+ _ . _ , . , , . . . . . . .E.l. -

'

. , . , -
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Lquestion you;can't" infer anything.directly..fromEthe strain'iAGBagb' Lle.

~

.

gauge! measurements.on;theEreplaceme'nt 103 block in the, cam- L 2 =. -

:/~T ~ -3~ ' gallery,f;those are' measurements 5onlycof;the':

' V!
-

-

c e 24 . operationally-inducedLatresses.- They say nothing about

5 where there was noEresidual: stress or where'there was-

6- positive'.residualistresses or wherelthere was compressive-
;

7 residual' stresses in~that block or any:other block.
.

18 . But-theioperationalEstresses-are-directly:
,

t

9 appropriateLwith these minor effects due to the, weld to any.

- 10. Lother cam' gallery. 'The. residual stresses are. treated on'ai

11.' completely different ba'ses'and we'have been'through thatiI

12 think to.some extent.' I have'made calculations.and

13 indicated'that we would expect to_have'-large compressive

()'

14~ stresses in the . weld, but' in fact we expectato have-
!

) '15 ' balancing compressive stresses beneath the weld.:
.

I 16 And the precise knowledge of the residual
i

j 17 stresses is basically unimportant or-irrelevant with' regard.

18 to whether or not a cam gallery crack can extend beneath the
.

19 repair weld bead, because once it gets down into there there-
E
i 20 is either no residual stress or there is a compressive.

21 residual stress and that's just going-to make it even~1ess- ;
'

22 likely that the measured operational stresses which=have,

e

23 been shown to be fully compressive, perpendicular to the

j ) 24 crack indications, they will just become even more

25 negative. So a precise knowledge of their magnitude

'
t:

( -
,
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1 (Thci LBdaitdfconferring. ) - q.

.

3
. ~ . . . .- .. , .- - a : .

_ .

y
s

,

-5' .| MR. : DYNNER ' 'I3 thought. :thaty Qif ' I' mayis.before we . il,- '
'

'

'

1; N.
__

.
.

'i6: [ b'r'eaklI ' could | get y Dr. I Anderson ' s1 pomment and 1 theni-if i'

n- :t-,

' 17L IDr. ? Bush wqnts to Sdd- anytN.ng,'j and' then!I Lwas' goingitoj-

~

:V ji . . .. .
.

'8. :suggest th'at! perhaps1we J could:Jhake ;allittle' bitishorters-

+

:
.-9' lunch break today.11f everybody' agrees. .

.

. . % . c .
. 3;

^ ''

_ c, w
. 10' V f?o, Jyou-' don ' t' agree?

'

, 'll _ EJUDGE'BRENNER:.'No,-I= don't, Rand I'11~tell?you:
-

,

12 ..why. in~: a ' minute . . !7
.

..

1-
13

.
MR.' DYNNER:- Okay. -

14 ) BY MR.!DYNNER:
"-15L Q ,Dit . Anderson, would you have any commentis on-n

. / j%
_

,
s .

16 IDr. Rau's' statement?
y j i*

''

17- JUDGE BRENNER: I'll tell you what the situation.

18 is and maybe we would be able to. -Let's see.*

19 WITNESS ANDERSON: While-I continue to disagree

20 that a welded surface -- the strain' gaging of an unwelded

21 ~ surface is equivalent to- the strain gaging of a welded-

22 ~ surface, one would- have to be very r:areful if you -did. strain -
.

-23 gage the welded surface tihere you put it . - I just. don't see-

[ 24 that it can transfer. I am worried about modeling it,.I am-

25 w'orried about any reasonablen'ess in the values and'.certainly.

,

W.

}

r

ai.
i
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,AGBagbL .- 10 Lonelha's no-way offempirically, checking them.unless one does1

_ ;2'' - the2 strain: gaging. 1;So they are justLdifferent --La
"t .

. . .

/~y
-

z3 . i.different'situationTand,should:beistrain gaged for;itsiown'.
V

'4 : kind.: .I''do agree'that you..only(have to strainygage-101:-and
_

5.. ~102,jthat they are:similar, but 103ris~not'similar.-2

6- ~

: BY MR. : DYNNER:

-: 7 - - Q' .Dr. Bush,-'do you have a,comm'ent?

8 ~ A. (Witness Bush) = .No.:

9. O' I would have just one.last question.--

'10 A '(Witness. Rau)- .Before 'you move off ' that?

.11' O -Sure.

{
12 - A I think Dr. Andersos has mischaracterized what I-

~

'

131 - said, at'least if I said it I'didn't mean to say it. I
-

14 - didn't say that you would get precisely the same strain gage
-

readings if.you put a strain gage.on the-repair weld'that'15 :

16- you would get on -- and did get on the replacement-103.

17 What I did say is the strains would not be

.18 substantially different and in fact if I knew the depth of

19 the weld' repair and the, measurements made on-replacement

20 103, I could compute, calculate quite accurately what.the

i 21 stresses would be even in the middle of the repair weld.
i

| 22 I didn't mean to imply you would-get exactly the

23 same measurement, I just think it is unimportant.

( f. 24 O Do any of you know whether there are any

25 uncracked welds in the cam galleries of 101 and 1027
!

!

.

. .-r.a. rw-- re,,w e ..+-e- ,-+c+, ,,w-w-e ey,.r -.y c --,.e., w .wy , -, ,,,.-ewa-,w-r----e e.---+<-ww1.ww- - , -~ig r,rei.w .tm- - ---
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'AGBagb~ 17 .Ai [(Witness Bush)--I' asked a.similar, question - Land

2- 'I'. guess this has.to'be hearsay, and I was informed that'
.

>(~Y 3 there were repairs at all locations in the ce.m' gallery, that
~

.

%). '
'

4 .was my interpretation of- the' thing. ; I didn' t know of any.

5 ' Because -we did ask the ; question..because we were . interested

6 -initially in considering other possibilitiesz and th'atiwas

7 the answer I got. I can only cite it'as hearsay:though.

8 O~ I want to make sure you. understood my question,

-9 Dr. Bush: '
.

10. I didn' t ask- whether there were any uncracked
.

11 areas in the cam gallery --

12 A I understood --'
i

13 Q- -- but any weld material that was'not cracked.

(G'

_) ' 14 'A I guess I can't answerLthat. question. I~can~
'

15 answer.that there are welds in every case, as least thatris

16 what I had understood, and I had thought from-everything I-

I 17 saw that there were cracks but I guess I can't answer' that

18 question.

19 A (Witness Rau) I want to make sure I understand

{
20 the question. You are asking me whether there is any;

,
21 portion of any weld that doesn't have a crack in it or just

22 whether there is any cam gallery saddle which doesn't have a

23 crack somewhere in the weld on a given cam gallery saddle?

() 24 O All right. Let me explain.

25 It goes back to a comment that I think Dr. Bush
.

!
I

l

, -- _ . _ , , , . - . , . , , , . - . . . . ~ , ,,,, _ .,..,. _.-,_- . - _ - - , .-
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[AGBagbf 11 : made :concerning ; the fact that -you might be concerned;if --

'2. :there were-repair wel'ds --;as far as'this' strain-gage:
P

~ a

:-.(3 _. 3: .testiing Lis concerned -- ~ that .you might be-. concerned. if there -
\_J: '

if were repair. welds'on1101'and 102 cam-: galleries that'had'not',

'

: developed cra'kston the. surface;- in other;words', successfulL.5 c

-6 cosmetic or-otherwise' welds:oflex'isting cracks,LLbut where
~

'

'7; 'there~were no what have sometimes been termed: weld shrinkage:-.

~
~

8 ' cracks associated with the weld: material.
.

9 And 'my ; question is ~ do .you;know whether there are -.

,

-10 any such weld' repairs on 101'and 102 that dofnot have any;

11 weld shrinkage cracks associated with them?

12 A (Witness Bush) I can't answer.

13 A '(Witness Rau)- Well Mr. Dynner, I don't have all~

) 14 the' inspection ~ reports with me. My recollection islthat all-

15 of the cam gallery saddles.cx1 101 have repair welds and each.

16 of those have crack indications in them. On 102 - I'also

17 believe that to be.the case but I don't have as clear a

18 recollection that.each and every one of.them -- I mean

19 certainly the vast majority of them had indications and my

20 recollection -is that all of them did. But:I would'have.to

21 look at the specific inspection reports to conclude that

22 with 100 percent confidence.

23 O I 'm correct, aren't I, that if you had a

() 24 successful weld repair where there was an unbroken surface

25 that you wouldn't be able to detect that-by liquid penetrant
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iAGEagbi 1 -or magiparticle?or.thelother:NDE-devices that'are used-for;

2' idetecting surface - cracks, isn'.tJthat right?
._

.

- . _ _ .
_

' ']
'

- 1._, .

.3= "A "AgainDiet me'makeEsure'I1 understands.; :

~~4' You' asked ifithere was no weld . shrinkage:- cracks,'

:51 'in .'other words no crack on' the - surface' that' I;could not .1
,

-

'

6 ' detect'a_ casting-shrinkage'crask.'below'it, is'that what-~

-

7 you're askingime?
~

8 - JUDGE BRENNER: - t No, thati you could - not detect-
,

-9 that it was'i.nfact welded.

10 . WITNESS RAU: _ No,'that's not:true.'

11- BY MR. DYNNER:;

^

12- O .Okay.

; 13 Which of those NDE methods would ^ detect a-
'

~

) 14 successful < weld where there was no crack -- broken surface'

15 -associated with it?
*

-

sc 16 A (W3 tness Rau) = Well if'-- when you grind off the

17 paint, you will simply see from the. edge of:the weld -- it
'

18 is not a crack indication, but you will'see porosity and

19 differences in the materials' luster. . You know, without the-

20 paint there you can tell there is a weld even if there is no'

; 21 a crack. In the areas where there were cracks but they

22 weren't continuous you could see the termination of the

23 weld.

) f'

24 There is also what is called a materials gauge

25- which LILCO has used. It measures --

,

I

~ --e , +..sv.+.r... , , , , ---,---m, ...,.-e-,.,-,..--n.,.,,..---w,- ..,.---e -ne-.--,,a.-.. ,m ...w-- e .-w-, ,.re-
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'AGBagb'- =1- ~ xA- -(Witness' Bush) - - permeability, I'think.-

_

2 -A -(Witness Rau) '--11t: measures,some sort of.'
'

.

7N :3- magnetic.or: electrical:permeabilityxand from.which you~can
DR L '

.

~ ~ '

4: . ascertain whether1or-not it--is~the'same. material,.and that-
'

5L was'used to distinguish between cast-iron and'the iron.
~

6- nickel weld material and to ' identify thatlin fact there were

7 .-repair welds in. each of ,those locations.

8 O Has the=--

9 JUDGE BRENNER: Doctor --
*

:10 ;MR.:DYNNER: I have ,two more ' followups. but if.

11 .you --

-12 JUDGE BRENNER: Go ahead.

13 MR. DYNNER: I defer to you.

)( 14 JUDGE BRENNER: Well I think he is correct and-,

15 your question surprised me but I can' t testify so I want to

16 ask Dr. Anderson:

17 Isn't it correct that assuming things aren't'

18 painted over you can just look at a surface and see a weld,

19 the difference between the fact that something has been

20 welded and cast iron?

21 WITNESS ANDERSON: Not necessarily.- I can smooth

22 out a weld and polish it down so that I don't think you

23 would be able to detect it even though it is not painted

|() 24 over.

25 Generally -- now that I have given you the

I
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'

-AGBagb'. 'lL Lboundary - generally it'.is. easy to spot a weld because they
~

2'- are:never: polished to that extent'and they are just so
.

|('s 3 different'that.itfis easy.to get.- -And if you have :any
)

- 4 question you would give~it.'an -acid etch and quickly

~

5 determine it.' '

~6 BY MR. DYNNER:

7 .O My two follow-up questions are, number one,.do

8- you know whether in fact the paint has been removed L from

9 every one of the cam gallery saddle areas of the 101 ' and =102
~

10 blocks in order.to-- Do you .know that, Ihc. Rau? 7

11 A- (Witness Rau) I don't know again with-100

12 percent confidence that the paint was removed'from all of

13 them. I know that it was removed from a representative

'( ) 14 sample for sure, because.I have seen them.

15 I have seen inspection reports -I think for all of.

16 them but some of those inspection reports may have been

17 fluorescent magnetic particle inspections which were done

18 with the paint on. Some certainly were done with the paint

19 on. So again I can't state.

20 It may be in the record from Mr. Schuster or;

21 Mr. Johnson: I can't recall..

22 O And do you know whether or not every one of the

23 cam gallery areas of 101 and 102 were inspected with this

(). 24 device that would detect permeability?

25 A Any area where the repair weld was not obvious to
,

i-
;

,

-. , , - . . , , , . -~- , ,-e.,,,. .n-- +n, er,--,-. . - . - - , -,-,-w+ . , ,- - ~,n.--
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, 9 AGBek (l' ithe eye would have been. inspected. . IL wa sn '.ti there ;when - they'-
. y. ,

'2 fdidfit;so.'I.can't recall that.they used that~ device;on every;
.Theyfdid;on the representativeTsample.but you could3 -one. -

J4: see oit very ' clearly;I : don'.t. know whether they continued: to
L - *

.
.

,

.- -5~ .actually-doLitson:each-and every onei '

,

,.

: 6. MR. DYNNER: ' Iu amf ready ; for ' a break 'if you are,-- -

u -

- -

'

72 Judge.

; 8f JUDGE BRENNER: : All right.: Two things.
<

9- First of.all, you wanted'a shorter lunch break,

3

-- 10- which I"take it'is'to assist the witnessesTin being .

:

| 11 completed earlier than they might otherwise be.
'

12 MR. DYNNER:- Yes, sir. I'was h'oping we could'all.-
t-

. >

13
,

. _

get out of here' at a reasonable. hour, 'and that might: help '

,

~

'

14 things along if we took 15 -minutes off of the' lunch break.

15 JUDGE BRENNER: We are:willing to take'a.one-hour
*

i.

16 lunch break, but let me tell you what my hesitation was
!
.

17. before, and how I will~ accommodate it.- t

i
j 18 We need some time to go over a few more things '!
i
I. 19 regarding the pleadings we have received on the motion to

j 20 reopen and supplement the records and the answers thereto. ;

21 We will take the shorter lunch break and if I haven't
i
;; 22 accomplished everything that I think I need to accomplish '

< l
, 1

[ 23 during that shorter lunch break, what we'll do is take

h 24 another, longer than the normal break between the completion-:

!

25 of the witnesses and the time we have discussion of that
. 1

k
i

i

'

,

1

J- ,

'

.- - - - , - . - - , . _ , - - - . _ . . . . - . - _ . - , - - - - . - . -
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%GBobt fl' . matter. *
,

-

y |. 2 -

.
;

.

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

-- .

.;So whenlweldo break,'which will;besin'a momenth
x >

'
's

d ,
f3- 'we'will break' for'one hour.H

'
~_D ,

.,

, ' 4: LAnoth'erimi scellaneou's point s .-
~

,

'

'5 Since it now? appears'that I'lllbe-'in beautifuli

._

:6 ' downtown LBethesda tomorrowJinstead 'of beautiful' downtown-

17: - Hauppaugh, . the (County's cranksha ft - findings 'which"were 'due' W-

'

8 ' to be received today can ;be ~ delivered there Linstead)of your; ~ '~

-9- having to bring}them up here,fif that'makes a: difference'onL~

,

10- your logistics... Either way.i's; acceptable._
'

.;.

11 MR.;DYNNER: 'I; frankly haven't' checked.on that,
'

-12 .and they may be in' transit, but'I.will call the' office,rightt-

~13 /away|and'see.whether weLcan get them:sent'to.Bethesdit.

14 JUDGE BRENNER' Whatever is easier.:for'them would;

; 15 be perfectly fine with us.~ ''

t.

16 MR. ELLIS: Judge Brenner, -I' speak as one. who
'

17 does not have a hotel reservation tonight. Can I-take heart j,

p
18 that it. appears that the Board doesn't envision a lengthy
19 argument period on the motion?

20- JUDGE-BRENNER: That's right, but~my vision has

21 been cloudy before. That's right, we don't. I don't know

22 what time we are going to finish wi,th the witnesses, !
'

'23 though. That's.the only problem.

'24 And there is, you know, a divergence of opinion on those

25 motions and to the extent that still reflects reality -- ]
,

)

o
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~AGBeb 'l that r is,' 'tdue present - situation -- then that may = cause . the
~

2' argument to.be longer..-

[] - 3 You' made .a cryptic. comment : last: week, .maybe two-
NJ

.

~4 weeks ago,JMr. Ellis. I guess it must'have been last week,

5 from which I inferred thSt some iof !what you said in your

6 ' written" pleading was unot hard 'and fast as to certain things, .

7 and of . course ~ none of -that ~got reflected .in the answers of

8 the other-parties. I was hopingLthere would be some
~

9 mechanism to do - that ifLthe discussions-among.the parties:

10 had changed things.

11 So you will have to inform us of that when we.

12 have the discussion of the whole matter, and when we do take-

13 a break before we have that discussion,:it may be that while

/ 14 I 'm using my time, the parties can valuably use their time-
,

15 to nake sure they are on the same waveler.gth, at least as to

16 what the positions are, even if they don't. agree.with them.
.

17 MR. ELLIS: Yes, sir. I 'm not revealing anything

18 surprising when I say that it was in the order of what the

19 Staff wanted to put in that we were willing to agree with,

20 rather than with what'the County was~ suggesting.

21 JUDGE BRENNER: Well, I'obviously need some more

22 preparation time for myself, so this comment that I am going
;

23 to make may be inaccurate, but I didn' t see any material l

()'

24 divergence between the County and the Staff on that point,
|

25 that is, on what would be pertinent in a further proceeding

|

|

!

,

_. . . . . . _ , y _. , .- _ . - . , , _ . , ..._e....,,..%. . . , , ~ , . . - , . . . , . _ . . - ,
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:AGBeb -1: if!we permitted one.;
.4

32' ' .MR. . ELLIS :: All right,. sir. We-will explore that:'

'

-)(]
..

nt -11unch tilme.-
., *

.

\] E 3.:
.;.

~ :4. ' JUDGE .BRENNER:- < And ' I 'will . look : at that myself, .;

, _f ~5i also.-

'

-6' ' Let's. break - until . l's 30.

7-. - (Whereupon,1 at.- 12: 251p.m. , the hearingLin the-;

8' 'above-entitled matter was recessed toEreconvene a~t-

t

9 1:30'p.m. . the. same' ' day. ).

10

- 11

. . 12.
'

4

13 i

' '14 _ ;

" '

. 15
i

; 16

t ^
17=

4

i 18
2

h

|~
19

j 20 -

| 21

1 22

23
.

h 24
,

| 25
4

,

I

f

,
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11 .

i:[' )WRBbrb|:' ;-|1; 'A F>T~-E R:N O'JO NI :S'E S-S;IJO N' J '

.

. 5

,w. . (1: 30._. p.m. } |
'

2.. - -

7N' L3' ; JUDGE >BRENNER:~ On : the record. -
Ov' ;

, ,
'

~4 Whereupon,~- -

>:.-

- <5- HARRY FRANK WACHOB,. ':

it6; CHARLES A.1RAU,:,

>

'

~ 7- ROBERT .N.~ ANDERSON, -
'

-

p . 8- and'

9 SPENCER H.cBUSH
,

30 resumed the stand and, having'.been previously! duly sworn,:

11' were examined and testified _ further as follows:-

L12- . JUDGE _ BRENNER - . We ' re re'ady whenever you are, .
.

.13 ~ '-Mr. Dynner. The witnesses are all back. .

_14 EXAMINATION

15 BY'MR. DYNNER:

16 .Q Dr. Bush,-I think that this morning you expressed:

17 - the opinion that you thought that the calcium that was'found

18 on the surface of the crack from cam gallery number seven

19 more likely came from the welding process than-it came from

20 lubricating oil after operation began.

21 Is'that correct >

22 A (Witness Bush) That's correct.

23 Q Where do you think the sulfur that was also .

.O 24 vre e== e= twe oxia 1 ver om tw cr cx c 1re 2

25 A I don't really know. I have heard various

#
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JWRBbrb 11 4 - postulates ..as to where' it might come ' from, . in the. context of .

, 2: the L fact : that you ' have .a . finite : level: of sulfur, ' albeit not:.

;-f,N 3 fthis high, in;the cast-iron, ' et' cetera.. But I have no basi's-
-(f

'

, ,
.

,'4" for establishing where the sulfur.would come1from.

-

. 5 .I take'it you'reLdiscussing the microprobe data
'

f

6 thatlindicate the presence of calcium, silicon, sulphur on
>

'7 ithat. That is the only piece'of evidence.that ILam aware

,tY of.

9 Q' Actually,!the EDX analysis, right?
,

10 A EDX, yes.

11 O Could the sulfurchave:come from the welding.

-12' ' process, do you-think?

13- A 'If it did, I'm not aware of where it would have

j ) 14 come from, to tell the truth.

15 I don't really know the coatings. I know that

16 one of the more common ingredients in such coatings is

17 calcium. A lot of these tend'to be proprietary coatings.

18 They certainly would not use them for high nickel alloys if

19 they had any sulfur in them. That would be a forbidden-

20 thing, which would lead me to believe that, since this is an

21 iron-nickel electrode, that they wouldn't have sulfur in

22 them. But that's inference, because I don't know.

23 Q Would any other member of the panel like to

-( ) 24' comment on this issue?

25 A (Witness Rau) Mr. Dynner, the only thing that I

..
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WR8brb i 1. 1 might ' add is that the quality, of, these . repair. welde :i's' a-

' u .. 2- little 'less than optimum' and grease ~ or, you know, just lack g
-

-[f '3' .of cleanliness 'of the surface can lead to f sulfur t

v>
,4 contamination.: eThat's one'possible source. If they don't ;

5 get any cutting' oils or greases'they-may have used 'in the

'6 grinding process completelyfout before they. lay the. bead

7 'down, you .can get sulfur contamination that way. ;

8' Q Dr. Rau, did the' calcium that you noted appear in

9 ' all areas of 'the surface of the crack that was covered with '[

10 the= thick dark oxide?-

11 A My recollection is it was all' areas which we .

12 interrogated with the EDXr but Dr. Wachob did it. Perhaps !

13 he should comment upon it.' :

~

- 14 A. (Witnens Wachob) All areas of the broken-open

15 crack, being tb s weld _ interface in what we are referring to

16 as the shrinkage crack, all had indications 'of sulfur.

17 .Q And those were all areas that were covered with j

18 the thick dark oxide as well?

19 A The thick dark oxide that we have been referring ;

'I20 .to is on the shrinkage crack. It is not on the weld

21 boundary crack, the interface crack that runs along parallet
,

22 to the fusion metal and in the cast iron. {

23 Q Did you test all areas of the crack, from the tip '

O 24 of the crack a11 the war eg to the surface with the =ox |
'

25 analysis in looking for calcium? ,

I
i

i

!

_ _ _ _ _ ._ _ ._ . . _ _ . _ _ . . _ _ _ . . . _ _ _ ________._..___..___1___._________._._.._____u___u _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ . .
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.WRBbrb 1 A We' chose a variety of syxits that included from -

2 the surfaceias one proceeds inward. . We.took a variety of

/ s3' spots which went from, basically, the' very outer . surface to

4 the inner surface.

- '5 0 And this outer surface you' re ' referring to: was

6 that the area where the weld was located?

7 A When I referred to " outer", I meant what.would

8 have been the cam gallery surface as one views it from that

9 weld, along the weld crack, weld shrinkage interface, and

10 then eventually into the shrinkage crack from the casting

11 process.

12 Q And were there any other areas where there was no

13 thick dark oxide where you found calcium -- areas of the

() 14 crack surface, I'm talking about, that you did the EDX
|

| 15 examination on?

16 A Where the weld shrinkage crack is we found

| 17 calcium, and that doesn' t have the thick dark oxide.
|

| 18 Q Did you find the calcium in the area of the -- I

19 guess what I will term the " clean fracture"; that is, the

i 20 area that was broken apart?

21 A I do not remember seeing calcium in that region,

; 22 no.

.23 MR. DYNNER: I'm going to ask that there be

l ) 24 distributed -- and I apologize for the fact that, like Mr.
1

25 Cllis, I don't have originals of the photographs; I'm going
|

. _ _ _ - _ - _ - _ _ _ _ _ _ _ - _ _ _ _ _ _ _ _ _ _ _ _ _ _ - - _ _ _ _ _ _ - _ _ _ _ _ - _ - _ _ _ _ _ - _ _ - _ _ _ _ _ - _ - - _ - _ - _ _ - _ _ _ _ _ . - _ _ - _ _ _ _ _ _ - _ _ _ _ - _ _ _ - _ _ - _ - _ _ _
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EWRBbrbl.
-

,

to' distribute'Lsomecxerox 'opies,;and what'I propose.to do is '

1I' c c

,,
-, ,

- .2 ;to give; my(copy ' of; the original; photographs to : tho' Board . so .

:3' (that they.can follow along[during the questioning,.the 'short; j
' -

-

<

,

"4 questioning that1I'have on these. '

,

25 - - BY MR..DYNNER:a

.

6 Q nI would ask, Dr._Rau, since.I see a copy f of ' the

E 7- photographic album,i hat you'shara that with your colleagues.t

.

8 on the panel.- ,

F
' .i

9.
.

JUDGE BRENNER:- Off the record..
'

10 (Discussion off.the record.)^
, 11- JUDGE BRENNER: On the record. t

|
12 BY MR. DYNNER:

13 Q I. ask ~you to .take a' look, please, at' the

14 photograph -- and as you can see, there were four. -
.

15 photographs on the xerox'page -- the photograph in the upper
:

16 right hand corner which bears the notation "HFW-4" and the - i-

17 date "9/3 /84" on it.
18 MR. ELLIS: -Mr.'Dynner,.is that' notation on the

19 originals as well?

20 MR. DYNNER: Yes, Mr. Ellis.- That notation is i

|
21 the notation that appears on the back%f the-original

. |
|22 photograph.

,

23 BY MR. DYNNER:

24 Q In the album, gentlemen, there is a label on the

| 25 plastic over tha' particular photograph that says "DG-103, !

i

|

|-
i
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~

iWRBbrb l' ? Cam 1No. 7, ; I-612 |' b
, 3.

,

2i Dr. - Wachob,/Ilwotild . like you to ' identify the.

* [~y L3 subject matter 'of ' this photograph. o

u
4 A~ (Witness Wachob):1This'isLa-segment'of the cam-:

5- : saddle number;seven position that'was removed from the
'

1

~6 orig'inal 103. And we have cut the section that.we have
t

7: ~ removed, : and we are now: looking 'at; it .-in cross-section.
,

-8 .Q .Is this an FaAA photograph?-
'

9 A- Thic is-an'FaAAiphotograph and-mount.

10 Q And just.below that photograph, there's?another

11- ' one . . On the book, the plastic covering, it bears.the

12 nameplate "DG-lO3, I-612 ", and on the'. reverse of that-

13 photograph, and'as noted in the exhibit which I'm going:to-

14 ask be marked-for' identification, it says'"CB-1", and

15 underneath that the date "9/11/84".
16 Can you identify that photograph, please, - Dr.

17 Wachob?

18 A That photograph 'is an enlargement of the cae

19 above, just taken at a different time, that's all.
~

20 Q And is that an FaAA photograph, also?

21 A That is an FaAA photograph.

-22 MR. DYNNER: Judge, I would like these two

*

23 photographs, which will be on a single page, to be marked

O 24 fer iae tiricetie e twe co tv =xwidit -- 1 de11 eve it s,

25 81, Judge Morris, unless I've lost count. So that would be

t'
.

t

_, _. . . , . _ . , . . . . . _ , , , . . _ , _ , - . , , . _ , , . _ . , , . ..,...,_..%.,.._ _-,_.,.....,_.,-,,.,,,,,,m.._,_, _ , . _ . , , _ .
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k 'WRBbrb_- 1 Suffolk' County Diesel Exhibit-81.

'2 JUDGE BRENNER: All_right, for identification.

(-] .3- '(The photographs labielled "HFW-4, .

> ~ ' . .

4. ' 9 /3 /84 " and "CB-1, _9/11/84, were

5 marked as Suffolk LCounty Exhibit'

6 81, for identification.).

7 BY MR. DYNNER:

8 O Dr. Rau,.I_would-likefyou toLlook:for a~ minute,

9 now, at LILCO .'s Diesel Exhibit .B-61; land I believe_ you

10 earlier had testified with respect'to the photo marked

11 "HFW-4 ", that 'it in fact was a photograph of what you were

12 -sketching in B-61.

13 Could you tell us how that photograph fits in

() 14 with your dra.ung?

15 A (Witness Rau) Mr. Dynner, I don' t think I said

16 that it was -- that my Exhibit 61 was a representation of

17 any particular photograph. But certainly, the sketches

18 which I introduced -- made and introduced as B-61'are

19 intended to schematically represent the cracking in the cam

20 gallery area, of which your County 81 is an example.

21 As far as orientations go, I can reference the

22 orientation of. the photograph, if you like, to LILCO B-61,

23 if that's what you had in mind.
,

() 24 0 Would you please do that? I 'm sorry if my

25 question implied that this was a particular sketch. I did
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iWRBbrb '1| not : mean . to --: imply . that . '
,

-2 |A .Okay.,

TN .3 ~If you Etake County - Exhibit. 81 ' and you ' rot' ate -
A_./ .,

'4 LCounty 81:ninety degrees counterclockwise such that-the most
.

5- pointed . portion of' the photograph"iri 81 ^1s pointing to the.:

6' lower'right, thelorientationLwill be: comparable to that-
~

- 7 - which 'I have : sketched in LILCO B-61.

8 Q .And I'm correct, aren't I, that the. material in

9 the photograph that appears in the real: photograph to be;

10 shinier,-and is located-wh'ere your-sketch ~shows weld.
,

11 material, is Lin ; fact the' photograph of the . weld ~ material -in

12 the County's Exhibit 81.

13. Is +. hat correct?

: 14 A Yes, Mr. Dynner, that is correct. The shining.

15 area is,,,in fact, the repair weld, a's contrasted to the---

16 grayer and the dark lines, which appear different after the

17 etching procedure.

18 O Now, could you look for a minute at the County's

19 Diesel Exhibit S-4, which as you'll recall are the

20 micro photographs of cam saddle number seven? It's in the

! 21 bound- in volume with the County's supplemental testimony,
f

22 Dr. Rau.,

.i

23 A Just one minute. Our original has disappeared,

h - 24 ' from our book.:

25 (Pause.)
.

,

'
I

t ,

|

- , , _ . . . . . , . - _ . . _ _ , _ , . , _ . _ . . , . . - . . . , . . . . . . _ _ , , . , , _ . , . - _ _ . . . _ _ _ , _ . . . . _ , _ _ . , . . _ .
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WRBbrbl,il' Q: ! You have that now, - don' t' you, Dr. Rau? -,

2 'A Yes,'I do.

' [N i- . 3- :Q Could you please. orient us with respect to the>

%)
4 - photographs 'in the county's Exhibit S-4, . as to .what _ portion

5 they would be of the photographs in the County's Diesel-
'

6 Exhibit 817

7' And you.might,11f it's convenient : for you,=-

8 Dr. Rau, -use the photo - labelled "CB-1", because that's a -,

9 .slightly larger magnification and it might be easier for us

10 to see.

- 11, JUDGE BRENNER: That gets to a point I was going

' 12 to-ask about.. If you can, in the course of this, let us

13 know what the magnifications' are in the two photos that

) 14 ' comprise Suffolk County Exhibit 81, that might be helpful

15 information, also.

16 WITNESS RAU: I can give you those -- I'm sorry,

17 81.

18 Judge Brenner, the full width of the cam gallery

19 section, starting from the weld, on County 81, and

20 progressing from right-to left to-the water jacket side is

21 an inch and a quarter. So the uppermost photograph will be

;. 22 a mild magnification, perhaps one and a half times, and the

| 23 lower one might be of the order of about two times

(k 24 magnification. '

!
25 What I'm trying to ascertain here, Mr. Dynner,

|

!

!
|

'

l
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!WRBbrb L14 is whether or not ; County S-4 exhibits are from the 'same 1
.

2 = cross-section which 'is shown by County ' 81' . It~certainly~is-
.

~. t

N .- 3 -of. a; comparable one, : very . nearby, but- it may not be the same. -!-

-

%)
.

.4 surface.. SoEif you'll give um a moment,- I 'll- try to
P

5 ascertain'that.
'

c

E 6 (Pause. )
- '

-7 BY-MR. DYNNER:

8 -Q Dr. Rau, if they are similar,.and if you can tell.
_

- -
i

. 9 me' it' really doesn'.t matter in terms of orientating us to I

-10- the section that-was fractured --

11 A '(Witness Rau) Well, okay. In that case, it-

12 really doesn't matter.. r

13 Let me attempt just to orient us relative to your '

() 14 Exhibit 89. If you take County Exhibit S-4 and rotate it '

T

15 ninety degrees clockwise so that the shiny or the white
:

16 constant area with little speckles in it is on the upper
i

17 right, and the labels are on the left hand side, you will i

4

18 then have a black region on the far right.

19 The black region on the far right and ' upper top - f
20 is basically the surface of the cam gallery area. We're ,'

21 then looking at the bottom or lowermost portion of the

22 repair weld, as revealed by County 81 when it is turned

23 ninety degrees counterclockwise.

~( ) 24 So the crack between the repair weld, or in the

25 heat-affected zone adjacent to the repair weld in the cast

'1
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WRBbrb 1- * iron is the same orientation ~ as . the interface shown in

"

.2 County Exhibit 81, which runs from the lower right portion

r~V '3- of.the repair weld up generally along the boundary. '

():'

L4 Is that sufficient detail? ,

'

5 Q -Yes,.it is.

'6 As I look.at.those.two photographs -- one, of

7 course, which is the S-4. photographs, which are 50 power and
.

8 100 power, of course--- and~ orient-them the way you've

9 suggested, it would appearL--:and it's true, 'isn't it'--

10 that the S-4 photographs would be in the area below the area.

11 where. the crack extends from the cam -gallery surface into-

12 the body 'of the material, which is about_ half way. up ,in the

13 photograph.

) 14 Is that right?

15 A I'm not sure -I understand what you' re asking.

16 The cracks illustrated in.S-4 are below the [
17 horizontal -- what I call the casting shrinkage crack, Which |

'18 runs horizontally once 81 is rotated ninety degrees

f19 clockwise, yes.
i

20 0 Thank you. That's what I was trying to i

.

21 ascertain. !
!

22 :

23
,

1

25

-
_
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- WRBeb- 1 Now am I-correct that the sample which is shown

2' in the photo marked CB-1 in County Exhibit 81 was fractured

'}-
by FaAA in order to'take a look at the surface of'the crack?3

4 A As I. mentioned yesterday, Mr. Dynner, it is my

5 belief that the crack revealed in S-4, that section, if it.

6 in fact is the same one shown in your Exhibit 81, was not

7 the one that was broken' open for examination of the fracture

8 sur face. The one that was broken' open was the next slice

9 immediately behind this region, located perhaps a quarter of.

10 an inch, at least in the center of the slice, from this

11 location.
,

12 O And there aren' t any comparable photographs in
13 the album of that particular slice. Isn't that right?

() 14 That is, comparable to the County's Exhibit 817

15 A Mr. Dynner, if you move several pages rearward in
16 the original book to two macrophotographs labeled " Cam,

17 Saddle Number 7, D-1," -- they look like this (exhibiting

18 document) -- you will see that this is in fact a comparable ,

19 view and a comparable magnification of the sample which was

20 in fact broken apart so that it could be examined directly.
21 on the fracture nurface.

,

22 These particular photographs obviously have not
!

23 been mounted in plastic nor have they been

() 24 metallographically polished as the one shown in your Exhibit
25 81. v

i

,

f

,

_-..____.___m _...__.._.____.._: . _ . -- _______._-___._._____m._ _ _ _ _ _ _ _ _ _ . . _ _ _ . _ _ _ _ _ _ . _ _ _ _ _ _ _ - _ _ . _ . . _ _ _
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LWRBob 1, Q' Yes. I'just wanted to establish that the

2 . photographs of the slice, 'if you ..will, ' or the sample shown .
.

p)- -in County's Exhibit '81, while, as I think you said, wasn' t3- '

(. ,

'4 exactly.the one that was' split open, basically looks the

5 . same, because we don' t have .a similar photograph of the one- !
. . .

Is that right?..6 that actually was split open.

7 A Well, there is no similar one.in the sense that

'8 it was put in plastic, mounted, : polished, and then taken out

9 _of the plastic and then broken open. That's correct. .

,

10 0 I'm saying there.is no--
,

11 JUDGE BRENNER: Mr. Dynner,-this seems to be.

L .

12. taking longer than it's worth. ,I' don' t know Where you are
t

13 heading but I'm sure you're heading to.something that you '

() 14 think is useful, and I accept that.- But can you get there a

15 little more expeditiously?
!

16 MR. DYNNERs. I 'm going to try. I wanted to first

17 get confirmation that County's Exhibit 81, ' photographs of
i

| 18 the slice that we have been talking about, would look <

! !

|L 19 approximately the same as the sample which was in fact split
.

| t

| 20 open, if you had taken photos of that from the same angle !

[21 and magnification.
!

*22 RY MR. DYNNER: j
i

23 Q Isn' t that right? !
I

24 A (Witness Rau) I'm sorry, I didn' t hear all of f()'

25 that. Will you ask it again? [
!
,

I

t

;

i
f

s .- -____._.----._-_-._--.-.__-A___-_-_-_____.-._._._--.A_ _ _ - . . - - - _ _ _ _ _ - - . _ _ -_.- _ -_.- - --
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WRBeb 1 O Yes. The question is:

2 You testified that the photographs shown in

~

3 County's Exhibit 81 are not the exact sampla that was split'

4 in half for your fractographic analysis. And my question is

5 if you had tahen photographs of the sample slice that you

6 did split in two for the fractograph, it would look about

7 the same as these photos, wouldn' t it?

8 A Yes, in a general sense. I ' mean it wouldn' t have

9 exactly the cracks in exactly the same places and the amount.

10 of porosity in exactly the same places, but generally it

11 would show the casting shrinkage crack extending from the

12 base of the repair weld. It would show the weld shrinkage

13 crack extending along the heat-affected zone between the
n
() 14 repair weld and the cast iron. And it would show some

_

15 porosity in the weld. It would be generally similar, yes.

16 0 Is there any reason why you didn't take a picture
i

17 -- take photographs of the slico or sample slice that was
|

18 actually fractured before it was fractured?

19 A Yes. It's just a matter of practicality,

20 Mr. Dynnor. In order to do that what we would have had to

21 do is to mount that particular slico in plastic, as we had

22 dono in 81, and then wo would have to have done the

23 metallography, if you like, and then we would have to take

() 24 the picco out of the plastic and then we would have to break

25 it open.

. _ _ _ _ _ _ - _ _ _ _ _ _ _ _ - _ _ _ - _ _ _ - _ _ - _ _ _ - - - - - _ _ - _ _ _ .
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,rWRaeb' 1. 'Since we have the adjacent slice,.~there seemed:no<

'"

2- reason'to repeat that;particular observation on that7

f~'i 3. particular: slice.
'

~ '

,

V,
;4' .. Q ' . ok ay. - Thank you.

5 :MR.,DYNNER: ; Now: I am going' to ask that. there be

6 distributed and marked -forL identification some' of the .
7 photographs, Dr. Rau, thatlyou, alluded to in your- -

8 explanation.-

9 (Documents distributed.)
10 MR.-DYNNER: I will ask that this be marked for

11 identification as suffolk County Diesel Exhibit 82. It <

1

'

12~ consists ' of a sheet. I am going to refer .only' to three of

13 the four photographs .that:are reproduced on the sheet. In '

() 14 the upper left-hand corner on the rear of that photograph !

15 there is the notation, DP-1. It bears the date 9/12/84.
16 And in the label on the plastic covering it says." Cam Saddle-

17 Number 7, D-1."

18 The photograph in the upper right on the rear of

19 the photograph bears the notation DP-2 and' the date
,

20 9/12/84. And it has a label on the plastic cover that says-

21 " Cam Saddle Number 7, D-2."

22 Finally, in the lower left-hand quadrant is a

23 photogra ph. On the rear it bears the notation DP-3, and the

() 24 date 9/12/84, and has the label " Cam Saddle Number 7, D-1. "
|

25 BY MR. DYNNER:
;

o

.

I

f

m._m4
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' WRBeV .1 ' r Q, Dr.f Wachob, ; would you kindly identify the. fact ' .

-

,

w 4 (+.
_ m.*_ -2 that these are FaAA phedos? . _1

- *-..
'-

,
.

jq-,

;fN '3 A~ (Witness Waphob) ,;These, pre several photos-taken-
O

..4 by FaAA. .i..

.

~T . g ~.
g f '. ' 3

f j
. ..

~
.

t

*

^ 5 There-is one typograpjrica). error that-I did not-, ,

d cal.ch bef re:you receiv thebo'ok. In the upper'right-hand:+
j,

~.e.
~

. .

..-

.7 corner, ^1nstead ' of being . DP-2,' 9/12 /84, that one should have
~

.

,

M 8 been typed D-1, not-D-2. ',
f.

9 f ..o' pp 17' i +*
.. . ,

.,

10 -

s.
.

-

No, . on the front label it' says " Cam Saddle, D-2. " !

.;,

11 .It should be D-1.,

1
12 Q I see. Thank you.

413 JUDGE BRENNER: You want it marked?. Is that it?
~

,.. ,

I | |A.
'

14 MR. DYNNER: I would like that marked for
p. .

35 identificatior),Mf I may, as Suffolk County Diesel' Exhibit-
1 -~ .

16 ,82.

''17 , " . ' JUDGE BRENNER: All right, fine..

,

18 #
When you follow 3he catch-up procedure with the-

.

19 photographs, make sure they are in the same position on the>*
.

- -

', 2 0
'*

.~ sheet. ~*

', 21' MR. DYNNER: Yes, sir.

22
%.

,
(Whereupon, FaAA photos DP-1 -

.

L,' 23 DP-3, 9/12/84 were marked anr

24 t, Suffolk County Exhibit 82,
,

r. , .,

v. 25 for identification.)
'

~
'" )s g

4

- ' , . -
, ,

h $ g

- j,

^ A %. #/ ,w ../*

,,

'
* % 4
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|WRBeb. 1, MR. DYNNER: Judge,1I just wanted to point out'

2 that when we furni'sh the actual ones, we are.only going to

3~ have the|ones that-we-are referring tc. So the record talks-g'']
4' about a quadrant, or four,'and there are really only going

5 to be-three on this_'particular exhibit.

6 BY MR. DYNNER:

7 Q Now am I correct, Dr. Wachob or Dr. Rau, that the

8 top two photographs show the crack on cam gallery Number 7
~

9 that was split in two or-fractured in order to do a-

10 fractographic examination?

11 A (Witness Wachob) The top two photographs there-

12 are the same piece. They are not mating . fracture surfaces.

13 The photographs there are ' showing one side of it, then it is

() 14 turn over and then a photograph on the other side.
,

15 0 would you be good enough to orientate us with

16 respect to the photograph bearing the location DP-1,

17 orientate us as to where that would appear with respect to

18 the photograph of the whole area marked CB-l?' I understand

19 it is a slightly different slice, but I want to get an idea

20 of where it we uld come from from the actual slice that was
21 fractured.

22 And if it is more convenient, use photograph

23 DP-2, whichever you feel would be the more appropriate

() 24 orientation.

25 A If you look at the upper'left-hand corner one,
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b: fMRB'ob 1 5 -the DP_-1,Ithat orientationilsYidentically;the s'amesas the~
-

>=

i- 2 ' ' orientation.,: YouL take the page 'of County' Exh'ibit 81, leave
~ 3' iit)as it?is in.the . vertical' sheet so therefore.;we-are

.
-

h ,4 looking at DP-1 on-the lower;right-hand: corner.: -i And if | you ;,

o .5' :take that - piece - from County;82.1and place '-itLon top of that,

h~ 6. - 'what yon see is the-.weldishrinkage crack and then the-

17 .vertidal'' casting | shrinkage crack. ,That-forms the left-hand,
,t-

;;, : ; boundary of the' photograph : DP-1.-8
pg '

9 I f.' you . start at the bottom..and move up _ along| the : - s

~ 10 . outsideLboundary-- ~If'yos;take-DP-1'and' orient!'it'the,way.

11 . you have1it there, |if -you ju'st . laid it down on CB-l~, that'is;
~

.

112 the' orientation offthat-piece. sYou'can'see'the'shrinkagef
'

-

13 ~ c. rack, the. vertical shrinkage crack-and.then the welding.

qh. 14 shrinkage crack'on the left in CB-1.-

15 If you ,now take . this piece''that is shown and-

16 depicted in DP-1 and you_ translate'it over, it willfjust. sit

17 on top of that match.

18 So the left-hand boundary of DP-1, if you start

19 at the bottom and go up.along the boundary,.the-first

20 portion of it there 'is the weld shrinkage -crack. 'When you

21 get'up to about what would bei a twelve o' clock position and!

22 start to.go vertical, .at that position is where the<

23- ' shrinkage crack _ from the casting process occurs.

[ 24 Q Okay.

125 You have CB-1 now orientiated--

p

W -, x,.

s
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LWRBeb- 1. A- The long'way.

2 .O : The long' way.
:a

; 3- 2A Correcti.
- T)Nk.

~

4~ 0- The way'it was' originally shown.'
'

5. ~MR. DYNNER:' I think-I understand.. If- the Board

6 has: any questions . about that, .we ' ve .got ' both the photographs

7 marked CB-1 and DP-1 in exactly the same orientation that

~.8 they' appear on the exhibit pages.1

,

9; JUDGE BRENNER: 'I'm'not sure I can see the weldi

10 ~ material on DP-1.

11' WITNESS WACHOB:= The weld 1 material on DP-li since

12 -it is a rough cast one,.you cannot see it.directly, no . - You-

13 get a hint of it. If you look-at the bottom 'of. the

( 14 . photograph, you can see a slightly lighter gray on'the
.

15 bottom, and a slightly darker gray on the top, but-it is

16 difficult to pick out the weld in thatLphotograph..

17 Another way to look at:it to.see the orientation

18 here-is that if you were to -take the photograph 1CB-1, - County

19 Exhibit 81', and break it forcing that crack, the piece'that

20 is in your right hand when you break it is the one that

21 would-match with the photograph in County 82, DP-1. ,

22- BY MR. DYNNER:

23 O And I am correct, aren't I, that the. bottom

(f 24 perimeter, if you wil.'. , or the bottom part of the photograph !
,

|
25 which is DP-1 is the sarface of the cam gallery? Is that I

l

|
,

4

'

-=,,w cv - , , - - - - - .,v.-, -- N a ,-,y , , , . - + , , ,w-w e, e,+ , . , , . . , ,yryw.-.-w,w w
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WRBeb| Il' cright?
,

2 .A (Witness Wachob) Yes.

T's : = 3 O And the. top of. that piece is the tip 'of the ~
d ,) ~u '

4 Ecrack?.

.

'The top horizontal portion to' thatipiece in'~ that -:5' A'

6 photograph ' is . the back1walli of the : cam gallery -area.

7 O Ok ay. .
<.

8 So-the tip.of-the crack would be---

,

The tip of 'the crack is .somewhere below. that.9 A

10 Q Thank you.

- 11 Now presumably--

. 12 A. (Witness Rau) That's the surface you have been

13 calling the water jacket side,-for. clarity.

() 14 0- I understand the top part would be the water.

15 jacket side. The bottom of this' photograph is'the cam-,

16 . gallery surface.

17 A (Witness Wachob) Correct..'
,

18 .O Thank you.

19 Now can you tell me-- Looking at,DP-3, can you

20 orient me from DP-1 to DP-3, if that is the photograph on,

21 the County's Exhibit 82 that appears immediately below DP-l?

22 A Correct. DP-3 can be obtained by doing the

23 following:

'

: 24
_

If you take DP-1 that we were just talking about.

: 25 and the piece is set in there flat, if you now rotate it4

i -

s

i :- - ' . -

, , , , ..-e.n - - ,, w -+,, ,-,..---,.,...-,.-.,.;.--,-,,,-,..,,n,- , , , . . , , , , ,-,,.n, ,w, , ,--,,
'
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'WRBeb 1 from left - to 'right,- bringing whatiis. the sharp tip of the '

2- - weld on:the-:left-hand side,. bring ~that'into a'~verticalL-

.

.31 position, you would'be now looking,at, in~-the bottom.:73
L ).

J4' : photograph, ba'sically .the fractured surface .that ' appears | on .

'

5' the left-hand side 'of DP-l .

6 This is a slab that is s about a quarter of an inch
'

7- thick, so that when you take that piece in that. orientation:

8 .and just. turn it up,~what you're-looking at'is the fracture

.9 surface that is- shown in profile in DP-l'.

10 JUDGE BRENNER: Is it part of the' horizontal or.

11.- part:of the vertical as DP-1-is presently oriented?.
~

,

12 WITNESS ~WACHOB:. It'is a little bit of both in
.

13 that the shrinkage crack is the vertical portion and the

) 14 weld shrinkage crack along the bottom has some horizontal

15 component to.it.

16 BY MR. DYNNER:

17 Q. So what we're looking at is in fact in DP-3 the

18 surface of the crack which is shown in profile in DP-1. Is.

19 that right?

20 A (Witness Wachob) Correct.
,

21 MR. DYNNER: Is that clear to the Board?
'

,

i

22- JUDGE BRENNER: Well, I don' t know if I need to

23 know because I don' t know where you' re going, so I!will let

'~
( (_)/ 24 .you proceed. I don' t know exactly which portion of that

25 boot-type shaped profile it is.from. I understand roughly
i

!

;

'.

t

!

'
_ 2 .- . , , . _ , - - , . . _ . . . , _ _ . . . . _ . - _ , . . . . . -,._.,,--__...._.-a.'

- -
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'

.WRBebi ' l -. the different'. view,,but I assume.it is not the whole length

'2: .of. it.

'('i |3' WITNESS'RAU: $Let -me try to describe it,' if I can-

- Q,) "
'4 'take a different stab atfit..

3 . I f you look at DP-1, just lay that.'pieceiflat-oni
' '

6- 'the table. 'Okay? Then grab-it with your right hand so your.

~.7 2 thumb is on the left-hand side and just.put your; thumb
~

8 -straight up in the. air now and pick that point up. The

9 point is on.your thumb tip.

10 Now as you lo'k down at the point of .your thumbo

11 'you' re -looking at a broken' surface,: the fracture surface,

12- the eracked -surface of the cam gallery. .You're viewing.all'

13 of the cracked L aurface. 'That is, you.are viewing the weld

.() 14 shrinkage crack, which is at the bottom of DP-3. That's'not

15 a-flat sur face, not perpendicular to your view. .It comes
~

16' down at an angle, at a curved angle.

17 Then you're viewing the casting shrinkage crack

18' which then extends from perhaps a. quarter of the distance

19 from the bottom up to about two-thirds of the way up.

| 20 Juu3 then you' re looking at a light area, and

21 that's the area which was originally intact that has-been,.

|

[ 22- broken open in liquid nitrogen in order'to reveal the

! 23 entirety of the surface for examination.

-()- 24 BY MR. DYNNER:
!

25 O Now, Dr. Wachob, would I be correct that there
1

l

|

|
1

!

.- . - - - .. . . . . .- . . . . - _ . . . . . - . . . _ . , , . . -
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WRBebi 'l- 7 would also be a mate to L DP--lJ and DP-3 I.which would. be -.

' '

J2 ' represented by. the other side 'of the ! crack that was

: 3 fractured in~two?-

''

4 ..
.

~5'

6

7
;

8*

i
,

9
4

10

.-11

12
4

j. 13

14-.

15

. 16

4..
17

18
:

19-

: 20
2

21,

,

22
,

23

!,0 24
.

!' 25.

i

4

|

j'

l
'

1

> - , ~ ~ . . _ . , ...., , . , , _ _ . _ _ . , _ . . , _ , , , , , , _ _ , _ _ _ _ , _ , , . , _ _ , _ . , _ _ , _ , . , , _ , _ . _ , ,
,_. I4-.
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"1" A: .(Witness Wachob);iYes. There would.be a~nate to- -

.

.WRBbrb
.

.

~

-

; 2 it.-
,

. ,

-3: ~Q ;And there.aren't any. photographs-in~the' album

4L that~h'as been furnished-to'us.-- the= mated side.that would.
~

5i I e. equivalent to1DP-l.-b

6 Isn't that.corre'ct?:
,

7
'

A- No . - That is not correct.-

8 .Q. .Okay. - bould. you Lidentify' that for me?
f.

9 -A If yo'u'll move about two pages later, _ you Lwill

10 see a picturel which has Eweld - that .page, the lower''right-

11 hand photograph.which is dark,:unfortunately, in the

~ 12 printing, is the mate to that fracture surface.

13 'O Okay. The one that'is' marked'on;the cover --it~ !

'14 looks like DP-3, except that it is marked " Cam Saddle

15 No . D-2 " . ,,

:

16 A The D-2 is the mating fracture to the D-1.
:
I .17 Q Yes. And there, in fact, is no photograph

18 similar to DP-1.

| ~ 19 A There is no photograph similar showing.the <

{ 20 profile of D-2.-

21 The other thing to note is that that'really is

I 22 Cam Saddle 7 and not Cam Saddle 2.
|
! 23 MR. DYNNER: I don't propose to put this other

'

24 photograph in for identification. I'm going to hold it up
,

25 .so that the~ board'can see that it is -- that it looks just

1
>

'.
;

%

.
-

.
,

,.

vv.-- - - - - - , , - , , , , ,. . . - . . . . -- ,, , , . - - , , -n-, ,,,,-.,,,,.-,-.,w.v,.,. n,,-, - -
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.

.WRBbrb 1 -like'DP-3,-except:|it appears in.my photograph, at least'---

- 12- ~ and I -don' t know whether it -is can exposure or: not' - ' to be -
'

-

-

~

M]
, 4. - BY,MR. DYNNER:

f( 3 "quite a'. bit-darker.
'

5 10_ .Is that quitefa bit'darkerLeoloration on the

:6- mating side labelled D-2|for any reason, Dr.J.Wachob?

7 .' _A .(Witness Wachob) When:they printed.the sheetscof'

18 photographs ~ for:you, that had a d'ifferent.:exposurei The

9 . colors were-all'the same. It'sLjust'. improper photographic

.
10- exposure.

F

, - lli -JUDGE'BRENNER: J'ust so I' don't mislead you:' .I

12. 'can't see it from here. I'm not saying I.have_to. -You

13 certainly have my attention. ~ I 'm sitting here' with

14: - -anticipation, waiting to see where you're going to go with

. 15 all this.

' 16 (Counsel exhibiting document to the Board.)
?

17 JUDGE BRENNER: All-right. I have seen'.it now

$ 18 that you have brought it closer.
.

19 You~probably don't realize it, but you started

20 with the photographic exhibits about a half hour ago.

- 21 MR. DYNNER: Yes. I think this is going.to be of

22 some usefulness..

t

23 JUDGE BRENNER: -I granted you that assumption. I-
,

|
24 just wanted to get there.

t

25 BY MR. DYNNER:

s

2n-, , ,--.., ,--,--,,.m, ,, , - - . ,- ., ,,-e,,-er,~ . , . ..w, , - - - . , , ,..,,e.,,,.-, ,..,,+,e,e ,--.,,,ye. ,, -,..,nn.,,,_
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:-WRBbrb 1 l'? .Q~ Now,LI'think youitestified,1Dr. Wachob;and ~-

: i
' "

.
~

~

2 '' : Dr. .|Rau,D that when thisicrack. sample was fractured, when'it-
'

-

.. .

. 77- -3 was split:open, that'_one. side came away.with most,-if.not
-

xf
4 / all, : of the weld materialLadhering -to-Lit and . the other side ~

15 didn't.4
- - .

'6: ~I s - that correct?--

7'- ~ A'- _(Witness Wachob)7 Thatfis| correct..
8 A' (Witness Rau) It cameiaway with basically ~all of.~

.

9 'the weld material.

10
'

I think if you'look._at DP-1, you'11 see'that that

'll particular half of the two broken' apart has the; entirety of__
,

1

12 the repair weld bead. = The leftLportion, which is'the one

13 shown and labelled D-2, the one that- has ~ not be marked as- an

14 exhibit,- that would be_the-mating-fractures-and,that one has

15 got basically none - of the' original ' repair weld. .It;just has
.

16 the ca'st iron.

17 Q Thank you. I was about'to ask you that-question,-

18 and I appreciate your anticipating my question.

19 Now, Dr.'Rau, it's true,. isn't it -- and-Dr.

20 Wachob -- that in your supplemental testimony, _on page 5,,

21 you say.that the fractography 'of the crack -- and-I'.m
,

{
22- quoting, now, " revealed that the entire surface of the' crack-

23 was covered with a thick oxidef" and that's repeated twice

ih 24. on page 5:: - "the entire surface of the crack" .

25 You didn't differentiate there between the~-- if

:
!

( .. --

tu

, - . . - - . . - ~ - - - - , , , - . .m - . , , , . - ----,e .-m., - - - - ,_ _ . , ----...-,.--,.:-,~..,.. .-.e.

'
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.WRBbrb 'l. we:look:for:a' minute..at photograph DP-3, in;your.. statement:
'

'2L in'your supplementary _testimonyLyou say "the entire surface
'

/w 3 of the - crack was ' covered with a ' thick . oxide, ." . and you didn' t:

'3 sb -

.
-

~|

.

1

4 make any differentiationi between" the portion' of the 1 crack
_

~5 surface that~ once had the weld. on it~ and the other portion.

;6 of L the - surface, did you?-

, . (Pause.)7.
.

8 Can-you' answer.that. question, gentlemen?

9 A. - (Witness Rau)- Yes, Mr. Dynner, the words are

10 obviously as you read them.
.

11 . The question is, perhaps, a little ambiguous.' We-

12- were obviously referring to the casting shrinkage crack and

13 not-referring to.the weld shrinkage crack.

(y ~)' 14 Q- Well, is it your testimony:now, looking at

15 photograph DP-3, that only a portion of the surface of the

16 crack was covered.by the dark oxide?

17 MR. ELLIS: Judge Brenner, I object. We've had,

18 endless amounts of testimony about what portions are the

19 thick layer and what-portions are the thin layer.
i

: 20 JUDGE BRENNER: I think so, too. But I'm going

21 to let him follow up.
l'
f 22 - Mr. . Dynner, you finish and then I'm going to tell

23 you what'I'm going to-say.;

, ,{} 24 MR. DYNNER: We're going to find out, I hope,

25 what I regard -- at least so far -- to be a confusing bit of
4

4

1

*e -&,.-.. - , . - , - -wv-, -vb-er, w w+ - ur-. w-----e--+--r,- i.e,1 e - --vs, ,- r. + + s- e ne r-e--- ,s sew +,- = , i,v- - , - > - - - - -
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; (WRBbrb: Jl: testimony. ~ -
,

< <
'+

, 2: ; JUDGE BRENNER: ,Not'to1me. tButDgo ahead.
~

.
.

, , .. .. .

c- , ,

:3- _
< MR. I DYNNER's ' LAlliright,--Jbutiit'is to-me''. air.- *

,

"

BYjMR.LDYNNER:~ ~! ~.4.'
-

,,,

:5 Q) In . your : supplementary -- testimony 3 you : say? "The E
~

~ 6 L. . entire = surface ofithe crack was covered with .a thick - oxide, "-J

7.~ and'. I 'm asking; you now whether thatf is L still your ; testimony.. -

8 - or whether,ylooking . at7 the, crack Laurface .that 'you hEve -

9 defined in DP-3, .only ~a portion of the' surface ' is covered :-

10 with a~ thick oxide.-
~

'

- >

11 Ai :(Witness Rau)' :Mr. Dynner, Lall along ~our ~ '
,

12 testimony has been-that the thick. dark oxide covers

uniformly the cas'ing shrinkage crack.- That-is the one that".13' t

14 extends from the base of the repair weld ~down to ' the full
4

15 extent of the pre-existing crack.
~

,

:-
16 .On DP-3, the light area of ' fracture at the top

.

{ 17 didn't even exist until we broke it open,.and-that has no:

18 substantial oxide of any type. on it. The weld shrinkage
,

.

19 crack, as we've discussed extensively, has a light, almost'

20 negligible thickness oxide which, in profile, is clearly
L

21 revealed to be very, very thin and markedly different from
.

'
22 the thick dark oxide which is on the casting shrinkage

23 crack.

24 O So you meant to differentiate the portion of the,

..

25 surface shown in DP-3 that was opposite-the weld material

!

,

'

''
_

-

', [ . -_,.!;,..-._.. ,_..-___~,...-_.,m.. .. ....~.._-,~~,_.,-.4,,-_-m~ v.--...-, . - . _ . - - . . - - - - - ,-
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& ' LWRBbrbf Jli from the' portion 1that was below the weld.bea'd.1 * '

.

./
_ |^-

'

_ ,.
~ r-

.

g = 2 .- Is.'that.your testimony?' '

m
,

7] ~

; 3 -: |A lyes,: ~ sir..-Thatihasibe'en our testimony..
Q-~

i4r 10' - :And=onipage'6L- t if you'will bear with me foraa.-

~ 5! few minutes here, L Dr. TWachob', L to help 'outi| my confusion;; on .
'

:

>6: 'page ? 6 'of ? your supplementary testimony, in : the ' last :
'

.

~

=7. paragraph of Answer 9, L you' re talking there,; aren' t - you,.

:8. about shrinkage? crackis in 1the - cam Lgallery. " And you 'sayi-

9. "Since. the oxide wasi presenti over. the-'. entire.- surface of thei

?10$ . cam gallery cracks examined ~ in the original EDG-103 - blocks "

.11 - didfyou mean'to'make any limitation to that statement?: I!m-

fl2 Lasking you, D r . '' Ra u .

.13 . A- What we were commenting about there-was that

'O
'- V 14 there was no' portion of the crack -- I 'm talking-- about~ the..

15: . original casting crack, down at the deepest extient -- which' -
~

,

16. had anything other than theisame~ uniform' thick dark oxide. ;

17 So at the deepest portion -of. the crack - which would have-

18 been the one which was extending it, if in fact there was -

19 any extension during operation -- there was no evidence

20 whatsoever of anything different in the characteristics,

21- thickness or anything else with regardito the oxide. coating.
22 on that. portion of the crack -- that is, the deepest portion |

|

23 of the -crack -- and therefore no basis to distinguish any |
1

- 24 evi<1ence of crack extension during operation. f
25 O So by that statement you meant to refer to what

I
|

,
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' :: ca"; . ; fl= iyou call'the. shrinkageJcrack rather :than- the 1 cam galleryJWRBbrb/
.

..

:

A 2- crack (in.its' entirety; is that.wh'at you mean?'

N L3L A .To the| extent that you~' lump the weld shrinkageI
1,.sb

14 crackfandL the casting: shrinkage crack.together and' call that.-

5 :the total cam. gallery-. crack, ye's, there's definitely a

6 distinction between~those two.

.7 12 Well,'is that what'you' called'the. total.---the

8- cam: gallery _ crack?
.

9 A -In what' context?

10 ' O - Well, what - do you mean by the cam gallery ' crack,

- 11' Dr.'Rau?
.

12 A In what context?

13 O In the' context of your testimony. How do you-

.f) 14 define a cam gallery crack?

15 A ~ lt's been defined over-and over. It consists of

16 the casting' shrinkage crack, which runs r'oughly

17 horizontally, extending from the surface of the cam gallery

18 saddle region in towards the water jacket. After that

19 casting shrinkage crack was formed -- was gouged out, in my
20 opinion -- there was a rapair. weld made. The shrinkage.

'21 associated with - the repair weld ~ 1ed ' to the formation of weld

~ 22 shrinkage cracks.

23 And the totality of those two together led to the '

) 24 surface indications revealed by LP and flourescent mag
25 . particle. And the totality of those two cracks together led

.

, , ,,:-_-- . - - . . , . - . . - - . - . - - . - . - . _ . - - . . - - . - - - . . . - , . - . . . - - - .
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IWRbbrb '1" to the depth measurements:as recorded'by the'TSI depth 1 gage;:.= :
'

- ~ . ,
, :

-

'2 and af observed in the' destructive examination.' -:
1

}p~ -3 -Qz 'And is-;the totality..what'you've besn balling the--

-

,.
:4 - ~ cam / gallery | crack, or'something.'else?:

. .

,

,

5- MR.-ELLIS ' Objection. . Asked and answered.-

:6 JUDGE _BRENNER '' I,'ll2 overrule - it. - ButIthis'isn't
'

'

7 the . big point you though 'it was', - Mr.J Dynner. But go: ahead.
~

~

:

,
- -8- MR.'DYNNER: We'11 get-there.

9- JUDGE.BRENNERr Well,;I think you're past.it

10 already.=' But go ahead.

11. WITNESS RAU: .I 'm not aware that.I.'ve been using.
~

-

~

- 12 the term " total cam gallery-cracks". . We've beenLtalkin's

. 13 about- those two aspects of the cam gallery crackingland the

14' differentiation ~, the differences'~in' the oxide between them,'

15 the reasons'we believe that the conditions under which they

16 formed are clearly-defined by the physical. evidence --

17 BY MR. DYNNER:

18' Q' Let me try again. ,

19- All I'm talking about is something very simple.
i

20 If you look on page -6 of your testimony, -in the -last-
:

21 sentence of Answer 9, you.say, Since the oxide was.present;"

22 over the entire surface of the cam gallery cracks. . . " when . ;

23 you used the term " cam gallery cracks", were you. referring '

'

24 only to what you now call the . shrinkage crack, or were _ you |-

- 25 referring to the shrinkage crack and o.he weld shrinkage

;

I

e

P

,-+3<,ve.e
'
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WRBbrb- 1- portion 'of that crack?

2 A- WeLwere referring.to the casting shrinkage crack.

/" 3 Q. Only?-
V)

'4 A .Yes.

5 0 All"right.

6 And the: difference would be that the -- that what

7 -you call the weld shrinkage crack extends all the-way down
, -

8 to the cam gallery surface, _ as opposed _ to what you cal 11the

9 shrinkage crack, which stops somewhere-before it becomes the

10 weld shrinkage-crack.

11 Is that right?

12 A No, Mr. Dynner, that's not right.

13 We've been through'this many times. I ve got an

() 14 exhibit which we've discussed extensivelyi B-61, which shows
,

15 you exactly what I thought the condition of the casting

16 shrinkage cracks were after the casting. I've indicated why,

17 I believe they were gouged'out, ground out, and why during
,

18 the repair weld process we formed additional weld shrinkage

19 cracks.
.

20 And, clearly, in my opinion, they originally

21 extended all the way to the cam gallery surface; and in 103

22 they, through connection with the weld shrinkage cracks,

23 they also extended fully to the cam gallery surface. That

() ~

24 was clearly indicated by the TSI-depth gage readings, which

25 recorded the entirety of the crack depth.

-

Y
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- WRBbrb ~ 1 -Q Look, I 'm. just - talking for :a minute, if you will
~

~

2 bear!with me,..to photograph DI-3; and I'm asking you n'ow to
-

/~} 3 look at that'. -:And.you've described it once.
.( ) -_

4' ' The bottom of that photograph, that. shows the cam-
, .

.

5- gallery surface,- right?

6 A Well, it doesn't show it,-but the cam gallery-

7-. surface is -along the bottom of that photograph, yes.

8 Q All right..

9 Now,. working your way upwards: the 'first portion

10 of that photograph 'shows what crack? .

11- A The first -- approximately. - quarter of . that .

. 12 photograph shows the weld' shrinkage crack. surface, fracture

13 surface,-after it's been broken open and separated from the.

~ () 14 main - half, which is labelled D-2. .

15 .O All right.

16 And then going up from that, the next portion up

17 to the sort of whitish area is what you' re calling the

18 shrinkage crack; is that right?

19 A That's correct, Mr. Dynner, with one exception:

20 there's a light. region within the generally dark thick

21 oxide. That portion is a portion which broke during the

22 final break-open with liquid nitrogen, and so that's not

23 part of the original shrinkage crack surface.

( ), 24 O Now, Dr. Rau, I wan* to explain to you my

25 confusion, because in your deposition on October 11, at'page '

,



. .. .

;, :, , ,

.. - , - . , .. . . .
,

.,f .
,

*

|

|3 [ . ~
*

. .

.
'

'
,, .

; 9'o 7 o p 1 4 1 1 - M
-

' 26835:
~

*

' yu '-

:
'

.;,

/WRBbrb" LlA 4111i: you ) testified, 'an'd I ~ quote,- and' this is in;line''.13,)
~ '

..
- -

, 1)
* ' ,25; ; Dr. :1 Rau s . -

'

,
,

x -
_

,i

.,p. i3: - - The. oxide which we observed on'"

tg ,

" '

'4- 'the shrinkage cracks - isithick -and 'is . uniform,-
':

'

.

'

. . . . . . .. , . . .., .
~

'5- :relativelyLuniform in thickness all:thelway-<

,

.6| :from-the outer. surface..right onLdown.to.the~tip."
.

, . . x
.

7 What was the outer surface you.were referring to
~

,

;. .-

8 "there?

9~ A: That would have been the' outer surface of-the; cam

! 10 gallery after the - grinding had -taken place; ;it-would 'be the
4

11 ~ middle sketch on LILCO'B-61."

I: 12 And what I!was~saying was that-the-oxide ~is

; 13- uniform. in thickness .over. the entirety of_ the- ca'm gallery-

14 crack from the surface -- which, :again, iis at the. botitom of ;

15- the gouged-out region -- all the :way down to the tip of the -
~

<.

I 16 casting shrinkage crack.'

17 And the point we were discussing there had to do,

18 with if, - in fact, the oxidation had been introduced by the ;
P

19 weld repair process itself I would have expected, because of ;

p- 20 the lack of preheat, that we would have much-more heat right-
i .

j 21 at the surface where the gouged-out region touched that

: 22 remaining portion of the casting shrinkage crack than we

l' :23 would hav'e down at the deepest extent of the casting

f 24 shrinkage crack.

25- And because the oxide characateristics and

!
:

..

;

. _ . -. . . . . _ , n, . . _ . - - - _ . , , _ . ~ . . _ . - - - _ _ _ _ . _ . . _ _ . . - - _ . . . _ - . _ . . - . . _ . _ - . - . _ . . _ -
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i' WRBbrb I 13- fthicknesses were uniformLover theTentirety/from-that' outer-
.u .

.if you.like.---.all;the
~

.

:2 Lsurface - ~ the . bottom of. the gouge,
,_ '7

h7 3 way'down-~to1the'tip,iit.was my opini.on that the oxide had'
, M-i

4 '' -formed.during the, casting process,;not:primarily during the
. .

. .. .

.

5: : repair. weld: process. -
-

.

,

6 -Q . So, looking for" a minute' again at :the photograph; -

7f fDP-3,:in;your-' testimony on page-:11^when you' refer ~to the. -i
~

.

: -_ 8 - outer surface": ' is it your -testimony. now that .you ;did :not -
"

9- mean' the outer surface -.of thef cam gallery, |which :is the

.10 - bottom of ' that ' photograph ; of- the ; sample - in . DP,-3 7 --

I 'll' A' .That's correct, Mr. Dynner.- "

: 12-

13
.

Lo 14
.

.
15

1

16

4 17
r ,

i'

18-'

,

19*

r

i 20
i

21-
.

22-
t

| 23. -

24-

| - 25
;

|.
4 ,

, h
"

1
,.

1

1
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WRBwrb. 1:- Q ~And-the calcium that you referred-to, was a sample

.2 of that taken from the. portion. of the--- what you call the

y] 3 ' weld' shrinkage portion of that crack?
! ,/ -

4- ~A Yes, Mr. Dynner,~the calcium was noted both on the'

5 weld = shrinkage portion of' the ~ crack and alsot on the casting

6 shrinkage portion'of'the crack.

.7- JUDGE BRENNER: That's a repeat . of . one of the

L8 first questions you asked. after the lunch break,

9 Mr. Dynner.

10 BY MR. DYNNER:

11 Q Now, turn for a minute, if you would--- This is a

12 final point to try to clear up 197 confusion. to transcript--

13 page 25,403 of October 31st, the transcript of October .31st.

() 14 MR. ELLIS:- We're going to run to get that, Judge

15 Brenner.

16 - JUDGE BRENNER: Just proceed. I don't have it,

17 either. -

18 BY MR. DYNNER:
:i

19 O Let me explain to you my continuing confusion,

20 Dr. Rau, because, starting at line 20 you testified on

21' October 31st, and I quote. I asked you a question, I said,

22 "You didn' t do a depth profile analysis to

23 determine the thickness of the oxide layer along its

!() 24 length in entirety, did you?

25 And, Dr. Rau, you answered in line 20:

,

T , ,< -7 - .,y% - --+4 n- --m , ,t-g -e- - ,
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4. . .4 - . . ,
- -

:-WRBwrbl 1 :-- ."Yes,cI did, Mr.sDynner.: |ILdid.not report!
. . :

cspecific numbers as welwentidown;theidepth, but Itvery-#2'
-

'- <

7/N < 3 -: : definitely did examin's the thickness "of the oxide as'a7
-

~

:
.

.. . H-

,
. ifunctioniofidepth from the --surface of' the cam igallery

_ l24<- -

~. J<
,.

.
.

.

75 'down1toward theferack tip,-and that'is'the: basis-for.
;

' 6. the testimony ,we have ;given and th'e thicknesses we' have :z
,

7 ;- Lbeen talking about.".

J

~8 - If you turn back-for a-minute to1 transcript 1page-

~ ~ ~

9 25,400, 6there is - reference 'to the thickness' we' ve .been,

.

talking about; isn't that right, .Dr.=Rau;: the reIntive'lyL10:
-

{; 11- uniform thickness which you said .was"from - .'2 to . 5 mills?
~ ~

'
- 12 LA . (Witness Rau) Yes,-Mr. Dynner,-there is mention

,' 13 of that thickness of oxide.- It was clearly-testified on
~

14 many4 occasions-- I haven' t read the entirety- fore and!after

15 this reference. --that that deals with ~ the thickness. of the
<

- 16 - oxide on the casting shrinkage' crack. It.does.not: deal with'
,

<

17 the thickness of the oxide on the weld shrinkage crack.

18 I have testified'on various occasions that that's'
~

'

; - 19 very, very thin. It is dark, but it's very very thin,'and,,

20 completely unlike the thickness and characteristics of the4

i 21 oxide on the casting shrinkage crack.

| 22 Q So how do you account for the fact that on-
!t

23- transcript page 25,403 you specifically testify about the

f 24 - thickness of the oxide from the surface of the cam gallery-

i
25. down towards the crack tip? The surface of the cam gallery

i

|'
;.

. - _

eg -rm+ Fw viy-# p+-m' wew a- e te- *a -tr*e- <--.*ysve-99- 9*-- w-gc'.-a-r%.g g.-9g-g,yg-egm%y-p,yi-g*.y-49,,.,.g+g,gw-p /, a-wwt- g+N-reamy.*ysg-genwwy=9 m rw+-.yy-
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'?WRBwrk .1' you' ve- alreadyi said was part .of. the -- of what' you calli the

2 -weld; shrinkage? crack.- -

f'y . |3z A -That's exactly what:I just said, Mr. Dynner. I''
ds /1 1

4- -examined.the1 thickness-ofithe oxide:through the.

~5 metallographic cross-sections all the way' from' the' surface: 1

6' down along the weld shrink' age crack,c all/the way'along the-

47 - casting shrinkage ; crack down to ' the tip. - I've testified

8 Jover and over-again;that that oxide was-very thin,'almost
-

: 9 negligible, . on the weld shrinkage' crack, 'it~was thick,

10 .between . 2 and . 5 of a mill, t and uniform, and dark all :along -

11 the casting shrinkage . crack from the bottom of that repair-;

12 -weld all the way down.to the tip. And that's exactly what I
'

13 said-here.,

() 14 Q Dr. Anderson, you looked at these samples, didn't
1

15 you?

4- 16 A (Witness Anderson) Yes.

17 Q Did you observe any--' 'Could you observe any-

J. 18 difference in the thickness of the, what I'm calling the

19 oxide layer for convenience saker did you observe 'anyL

| 20 difference in the thickness of the oxide layer from the

; 21 surface of the cam gallery down to the tip, or did it look

22 relatively uniform to you? ;

i

23 A In the manner of looking at it flat on, as I did,

() 24 it looked fairly uniform. I discerned no differences.

I 25 Q- Did you look at it in a cross-section view similar

; .,

. . _ . _ . . _ . - . . _ _ . _ _ _ . . _ . , _ , _ . . . . _ . . . _ . . . , _ , _ _ _ - . , _ . . . _ - , . . , _ . . , _ . _ . - -
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-WRBwrb = 1 ;: 'to the photograph:that we've marked a's;DP-1?? i
t .

T:2- _'A Yes.i-That's alseparate apecimen. . I'did look at-
.

,
.

. ,y - 3- that.
t. o

4 10 ' And in."looking at it that way, did you discern any.
'

'5 : difference in~the thickness ofLthe oxide layer from the

-~ 6 surface of the cam ; gallery 1down toward the crack tip?

17 A ' At. the magnifications I(was using, no.
~

8 -Q .What:were those' magnifications?'

9 A -I believe: they would be 50 and 100.

10 Q Dr.' Bush,-am I~ correct that you did/not examine
~

~ 11 = _these specimens-with any care?
,

.12 A '(Witness Bush). The specimens I did not; the.

13 photomicrographs I did.

d(f 14 MR. DYNNER: Well, I 'm going to mo're on to a

15 different area, unless the Board has some questions.

16 JUDGE MORRIS: I'd like just to follow up with

17 Dr. Bush.

18 What were your observations?

19 WITNESS BUSH: My-observations were, at the-higher ?

20 magnifications that there was a distinct difference, and the.

21 area underneath the weld, so far as the thickness . of what we

22 will call oxide for convenience, it was either.non-existent

23 or very thin when one was in the area adjacent to the weld.-

(} 24 JUDGE MORRIS: So do you concur in the conclusions

25 of Dr. Rau?
e

I

1

>
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-WRBwrb- 1 WITNESS BUSH: -I.do.

-2 JUDGE MORRIS: Thank you.-

f~1-
. 4 Q - Well,' I 'm correct, aren't I, Dr. Bush, that there

) '3. BY MR. - DYNNER: -
4._

.

.5. was no magnification above 100 power of the area before the .

6 . crack was fractured between the weld and the cast' iron-

7 s.urface; isn' t that 'right? There were no photomicrographs:

8 above 100 power?

9 A (Witness Bush)- The was 150 and 100X, and then as
~

10 you go further down there are 100 and 500X,.yes.

11 O When you say "further down," you mean further down

12 the surface of the crack; is that right?

13 A That's right.

. ) 14 Q And I'm talking now only about the area showing

15 the interface between the weld material and the cast iron.

16 There's nothing more than 100 power on that one, is there?

17 A That's correct.

18 O And is it your testimony that, looking at the 100

19 power photomicrograph, you can tell whether or not there is

20 oxide and how much oxide there is there?
.

21 A I can tell the absence of oxide, or I can tell

i 22 from the color the presence of the oxide and, as a first

23 approximation, the thickness.

() 24 O The photographs we' re talking about are in black

25 and white, aren' t they?

!

s

.- . - - - ..,a , - , , - - , . , , , - , , . , - - , , --...gr- - .,..., .r
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', [WRBagb. l A That's correct.-
''

2- ~Q- 'So when :you say you can ~ tell: by- the color,f what

'

:f-Hc 3 are ' you ' referring ' to? '
As-[

~4. AL Black and white and ' gradations of color through

5 gray.. Land th'e gray-is the important-thing that'you are

6 looking_for here.

'7 'A (Witness Rau) - Can I simply add for.the. record,

8 thas.the photographs you are referring to are County S-4,
,

9 which on the right-hand side shows the absence 1of any-

10 -discernible oxide at-100. times magnification on:the weld

- 11- shrinkage crack and the comparable-picture on the casting

12 shrinkage crack at 100 times magnifica' tion is LILCO Exhibit

' 13 B-63. #

( )- 14 'And at 100 times magnification it' is very clear
,

15 and very obvious that there is a thick oxide on the casting ~
L

16 shrinkage crack and it is very obviousLthat there's no such
'

>,

17 oxide on the weld shrinkage crack.<

!

: 18 O Are these photographs.that you are referring to
i .

!- 19 photographs of the side that the sample D-1 portion of the ;

!-
20 crack was taken or are they of D-2 portion of the crack once j

| 21 it was split open, or don' t you know?
|

[ . 22' A As I said, Mr. Dynner, it is not exactly the same

23 amount but basically the photographs we are referring to in

( ) 24 S-4 and B-63 include both halves. I mean it is in fact the

I 25 crack before it is broken open and one half would be

- ,, ,...---.-. ...-,.-.- - . . - _ - - . . . _ . . . - . . . - . . - . . . - . - - _ , - - - . , ,
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'WRBagb 1: analogous to D-l', that is the left-sid'e, an'd thefright side
2 would be analogous to D-2. . :So'they are both there.

~y ' .3 - Q 'How can you tell that? - How do you know that?fJ
4- A' . Well Mr. Dynner,Yif you look at CountyL 81?for a

5 . minute you have here the mounted Lsection, at least|one of.
~

6 those on which th'e metallography, > that 'is, the : profile -,

7' ^ examinations of thei cam gallery region were made. Clearly-

8: the cam gallery crack location hasLnot yet been, broken'open
~

9 .in County 81 and it has, if you lik'e, both the11 eft'and the
1

10 right-hand' sides of the cam gallery.in?.this' picture.. I mean

11 'it is actually top and bottom in the' actual block,'fboth' *

12 ' halves are still-intact. And this viewfis the one''which the~
i

13 ' higher magnifications at 100X are shown'on S-4, that-is

1() '

14 County S-4, and LILCO S-63. So both the left and the right

15 side are top and bottom, both sides of the crack are shown

16 in those exhibits. Once you break it open,.you then have
'

-17 two pieces and that's the D-1 and the D-2 which were

18 examined in-the scanning electron microscope and optically
19 directly at the fracture surface.

.

20 Q My question was a little bit simpler than that.

21 You have orientated us already to the location of. the '

| 22 photographs in County's Exhibit S-4 with respect ' to' the !

23 photograph CB-1, which is part of County's Exhibit 81. . I

h 24 Now you were referring to LILCO 's Exhibit B --

i 25 was it 64, you said?
!-

,

r

i
f

I
'

,

,

!

,-.. . -.. -. . - . . - - - - . - . . - . - . - . . - . - - . . _ . - . ,
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WRBagbc i1i
. 1 JUDGE |BRENNER:' :63. .

>.

:12 - MR.-DYNNER:1 63; -

;

o.

: f~{ .. ~ :31 BN: MR.--DYNNER:
~. . e

'#
. ,4E , O '- -Now-thoseidon'.t sh'owJthe' area adjacent to th'e -- Y

' '

:5 . that'is, those don't show-the-boundary'of the weld materiali .

'

'

6 ~to the-castfironiido:they?: -

7 - A '(Witness .Rau)- Noi Mr. Dyriner. !As'I have.
''

o.- ,

8- iridicated previously, : B-63Jis ta high'er magnification' . view at-
'

:9 the ~ deepest point' of the casting -shrinkage crack. -I f , yo u -,
_

10 like on. your. CB-1 it would be at . thi: uppermost portion of( '

11' the' casting shrinkage crack, that~ point' closest to the water:

12 jacket side at the top, or'on LILCO B-61, the sketch I=haveL

13 indicated and talked about before, it would be at~the far
.

-

14 left or deepest portion .of the casting shrinkage - crack..

15 Q Yes. And'what I'm getting at is-with respect-to '

,

16 the photomicrographs that Dr. Bush saw he'only saw the~arean
.

.

17 which you have - so far identified as coming from .the~ section ' i

18 of the crack that was split in two shown in the photograph
,

'

19 on Exhibit 82 as DP-1.

20 You don' t have any similar photographs -showing

21 the boundary between the weld material and the cast iron.for
i

22 the portion of the crack which was later denominated D-2,

f. 23 isn't that right? i

24 MR. ELLIS: Objection to the form of the

! 25 question. There was a sentence or....

|- .

t

I

f : ..
"

!.
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' ' JUDGE BRENNER: * I, am yoing to sustain theWRBagb '1-
-

,

,, -- -
_,.

<; 2 'h ot j ection. You can ask it againlif. you want..to.. I think it
*

p 3 g62'alittleconfusing,>'l
least{to.me.at._

, ,

% - . s

', 4 MR. DYNNER: |All right. I '11 try . it -again, sir.j
" .5' f JUDGE' BRENNER,:, But hou may want.to ask Dr. Bush-,

4 .
*- C'6 vKat.he saw again'also.

7 , MR. DYNNER:' I '11 do it that way.,

s c ,.

'

3 . JUDGE BREN54ER: If it is important to'you. It's8
~

~

i. /.'
9 Tiot important.to m'e.'

; . +
' ~

~ ~

, 10 MR. DYNNER: Is'it important to you, Judge
',

.;

11 Morris? Lek'.stakeavote. If nobody cares I won't pursue
'

,

,

Y 12 it. ., _

13 JUDGE MORRIS: I think'you have covered it.
,e, ,

' ' '

14 MR. DYNNER: All right. I'11' drop it.
,

c.
'- 15 JUDGE BRENNER: .I do have;a' question in the'

, a-
'

16 area. ' '

,

17 Dr. Anderson, when you' looked'at the sample you.

>. .
,

18 looksd at of the area tha'c was brokeh apart, did you look at
. , .

,

a view identical to or -- well, f<ki'd you look at' the samplel% 19
77+.

3 20 that we see in DP-3 on Suffolk Co ty' Exhibit 82 from that

21 view? f ,

' '

, . .
22 WITWSS ANDERSON: Yes, I did.

/% ~

23 JUDGE BRENNER: The same sample?
I

. ,
' WITNESS ANDERSON: Yes, 'I believe it was'the same24

25 sample.

< .

.

p -

% j

^'
.

1

'' ,/ >

/ .b # I)a
. - _ _ _ , , ,. . , _ _ . .- .. - , - - . - - . - - -- - . .-__.

I
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-WRBagh l ~ JUDGE BRENNER:- - All- right.

1! .
~

..

,In any event'you-at least looked at one that

ps 3' would have that same view.' -
v

4~ WITNESS ANDERSON: _Yes.

5 JUDGE BRENNER: Did you see~aLdifference in color

6 of the. layer?-

7 WITNESS ANDERSON: JThe darkness' appeared to be

8 covering from the. original surface down.to the base. .It'

9 probably was a little-lighter toward the top:for somei

10 reason. But the distinction.is one'that I could only -

11 estimate. But the color was uniform, principally uniform-

12 throughout the entire length.
.

13 JUDGE BRENNER: One last time and that's it.

() 14 Dr. Rau, do you want to describe what you saw in

15 : terms of color or shade?

16 WITNESS RAU: Yes. I want to indicate that there

17 is not necessarily -- in fact there is not a difference in

18 color or shade of the oxide on the weld shrinkage crack

19 compared to the casting shrinkage crack, they are both. black

20 or dark.
'

21 However there is a substantial difference in

22 thickness and you can't really examine the thickness very;,

23. definitively looking at the fracture surface, you have to

() ~ 24 cut it in profile and mount it and then examine it with a

25 microscope. That's what I did. And we did extensive
i

I
|

I
'

,-

l-
.

L-
._ - -. _ ___ __
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.; 5WRBagbl li : examinations.- County.ExhibitiS-4'is a-representative sample;
,

2 Lof- the .Ilack of any (thick oxide on ' thelweld : shrinkage crack.-
,

_

3s
.__ . . . ._ . . .

[]i < And LILCO Exhibit. B-63"is ;a- representative' sample f of the '-

4

N.' . . . . . .

'

'4, 'thickLoxide'on the| casting: shrinkage? crack.=
'

-

^

5 - 1And I observed that' consistently.over.the .

,

:-- 6 | ent'irety f of : the - casting j sh"takage ;. crack-. and - overL the '

E7. entirety, of the weld ! shrinkage cracki JIt is'inot .a matter,'of -
.

8 black, f;they 'are; all- black, : there.11s' n'o _ red rust ' oniany of :
.

,

'9 : them. . ;But there is?a substantial: difference. in :thicknessL

.10 . revealed byfthose' exhibits and much'more'. extensive

~ 11: . examinations that'we:did..
'

12 JUDGE BRENNER: :Dr. Anderson,.-: remind mes. :Did.-

13- . you . look at- it- polished - and mounted:in Fa microscope 'whenf you

. 14 said you' looked at: the 100 power?.
'

15 WITNESS-ANDERSON . Yes. -We-would be ta'lking.

16 about the -- What is it? -- Suffolk County. Exhibit 81, the
~

L

;

'

. -17 ' side views. Yes, those were polished-and: mounted, yes, and-
.

18 etched.

19 JUDGE BRENNER: Yes. %r those aren't at 100

20 - 'powe r.

21 WITNESS ANDERt,.d: 1.cdon?
Y

22 JUDGE BRENNER: Didn' t you tell me you looked at

23 it at the 100 power?

24 WITNESS ANDERSON: Yes, but not above that.

25 JUDGE BRENNER: How much more do you have,.4

.

.

f.

, ,_.-.: . . . , . . . ,, _. . . . , . . . . _ _ , m,- . . _ . , ,. . , . . . . . . ,, ,_ 'e1 ,,,,,,_.-y,
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3k. t . I .
,

'

n
'ff ' |WRBagb .) Mr.1 Dynn'er? -1 <

,
-

-

. - .
I' r ,, _ - , _ _ . .. ,. ,-

* -

MR.'DYNNER:: DI'm fin 1the L_ process :fof trying to cut:- 2 5 , ,

.
,

-
i

, -_
-

,

,

g,f Q - ;3 Itt(down.' '

~

'
g_ . : , _ ,

% J - . . . . , , .,, .

. '
2- 4 '

.

JUDGE BRENNER: . LYouedidn'.timake 'use ;ofJ he panel'c', t:

..
,

' ~

the; way I! envisaged.; II 'm(not\goling to -bblaborl'it", fI''llf just;.

15' :

t

6- Emake that?-statement.
-

_

>

\

17.:
'

E JUDG'E . MORRIS : Dr. An'derson, you just referred [t'o f,,
.

?Suffolk' County Exhibit $ 81(with respect .to|your lobservation . ~i:8'- -

. .. .
.

.
. _ . . n

-- 9 . of'the oxide 3 1ayers.. Those: photographs'are-at:most'at 2-
.

i-

(I..O . itimes J aren' ti they? -, -

,

.

- ~117 fWITNESS? ANDERSON:- I ' m 'sorry, . they- are -
,

. ,
_

y ,
12 -macrophotographs of - the specimens "that JI had access 1to the ~ J;

-

13 Failure. Analysis ~ microscope t'o'look at, so:theyTjust,

.

- ) 14 represent-the samples. It's not the-photographs;themselves-,

.

.15 . that ' are of value to me. -.

~D
16 JUDGE MORRIS: I see. . So.you'actually.look'd.e

I,

I17 through the: microscope with 'as much as 100 times
>

[ 18 magnification of these samples?
.

19 WITNESS ANDERSON: Yes.
''

20 JUDGELMORRIS: Thank you.,

21 BY MR. DYNNER:'

E

-22 0' 'Dr.. Anderson, you also-looked at the -- or did
,

23 you also look at the samples which are shown in photographs.

24 -- in . the .three photographs I refer to on Suffolk County

jz '25 Exhibit 827
.

i

4

4

L

m -- -+.r-e- v- # - -m., , v,=, r w ,v, ,,,,,-v, ,,- .w. ,---.v., - , - - mvo w - - ---w-+--. --.,-..-,-,--,-,.-,,w * - ,-
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WRBagb- l' TA. (Witness Anderson) 'Yes,'I'did.
~

1

:2 O .Thank you. s

gfX _ .3~ . JUDGE ~BRENNER: Let me try,one more:-
(_) '

,4- J Dr. _ Anderson, ; don' t you see L the - differences
.

..

.5 between LILCO Exhibit :B-63, the ' upper _ photograph -magnified

6. .100Ltimes,, and Suffolk. County Exhibit S-4; :the right-

7 - . photograph magnified 100 times?_
-

8 MR. DYNNER: Dr. Rau can. share theLoriginal

'9 . photographs with his' colleagues.

10- . JUDGE BRENNER: It is two 100 times magnification

11; photographs. One of ~ them is .one of. the photographs 'in LILCO :

12 Exhibit B-63, the other is the one you should have,

13 Dr. Anderson, it-is your own Exhibit'S-4;

h: 14:- WITNESS' ANDERSON: -I have a copy he can look at.

15 JUDGE:BRENNER: We.have been talking about-it for ,

16 ~two days and I assumed they had them.

17 Don' t you see the difference in the --

18 WITNESS ANDERSON: . Oh well with the 500, yes.
~

19' JUDGE BRENNER: No, just the two.100's.

20 Use. your magnifying glass, if you want. to.

21 WITNESS ANDERSON: No. There is a fuzziness

22 .around the fracture.

23 JUDGE BRENNER: -I want to be very candid ~ with

() 24 you, I mean even I see the difference and I have trouble
;

25 with a lot of these things.

|

|

_. . _ . . . . _ . ~ , . ~ . _ _ . . - _ . . _ . . _ . , _ . _ . , . , _ . . . , , ,_
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WRBagb: 'l- WITNESS' ANDERSON: .Is -there another one of these?

-. 2 (Document'. handed-to Witness' Anderson.)-

. 3- - JUDGE BRENNER: I should'say I saw the difference-D] L

4 when. I. had the two originals' in front of me.

~

.5- WITNESS' ANDERSON:' There is a' sharpness in oneL

.6 case and a' fuzziness in the other' case. - The upper | fracture-

7 -has < a sharpne'ss and a delineation of a black -- a dark black

8 and a light gray-in~the fracture portion.' The bottomL of the

.9 crack.is fairly-fuzzy in all areas. But'you'll notice that

10 there are areas which are not associated with-the fracture
'

11 'that are just where the graphite is and.it has the same

-12 fuzziness. So I used that as sort of my control condition.

13

~O- 14. h_./

15
,

16
.

17

18
-

19

20

21
,

22

23

. 24

25

.

s
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* ;WRBeb[ ,ill ' You .will not' ice the photograph :ath the top' wheref

~

U
}- 2; fthe weld isiithat"the graphite 5|in'that-|locatiSn is[ fairly;

Mi. Q ' ,'
:3 sharp,fso there ista'; fuzziness toione; photograph and-L-

,

'44 :sharpnesalthat runs through.theLother..-
'

.

, ,

I:5" JUDGE.BRENNER: Dr .f Rau , what about :| that? . ' I f you :

look)adthe|two*photosfin ILCO j Exhibit 1 B--63, f tsken $ at 500JX.
'

L6' '

7' ' magni'fication; : do 'you see ilt?.1 Are - thosef. graphite flakes?f
.

~

: '8 ~Let'sLtake the"one at the;very top that'.you,see!only partu-

_

9 J o f. _

'

4

'10 ~

WITNESS RAU ..I'm sorry,ftake the.100 or the 500?; '
~

,

I 11. JUDGE BRENNER:- The 500.' - -

,

12 WITNESS RAU:- And.what is~yoursquestion?

13 JJUDGE-BRENNER: At'the top, wha't is'that at the'

14 top?-

15 WITNESS RAU: That's another-graphite. flake that-'
>

[ ~16- has'been oxidized, or around which theJperlite has been1 .

.1

17 oxidized. That's a . portion of the casting shririkage -crack,

:

18 which is connected to the major- portion ' of the crack . out5in;

j' 19 the plane of the polish. In other words, it is? link'ed up?
:-

20 just below or just'above where the plane was.,

, . .

21 And the-thick oxide is clear.and uniform on both

f .22 - those portions of the crack as well as the regions in

23 between where..the graphite flakes were, as shown in the
4

'

'24 - middle of the 500 X magnification photograph -of B-63.
, ,

.

i 25- JUDGE BRENNER: What is that a valid, control,
!-
!

!

I
i:

s

|

|,

c
.- 1 - . _ _. - . _ . . . . . - . . _ . _ . - _ . . , , -. . , , . , . . . . _ . . . . - , _ _ - . . . - , _ _ . . . . . . . . . . - , . . . . , , _
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1,- , Dr.f Anderson,7if 'it "is ~ part of the''same crack network?la LWR 3eb ,

L 2 -I ' WITNESS-' ANDERSON: i I'wasn.'t referringLto thel 500[-

.

.

- VN: '3 X. I? believe - the 500 X ; clearly 'shows -.in 'itself. :
_

.

.

. hat,is:W <

|U
. . . . .' '

4. : missing!is a 500 X-,upLin the weldDarea1which-we;could>

.5 ' '' compare"on itself.;

6!
' !It's: the _100 X where if youl_go off-crack .and look.

-

7. atn the_. artifacts then' that's what one would look for.

8- JUDGE-BRENNER:- Mr. Dynner.
'

9 .BY MR.-DYNNER:
~

' 10 . Q . Dr. Bush' 'are you all 1right?i
.

"
- 11 A: -(Witness Bush) -Yes, I 'm all right. - Sure. -I .' m

12- just listening.

13 0- W e'll , I'11'give you a; question-you can-answer.
.

14' A' .- Ok ay, that will wake me up'.

, 15 0. Can you tell us at approximately:what temperature

16 range you would expect to find wustite" oxide ~ form in-'the

} 17 block?

18 A- I'm not really an expert'in that area but'I would--;

'19 expect this to be the higher temperature regime. I guess a

20 semi-educated guess would tend to be up in the neighborhood:
:
! 21 of 12 to 15. hundred degrees, something of thats nature, but

22 that is-just a. guess.
,

23' O- All right.

[) ' 24 These questions can be for any of the experts -on
n .v .
"

25- the panel. .I just wanted to get the temperature range.

:

s

4
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w iWRBeb4- ~l'
' " Please tell'me whetner you are talking. Fahrenheit

or Centigrade,;becauseI.I;get: confused.
~

'2_ :

"

_. ..

}j ~ : 3.- |A' -'I wouldjconsider it:as' forming-in the upper part
F

_

_
.

^

'

:4- 'of; the -- solid ' range. J I 'm Lnot 1 concerned : too 1 much . about - that,'

J5J sso.thatiwould put'.it I would considerfin what:I call the '

.6 . a.usteniticLrange,;so I would put-itmup in that. temperature

,
ranging. possibly at 17 L to 18. hundred - but- I . imagine it: is7~ -

-

18 ' fairly continuous,:but.I' don't.knowLthe-lower-breakpoint on-

.9 the thing where you'might-get:the' transition.
'

-

10 ,-Q. Anyone'else onTthe-panel?-

.' ll i ~A - (Witness Rau) Yes, it's as Dr.-Bush has-- He-
~

'12 has gue'ssed correctly.- It's abouti1200sdegrees FahrenheitL

13 for the lower. bound.- It will~ form above~that temperature.

14 . Dr.[Wachob may.know more.specifically.-

15 Q So 1200 degrees Fahrenheit upward :to 18 or.
'

'

,

16 higher? i

17 A (Witness Bush) It could probably-go higher.~but-

18 it becomes academic when we have molten' iron, so I'm-

.

19 considering it -only ~in the context of the solid material.

20 Q You will notice you' re talking to 'somebody who

21 doesn' t know the. temperature of molten iron.

22 How about the temperature range for the' formation

23 of hematite oxides? Anyone?

24 A It's a low temperature. Let's see. I am trying

25 to think of the hydrated oxides that would form there, too.

|v

r

'

1

,

* .-e-.- ,_...-y .--....m- -..m ,----r,... - , , . . ,-e.- -,w .--.--+m#ev-,,~ .,-,.,.i w,c.,,.--,~.v.,---%.-- e,r,,,,,-w-evr
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WRBebi - 1 -- 'I'think these~are-- Iihave to get myself separated ~into the<
-

l' ~2 magnatite and.the hematites.

>f Q 3 Now I would say these would be the|
:C/ >

-4 low-temperature regime, probably 400" degrees or_so, and
,

- t

5 . down. Perhape 400. may _ even be~- on ; the ~ high~ ' side r I 'm not'.-

'

15 sure.

:7. O_ Dr._Wachob?-

.8 - A I 'm talking Fahrenheit -in ~ this instance. I won't

9 change gears with' regard to'CentigradeLand Fahrenheit.
~

10 O' .Thank you.

11- Does anyone disagree with_that?'

12' .A '(Witness Rau) Yes. I think.Dr. Bush is a little,

13 bit on the'high end.

l )- 14 Certainly the conditions'under which the

15 transition from the FE203, which is the hematite, to the
-

16 magnatite, the FE304 kind of ' oxide, can depend on a lot.of

17 different factors, but generally speaking, the FE304 will

18 extend -- will form from temperatures- like 1200 down to --

19 I 'm not sure what the lower cutoff is, but I believe it to

20 be lower than 400 in general.

21 And then the FE203, the hematite, is.the low

22 temperature -- lower temperature oxide.

23 And again, Dr. Wachob may want to add to that,
-

.

.24 too.

25 .O Do you want to add anything, Dr. Wachob?

m



- -

_ _ _ _

, ,

.u #
''' h

--

_

+ i

?9070.'16i05i 26855
~

WRB'eb i [1 A -(Witnes's Wachob) ~ < No; - "

2i ~Q"- 4All;right.
'

p; 3 .' Dr.JAnderson,:do:you generally,_ agree with theses

, x/
.

. .

4 numbers,i or.do'you have any.~disagreem'entTwith them?
'

.5~ ? A .. -(Witness. Anderson) I think?it.'is:a'real::

pleasure to be ableLto. agree with my: colleagues'for once. If
~

t6

7 think.I'll stop at that.4
-

~

~

8 'MR.-DYNNER: I 'm not , going ? to spend 'a -lot of time
,

9~ because this' ground has been gone over somewhat,;but.I.just-

10 have a . couple of-- questions ~ to put .to them, Judge..

L11 JUDGE BRENNER: Well,'that's fine. And I know-

12 you keep putting things 'in the form of ' questions to the

13 witnesses when you are, talking to me, and that ' s '. fine

14 also. But ' don'.t expect- to finish this panel - your-

15 questions of this panel at one minute before the time you
~

'

16 expect this panel to be dismissed, because that is not-going

17 to happen.

18 MR. DYNNER: I understand that.- I understand,

19 sir..

20 JUDGE BRENNER: Okay.

21 MR. DYNNER: I really.am trying to cut.down on a
,

22 lot of this, albeit it's difficult.

23 BY MR. DYNNER:

24' Q Dr. Rau, let me give you a hypothetical.

25 If you were to find that the celebrated oxide

:
1

. |- <

|

l

. , _ . . - - . . _- .. _ _ . _ _ _ . , . . . . . , - ~ . - . _ _ . . . _ _ . _ _ . _ _ _ _ . _ _ , _ . . . . _ _ _ . . _ -
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'1 layerLwas comprised- of hematite, it is true, isn' t'-it, Ethat'.:
s

.

"'
2 that would indicate ' that your; theory. of. the formation of the.

N 3 oxide'l'ayer would.not~be'' correct? ~ Isn' t that right?c
-

-V.
4 ~A~ -(Witness Rau) Your hypothetical is not : complete . J

5' enough for me to answer. You mean' I am to assume - that it is.
'

6 hypothetically'only. hematite,ithere is'no hydrated oxides,--

7 O 'Let's' start--
8 '- A 'there'is.no -- nothing else?~--

9- Q Let's start with hematite, 100 percent.

10 A If. that is all there is and - if the interrogation

11 was sufficient to insure that that's ' all there was in~ all'
~

12 layers from the top of the oxide all the way down, .then I

13 would agree that my perception of the formation of the crack'

.() 14 during the casting procesa would not be what it was..

15 0 And let me put the shoe on the other foot,

16 Dr. Anderson.

17 If we did this test that- you have been

18 advocating, what would convince you that your theories about

19 the formation of the oxide layer were incorrect?

20 A (Witness Anderson) Certainly-if the higher

21 temperature . oxides, wustite for sure, but a spinel-like

22 'magnatite being present, I think that would be sufficient

23 and adequate to indicate that it truly had been

() 24 characterized properly by the Failure Analysis people. '

25 0 Are you saying that if any presence of wustite 1

!

1<

. . _ . _ .. . ,_,,- _ _ ,-.._.,-. -- . . , . _ , _ . - _ - . . _ - - , -_ - , . - . ,
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- - -. WRB e b . ' Eli wasi foundI 'inithe oxide layer, , that- would Ldisprove ' your--'

.c

_
2 ithesis?

; _

;/ N 3 :A' . : Assuming-.that?there''has beenLno partial. : i

s JL .

..
.

in other.words, nothing has - l4- ~ deoxidation of. the oxide f layer,: ~
\.

. l

I ;would :accepttas def' nitive the ' presence of -i i5 happened ~since,
:

6- - a wustite.-

; 7 Q ;How about?the magnatite?

8 A- I think that.gets into'the middle ground. - If I.

9 saw wustite I would expect.magnatite. If I saw~ hematite:I i
'

. , .

10 . would expect maybe some magnatite. LSo: a wustite-magnatite . I

. 11 still would say was properly characterized. '

12 I think the magnatite is non-definitive.

13 0 'Well, consistent with your theory, would you be

f()- 14 willing to surrender. your thesis if you found -let's say more

15 than -- if you found that there was more than 25 percent of <

16 the oxide was a magnatite?

17 MR. ELLIS: Judge 3renner, I object to all of

18 these hypothetical questions. They are based on a test that

19 has not been done, and as far as LILCO is concerned, will

20 not be done,-is not necessary. And there has been'a great

21 deal of . testimony relating to that. And I therefore object

22 to the question.

23 JUDGE BRENNER: The test is not going to be done,

:( f 24 never. Is that what you're saying?

25 MR. ELLIS: It is not LILCO 's current intention

.
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. RBeb-' :1 to-conduct that test.W
.

2 JUDGE BRENNER . Well, LILCO has changed its
,

7].; 3 intentions from'. time to time:in this very. proceeding.
V

:4; . Correct 7

5. 'MR. ELLIS:.~Yes,-that's correct.--

6 JUDGE BRENNER: Well, let's leC him :ask a - few
.

7 more questionsLalong theseflines. >

8 MR. ELLIS: .Yes, sir.

9 ' JUDGE BRENNER: Some of them are repetitious of'

10 questions I' attempted to ask, LbutL perhaps not as well. So

11 I 'm not certain the exact information is there, ' but I think

12 .similar information is already in the record, Mr..Dynner.

13 MR.. DYNNER: Yes, sir.

( 14 WITNESS ANDERSON: I think.I would always.be

15 willing to change my opinion if new information comes in

16 that buttresses my concerns. This would qualify as new

17 information. It would be irrefutable and it would certainly
,

18 give an unambiguous answer to the surface.

19 And I might point out what it really does is not

20 just -- it doesn't just identify the surface layer, it

21 identifies the whole etiology of the crack.

22 BY MR. DYNNER:

23 Q Go ahead, Dr. Rau.

() 24 A (Witness Rau) That was a different question.

25 .The hypothetical I answered. I have a comment to add to

,

-

,

- ..m. ~, ,- .- ,.------.,m ..--.,,,.--,m-- p ._,m3._-,-gy----y,, .-%y, , , , sum-<
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2 . ha't'Dr.fAnderson has-just said._ RBob 1:W w
,

, ;2 . He [ indicated that the presence' of, magnatite ' would ~

not'be'' conclusive in his opinion.-;We have already' testifiedif% -3
L) L

54 that, based on our:calculatio's.and analyses, that'it is ourn

5' belief that thatioxide, the thickEdark oxide is magnatite.
~

6: It;is.not.our. belief ~that it is wustite.-

-7 -In the absence 'o'f wustite and the presence' of .

-8 magnatite- or the presence of some low-temperature oxides

9- .like. hematite along with the magnatite would not be :

10 definitive. It wouldn't be: conclusive with regard.to'the-

11 formation' conditions of the shrinkage - - the casting.

12 shrinkage crack.

13 For that reason Dr.. Anderson has-just indicated-

i 14= that the test which-he has been suggesting need not be

15 ' conclusive because he just indicated that the presence of '
16 magnatite and hematite together wouldn't tell him whether or-

'17 not it was a shrinkage crack or a low-temperature crack.

18 And as I have already indicated, it is very difficult to do

19 that kind of test properly.

20 I believe it-is completely unnecessary given the

21 thickness measurements and given the marked and clear

22 difference between the thickness of the oxide on the casting
23 shrinkage crack and the thickness of the oxide on the weld

:24 shrinkage crack.

25 I have already indicated there is no way to

m
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WRBeb: 1 explain the . differences or lack of oxide on the weld -
~

2 shrinkage crack and still explain the thick oxide on'the

j'j 3 casting shrinkage . crack by any sort of an operational

4- mechanism. For that reason, it is completely unnecessary-

5 and would be inconclusive to do any additional testing of

6 this type.

7 JUDGE BRENNER: 'Dr. Rau, I did hear what

8 Dr. Anderson's view on what he thought the presence of

9~ magnatite would show. I'm not sure you . fully characterized

10 what he said. But I thought it would be consistent with

11 your opinion that the presence of magnatite would be

12 inconsistent with Dr. Anderson's theory that the cracks

13 occurred during' operation.

() 14 WITNESS RAU: I agree with that, your Honor, but

15 what Dr. Anderson said was the presence of magnatite would

16 not be inconsistent with his.... I agree, your Honor. Yes,
.

17 I believe it to be magnatite. It's dark, as magnatite is.

18 It is not rusty colored like dehydrated low-temperature

19 oxides are. And there is no question in my mind that it's

20 magnitite.

21 And for the reason I indicated, I expect to see

22 some of the low-temperature oxides just because--

23 JUDGE BRENNER: I understand.

() 24 You would expect that there would be magnatite

25 present in greater than just say trace quantities?

|

l'
|.

!

, - - . . . . -_ , .- - - _ . - . - . . - . - - - . - - . . _ - -
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iLWRBeb il WITNESS RAUs~ Ic.think11t le|almost all magnatite,
t

- [2 : greater than.90: percent. But you 'know, I wouldn't be-'

>

Jr- '3, surprised . to have a L few percent :of. low-temperature oxides in
'

;j ,

v: _

. 7 . _ _~ ~ ~

4 there. JI might not even be' surprised to find :a-- few; percent:i
,

. -,

^ 5 'of:the wustite.

6- I don'.tithink the majority of it 'can be' wustite-
~

7' because it'is were'it'would'be.a= lot: thicker ~even than-it-
<

8 - is . -
a

9 : JUDGE'BRENNER: And Dr. Anderson, I : thought 1you-

10 .did go so far as~to say,-1'n answer to a question from your1
"

11 Counsel, that: if magnatite was present in greater than 25
'

12 percent that that would be'. inconsistent with'your theory.
. ,

13 . WITNESS ANDERSON:- If there ' is magnatite iri ' that - ,

- 14 quantity it certainly would be, but perhaps from-a reason

15' that is not clear. Magnatite is'a very unusual oxide. . It

16 can readily be reduced. 'If.you breathe on it you can reduce
!

17 it. It is. not the most common' form.of iron oxide. '

18 Therefore I believe that there also is present j

19 some carbon that hasn't been characterized., L So if there was - !-

20 magnatite, I would say that that would rule out the presence
21 of carbon being on the surface, too.- The magnatite and the i

'

22 carbon being there at the temperatures of this operation are
23 counterindicated. e

- 24 And so seeing the magnatite, characterizing the
,

25- magnatite would certainly, in my mind, be definitive and I
. - :
; ,

i

.

.

1

,

- r
J
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WRBob - 1 could.make-a very_, strong argument'for.the fact that'at the'1
- i

'2 ; bottom line,'the cracks are not operational but are--<,

1

7% '3- JUDGE"BRENNER: - Would that be 'true if magnatite:
'

> : L)
4 was presentiin any appreciable quantity? I don' t know' if x 25

~5 . percent.was a, studied number between you. and ~ your . counsel,.- ,
L

6 Hor -just something he ' picked 'out of a hat.

7- WITNESS ANDERSON: I ' don' t ' know where he - got that .

8 number.

9 JUDGE BRENNER: All.right. That answers my
'

10' question right there.

11 What would 'your lowest definitive number for the
:

12 presence of magnatite be?

13 WITNESS ANDERSON: Welli assuming there's no

( ). 14 surprises and that there is not something else that they

15 find in there besides calcium and sulfur, there's not

16 something that would bear on it, just what we know, and we

17 are just characterizing the surface, if the magnatite was on

18 the order of 10 to 15 percent, then I would say that that

19 rules out the presence of carbon, free carbon, and then

20 rules out the possibility of fretting or graphitization.

21 It rules out the possibility of a working crack. *

i

22 So if I saw 10 or 15 percent unequivocally-- Of

23 course wustite, then I would only have to worry about

() 24 externalities, finding something unusual on the surface.

25 JUDGE BRENNER: But you were talking about

.
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|WRBeb |11 - magnatite|up|untillyourSlast. phrase?'

. 2- : WITNESS ANDERSON: . Yes. ,Yes,mwe'were'focuing1on.

E 3- magnatite.: l
'

<

w .
.

? 4. , MR. DYNNER: :I' just want to make a ? quick' commenti,

,

'

5 ' Judge'Brenner, and:thati.is that;Mr. Ellis had the advantage'
-

.

'L .

.

6 ' of- knowing . that. .Last nightcI; telephoned him=and requested

that.LILCO. voluntarily perform this test-an'd--'7 :'

.8 JUDGE BRENNER: .I 'm certairtly. : surprised 'that " such

i^9- : alconversation took place. >

!- 10 MR. DYNNER ' Well, I wanted you to know that _for-
.

11- the record.

|- -12 JUDGE BRENNER: .Well', you know I 've ' complemented 3 .

~

.

13 counse1 and- the .' parties many times in terms = of their. ability-

| 14- to'-- not just to reach settlements but'to recognize that

15 settlement. discussions should not terminate when the-

16 litigation begins.-

| 17 MR. DYNNER: Well, I" wanted to"go a bit farther
!

.

j' - 18 than that if I might, because Mr. Ellis informed me. last
!

19- night that he would not be able to have an answer ~for me '

20~ today. He has since made a comment on the record that--j-

| 21 JUDGE BRENNER: Well, that wasn't.a studied'
:
i

22 comment. ~

,

23 MR. DYNNER: It may or may not be. But I do at-

24 this point want to--

t

j 25 JUDGE BRENNER: Let me e:: plain, Mr. Ellis, why I
'

!

I
j. - '

;

|
,

a

|
;

,

i -y . . . ~ , , . , , . * ,w.- r,.,,w..- ,w.,,.,--,,,--. _e,.,--,,m. _ .. m e m-,- - y m ,. _ m , ,,-..,-,-,.-
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I
.WRBeb; .1 said that.

2 .You know, Mr.. Dynner, that- on .the spur of the j
'

g 3 moment. when.you feel 'an objsction' is . a proper objection to:-
i:

4- nuke, you don't.necessarilyLthink thro' ugh' fully.allithe
~

5 ramifications ' of a statement beyond the immediate. purpose of .

6 addressing.thcLobjectionableLquestion.

7 MR. DYNNER: My' intention in no way was to

8- criticize-Mr. Ellis. I simply would like to move at-this

9 time that'the Board order that the sample in' question on

10 this fractured surface, which I think is a manageable,

11 portable object, be made available to Suffolk County so that

12 we can take the steps.-

13 We have looked into it, and we would like to take

() 14 that item and have it tested in an independent. laboratory in .

15 Chicago. We have talked to them and we know that it can be

16. done within two weeks, 'with an ' analysis of three different

17 points or three different levels in the layer, or more.

18 ' JUDGE BRENNER: Let me stop you for a moment.

19 Why don' t we finish with the panel and then come back to

20 this?

21 MR. DYNNER: I 'd be happen to.

22 JUDGE BRENNER: Because that was one of your :

23 concerns, which I share.

() 24 MR. DYNNER: Yes, sir.

25 If you will give me one minute, I am going to

,

---..--,.,..,_,-n-, . - .~ ,--,.n. ,_ _,- ,, -- ,_ - ,--,-nn.n,. ,.,-,.-c---.
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,
,

;WRBeb' '11 try-to run'through and make-sure;thatiI have only-a very-
, -

2 small- number of questions -left.

_1/ - 3 (Pause. )

,4.'
,

- 5 ''
.

6'
-

,

7-'

'
8'

9'

,

10
,

11>

|

: . 12-
i

13
,,
,

.

t

15 ,

'

}- 16 ;
.

17
-

,

I
; 18

i 19 ,

!

i 20
i ,

i

i 21
i
i

j 22

23

O 24 >

25'
,

1

4 J
'

l

;

?
! !
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WRBa$b) JII$ BY MR.;DYNNER?
'

a,
^

, ,s

:2f |Q; fDr.5 Bush', EI thought,.-- and pl' ease ~ correct.meJifiI _
,

!3- .am' wrong -- that attone'pointfin your. testimony.y'ou; referred.
_

~

:4 ; tota 1 fatigue; test' ort fatigueistudy; that ' you' thought FaAA-
'

-

+:5 chad done..on.the' cast $ iron? failure.-- - *
4

,

-6< ;A i(Witness Bush) 1Yes.

'7- - Q .- <I'm wondering whethe'r'anyone on the pa.nel could
,

-- 8- tell me whether, as a ' result of that - fatiguef test, . tha.t :

9 beach marks:were noted i~n1the fractured surface of the feast
'

10 . iron that was. subjected to that fatigue test?
.

,

'll- Did'you:see it, Dr. Bush?

12 .A That exclusive. question was asked yesterday --sin

13 ' fact, I think the words were the same.

14 Q I'm sorry. I apologize.

15 A I think it was addressed to Dr. Wachob and --
~

-16 well I- shouldn't put words in Dr. Wachob'.s mouth.

17 JUDGE BRENNER: .He 's asking you now.

18 BY MR. DYNNER:
,

19 Q Did you see the results of that . test or- did yo,u
20 see the fractured surface?

21 A (Witness Bush) No, I did not. I indicated that

22 given that those samples were conducted and that. meant that

23 there had to be a spectrum of amplitudes -- I did not know,

24 of course, whether they had changed the amplitude at any
25 time, and those samples should be a logical place to go for

i
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L

E :WRBagb~ =l' --itoJsee if:indeed there.are-or;are not-beach marks. But I
??

*

q 2; have never seen the._ samples.
e- ~

?3- .'A" .(Witne'es Anderson) -Nor have'I.

['
'

E4' JA! (Witness 'Rau)1 :I 've seen them. .As'we indicated,

i

L .5' ; yesterday, . the fatigue crack pro'pagation . specimens ' that -
!

6" Dr. . Bush made ' eference to were performed _ under . constantr

7- amplitude' fatigue cycling. They did not undergo any)>

V -
-

! 82 . temperature cycles, they did not undergo combinations of;

: 9- high frequency and low cycle fatiguet the very conditions
|.
L 10 that-are conducive to producing the beach mark's'which--are-

l' 11 -normally.seen..
!

| 12 My recollectionEfrom looking.at the fracture
!
: 13 surface- is -- I wasn' t _ looking for . that in particular_ ---
|

() 14 that there were no of the obvious beach marks that you

15 expect :if you had variations .in load or variations in

16 oxidation. I mean you have to have some change during the

17 course of your test to delineate and create .the mark that

18 you see as a beach mark.

19 And if you just hold the -load constant and run it

20 and measure how fast the crack grows, you really would not

21 expect to see a beach mark in cast iron or in anything else

22 for that matter. So I wouldn't expect them to be there and

23 I don't recall seeing them.

-( ) 24 As I indicated I think yesterday on the ligament

25 cracks of the original 103 -- which have in fact .been

.

|
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(WRBagb4 fl: J through'; combinations' of: temperature cycling, high cycle -i
'

p' |2 L fatigue, !high frequency' fatigue :and low cycle fatigue. ;
~

1

2y 3,~ ,There were indications of beach marks or delineations of the ~
'

b;
.

crack,at'various.|positi'ns.
4 4

4<
. .

o,

I have ' just one other ; area to coverJand' ii's5' Q
~

1
'

f

e 16: briefb Iibelieve.. t

a v

'

'g 7 ~ Dr. Rau,'; you testified ' earlier today. that =---I

8 think'you said that'an' ultrasonic,UT:was performed on EDG k,
s

'
.

. . , . ;
19- 101' to . look for circumferential cracks, is that-correct?,g

! 105 A' That's correct,;Mr.(Dynner. ,That's my

h. 11 understanding.' ;

n
.

When was that test performed? .
.

i 12 Q

13 A I don't have the inspection report here and don't j
)() 14 recall the precise date. It was certainly.before the
F :

| 15. destructive examination of 103, 'so it would have been ---it
*;.

j 16- was done before the 103 ultrasonic inspections but.the same [
$ i
j. 17. procedure;which was utilized at that time was utilized.to

[
i

; 18 inspect the original.103 and to compare the ultrasonic ;

! '

19 inspection results with the destructive measurements of !
2

!
!

t

; 20 circumferential crack depth. But the actual inspection on
|

)
-

101 had.taken place prior to the detailed inspection ~on (21
t

j 22 103. t

|. 23 Q Do you recall in your testimony -- and I mean

.
|( ) 24 "you" to include Mr. Taylor -- on October lith that at that

|
!

2 25 time I asked you questions -- I asked the panel, you and '

.

P

9

.._

>
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-WRBagb l -. LDr. Wachob and Mr. Taylor, questions about those tests and

2 that you told me that the inspections -- only inspections

' 'T 3 carried out for the circumferential cracks were liquid
'

G
4 . penetrant inspections of the liner landing?

5 JUDGE BRENNER: . Mr. Dynner, I lost you. Are you

6 talking about a deposition?

7 MR.=DYNNER: Yes.

8 JUDGE BRENNER: Okay, good. I didn't remember

9 Mr. Taylor ever being here and I thought!I was losing my
10 mind.

11 MR. DYNNER: No , I was talking about the

12 deposition, your Honor.

13 BY MR. DYNNER:

() 14 Q Do you remember that?

15 A (Witness Rau) I don't remember that. Do you

16 have a reference --

17 MR. ELLIS: May we have a page number?

18 BY MR. DYNNER:

19 Q Five.

20 A (Witness Rau) I 'm sorry, page five?

21 Q Yes.

22 (Pause.)

23 There were liquid penetrant inspections and on

() 24 page six Mr. Taylor also indicated there were no magnetic
,

25 particle examinations....

_ . . - , - - . - - _ .. - . - . - .
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4

~JWW9agbl 1 (Pause.)

J2 A I- have read those pages - of_ the transcript now.
,

f'we 3- Q .And my question-is a_ simple _ones 'I. asked the-
'

,

L ..,I.
^

,

4' panel, _ specifically;Mr. Taylor, what were = the type of.
1

5- inspectionsi that were carried out on the three engines

6 looking .for circumferential cracks in the blocks.' .And'it is-

7 .true, isn't it, that nobody told me'during that-deposition

9- that there were ultrasonic inspections carried out;'isn'.t

9 that right?

10 A I don' t know whether .that is true or not,

11- Mr. Dynner. Certainly in the page- citations you have given

12 Mr. Taylor -did not so indicate. I'm not sure whether I had

13 knowledge of those ultrasonic inspections at the time of'my

() 14 deposition, I may have or I may not' have, but I suspect I

15 didn' t or I would have probably chimed in _ at this particular
16 point in time.

17 I have knowledge of them now certainly from

18 having sat through the panel descriptions and listening to

19 Doctors Johnson and Schuster talk about what was done and
20 when it was done, and I'm not sure whether Mr. Taylor had -
21 knowledge of them at- that time either.

22 Q You haven' t -- Let me put it this way: '

23 Are you of the opinion that it would be very,

() 24 difficult to detect circumferential cracks in EDGs 101 and
.

25 102 by any of the non-destructive examination methods?

,

mm-,
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WRhagb 1 A Well you will have to be specific with regard to

2 how deep a crack you would talk about detecting. If it's '

3 talking about one mil, one thousandths of an inch deep then

4 that's not going to be detectable by any technique. If

5 you're talking about a crack which is 3/8ths of an inch

6 deep, then I believe there are several non-destructive

7 inspection techniques which can identify them.

8 It certainly is a difficult inspection area and

9 the mag particle and liquid penetrant -- unless the area is

10 very carefully cleaned -- can be a difficult location.

11 The ultrasonic inspection I believe is quite

12 reliable at those depths, that is, 3 /8ths inch deep. It of

13 course would not be reliable for. detecting something less

'(3( ) 14 than a 16th of an inch.
,

15 Q Han an ultrasonic examination been performed on

16 all of the cylinder liner landing ledges of EDGs 101 and

17 102?

18 A I don' t know the answer, Mr. Dynner. I do know

19 that on 101 that any indication they got from -- I have

20 forgotten whether it was liquid penetrant or magnetic

21 particle, but any indication at all they got on 101 was

22 ovaluated with the ultrasonic for confirmation that it was

23 or was not a falso indication.

I
( -) 24 With regard to 102, I just don't have any

25 knowledge of what inspections were done there.

_ _ _ __- - _ _ __ _ _ _ _ _ _ _ _ _ _ _ - _ . _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ - _ _ _ _ _ _ _ -
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WRBagb . l. : Q I'want 'to remind you of your testimony on October
'

(

2 . 11th and as'k you whether you'still are of the 'same opinion,

. 3 page 21, line:19.
U

4 You-said, and I_ quote: ,

;

5 "There1are no definitive

6 - inspection results.which I have
~

1 7 confidence in which would have -

8 detected circumferential1cracksilf in

9 fact they were _ there, so we have no

10 direct firsthand evidence that there
.

11 are no cracks in the liner landing area

12 of 101 and 102."
,

13 Are you still of that opinion 7

() 14 A No, Mr. Dynner, I 'm not. As I have indicated.

15 based on this statement I clearly was not . aware of the-
,

16 ultrasonic inspection at the time of my deposition.
,

17 Now that I am aware of the-fact that it was done
18 and the conditions under which it was calibrated on the'
19 original 103, I believe we have confidence that 101'does not

20 have or did not have circumferential cracks at s the time of
21 that inspection.

I

22 But I can't comment at this time with regard to
!

|'
23 102 because I have no specific recollection of whether or

() 24 not the ultrasonic inspections were done.
'

25 0 All right.
.

4
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::0: ;i d . . .

. I am/ going to;justTfollowlthe procedure we have;
'

VWRSagb' .1:
.

.

.[ - , : v -
.

hM% 2'' been following and: ask . Dr. ' Bush ' and Dr. :'An arson. 'if they^ '

y t

[66 7 t. 1w L
i

.
.

4.. ~'
.

.

jf( 3: ! have ' anylcosaments on ; Dr. Rau's testimony abo'ut . .the i 74
'

,

.

W <.
'

:p M 4g.
. . . .. . . .. .

s : ' ultrasonic examination-for circumferentialferacks. ;
; , g7 r

A ,V - '.. t a Cantlemen?' '

. . - z . .-8 .- ~ t+;g - - ;;m; .
, ,

L(WitnessBushhbotIsing'difforentthan,, . 6 "/A;
' ' '

I have:', , .
,

r,

|. { p.- 7- said 1,n=the proceeding.unless: I werefabletto evaluate-in-
'

,
,

,s- . k,

| .'8 scalefdegreekthe ultrasoni technique ILwould have:
c , 98 a f;+ .;u

f 9 reservations. jThat wouldCt,4.mply be 'a matter of , examining 1
o 'n _

| , ,,. ,
~

10 ithe tmethod of calibrati m and; things of thatL nature.

D
'

, It has theCpotential from that: surface'but it is
-)/.11

t
~

.

'

r.
,

_

y. - ;,-

;p 12 ,not going.to be easy is,my suspicionLb'ecause I think you;are-
p, .s

,

|_ .13 going to have to,use a:special transducer.,

14 JUDGE.BRENNER:- A speci 1 what?

15 WITNESS BUSH: Transducer.-
' ' '

"

/.
16 BY MR. DYNNEKt

, '

,p
'17 Q Any comment, Dr. Anderson?.i

l '18 .A (Witness. Anderson)- No. -
- 7

19 MR. DYNNER: -I have no further que'stions, Judge.

20 JUDGE BRENNER: Do you have any special.
,

!: 21 transducers that you used, Dr. Rau? *

! I /
| 22 WITNESS RAU: You are asking.the wrong person,

f-
,

23 Jitdge Brenner. I don' t know what th'ey, used. They had a
w<

24 transducer. I. know it was interrogated 'from below the liner
j

, ,
25 land but'beyond'that'I am in over mythead.

, . . ,

|.

I

'

| ,\ ,
r

1

1a

:(i/ ,

i ') . [, I
_- , - - - - - _ - - - - -
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IN
(g:RBagh ?

~

W :1; ; JUDGE BRENNER: 7Let me try onefmore. .I am?-
-

-

''u ;2 .certainlyjin overimy head-also.-.-

,p

'M 3.- iDr. Bushi-(when you'were3. talking about-

.

V,
.

- . ._ .<
~

: 4 i. . difficulties area, :I; had the Liinpression;- : and it may be --

'

15 '- :justi.anfinference'rather thanEsomething you.:said~- -that*

=6' 'some of ~your; difficulties : that _you envisioned would be.,1f
,

7) the-Ifr test or_ interrogation were done from thefledge,Jthat*

.

-8 difficult ( area' of the- ledge corner _ as.~ opposed to Lthe way-.

9' Dr. Rau 'says .it was done from below the' liner? landing edge.
'

.

.

,

10 I am . not :asking a very good ' question < but- does -
'

'll: that change'your.: view on the-difficulty?

f- 12= WITNESS ' BUSH: I would say unless they used a
v

$ 13
; - .

'special technique they couldn't do'it-from_the ledge-
-

,

! 14 directly. Now whether -- did they;do it from below the
,. ..

[t, 15 liner ledge or_did they.do it from-the counterbore area.

} 16 WITNESS RAU: Below the liner ladge.
. .

'
17 WITNESS BUSH: Below the liner ledge -- this,

18 assumes that the liner has been pulled, correct?

| '19 WITNESS RAU: That's correct.

.
20 WITNESS BUSH: It would be simpler'than the one-

:

21 that I had understood. I had understood they were going to

22 do it from the counterbore area and that would be a very
,

; 23 difficult one requiring a special shaped transducer. Below
,.

|h *
24 the liner ledge I think it is at least technically feasible

r

L
~

.
. 25 ' 'under those circumstances.

!
r-

:

1

!
o>

i5
'

.

,

k ._
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', ' jWRBagb IIT -So: I had misunderstood.: Ifth'ought the word was: ~ !I .( s

' '+-
- ,

. . t .

32> LeounterboreLin thesearlier' conversation and:that I'think. a

c /3 - wodidlpo_se majorfdifficulties.;<

%) .

.

Staff 7 V '
'

,

141 LJUDGE BRENNER / , ,

:5 MR.y DYNNER : -Excuse me,.:I! neglected'tofdo onel.

i! 6 -. '. thing (before?an'd.I m going 1to do:this|justLbecause
'

'

'7 everything.else.'is,in-evidence',~and-that[is!to-move into'

'
<

8: evidence Suf folk' County Diesel Exhibiti81,' consihting . o'f the ~

9 two photographs previously'. identified which will mount on
-

10 tone: sheet, and Suffolk- County- D'iesel' Exhibit 82, :which will;-

J 11- consist. of ' ---

112 . ' JUDGE BRENNER: Three photographs.)
.

13 MR. --DYNNER: --- three photographs previously-

14' identified. .We will'also mount those.on one sheet.--

:

15 JUDGE BRENNER: - Any objections? 5

16 LMR. PERLIS: None.

17 MR. ELLIS: None.
>>

18 JUDGE BRENNER: All right. They arecadmitted
~

19- into evidence.

20 (Whereupon, the documents-previously-

21 marked for identification'as i

i
i22 Suffolk County Diesel Exhibits 81-

23 and 82 were received in evidence.)
.24 JUDGE BRENNER: Mr. Perlis, -how much do you have?
25 We 'are going to have to take a longer than normal

, , - -

>

1

&

4

&
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.WRBagb 21: _ break ;as I predicted, E a half-hour in | fact,ibefore we~ have .
+

. .

2 any discussions after theselwitnessesxleave,'and'that

.f N =3 EincludesLthe subject we said we'would. discuss,-and-I cut.-
^

' Q);<

4* Mr. Dynner - off ' in' the . middle of talking :about-- his possible'

Si settlement I' guess, whatever you want to termiit.- But I.

6 Lwantito take the' break bSfore that.
- 7 If we break' now, we'll have to break twice -- how -

-

-8
_

much:do you have?

~9 =MR. PERLIS: Well'I had. originally; planned on

110' . walking the witnessesLthrough an' event tree that Dr' Bush.

11' "had drawn up since we.have covered practically every branch'

' 12 of 'that tree -alreadya I was not planning on .doing that now

13 and I think I can finish'in probably about 10 minutes.

| 14 JUDGE'BRENNER: All right. - I' don't want you to

15 take any of my comments as to discourage you from doing

16- something that would put new evidence.on -- ,

17' MR. PERLIS: No, I think it would have been a

'18l. helpful way to proceed except'that we have already-covered
u

19 all of the material that would have been- covered -by

20 proceeding that way.

21 JUDGE BRENNER: Well it-is up to you. If you had

22 more questions after-the time everybody else took, that

1!3 would~have been perfectly acceptable. I only asked so I

J) 24 could-understand how to gear the breaks. I

25 (Pause.)

,

~ . - - -

r-

9 e ow.-- . s -w t , We-e--w- ,s,c-- ym-, f y-w- -.%-- - t -e , _s,,y- ey,, ,



% ~
'

,

-~ ,,
_, --. . .

,

> >

. ,.

/''/ ,.

.

' 9070.17' 12' ' 26877' '|
"

<
.

- .WRBagb'--1/ 'MR.,ELLIS: Is thereigoing to.be'a break 71
'

'

., . .

,
.

,

-2: 'JUDGEiBRENNER:: I want:to try toL fini'sh with'the
'

~

,

'g - !

:'r~y L. , 3: panel.- The: Board may'.have' a--few questions also but not
~

'O ..

.

'

440 many.
_

'

.
. . .

.
.

.
:

5
'

MR. ELLIS: I-think if I'had.aboutDtwo' or.three--

1

.

'6 .ntinutes1I could: decide if 'I had anything or -- .

7. JUDGE BRENNER ' Let's go off. the . record or stay
,

- 85 .on'the record,Eittdoesn't matter.

9 Do the.witnes'ses:want-to take,a. break?:
.

10 (Ind'ications - of; assent.')
,

11' JUDGE BRENNER: JFine. 'We'11 take it. You'can't
'

12 :do anything in.five minutes so we'll take ten minutes.s

13 (Recess. )'-

14

15 !

i

16

17

18
'

19
'

20

21

22
,

23

| 24

25
'

.

.. 1

|

I

J
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AGBbrb- ~1 ' JUDGE BRENNER ' L'et's go back on the record.~

~2 EXAMINATION

f~ - ) . 3 O BY MR. .PERLIS:-
V' '-

4 ~

0. Dr. Bush, this;is'a questionirelated to the

5 discussion which took place ~~just1before the luncheon break-

6 today.

7 'could you turn to' page 5 of your ' supplemental.

8 testimony?

9 A .(Witness. Bush) Yes, sir.

10 0 Just to make clear: At that page you stated that

11~ strain- gaging of .the new 103 ' block would yield more
!

12 definitive data concerning the compressive and' alternating .
13 stresses in the cam gallery than could be obtained from

- |

() 14 either the EDG-101 or the EDG-lO2 blocks.

15 Do you see that statement?

16 A That's correct.

17 O Did you intend -- and do you intend now -- that

18 that statement, that the data that would result from the

19 strain gaging of the 103 block would be relevant to the 101'

20 and 102 block? This is for compressive and alternating

21 stresses, now, in the cam gallery .

22 A That's correct.

23 0 Okay.

( 24 MR.~PERLIS: Judge, I have no other questions in-

25 that area. I just wasn't sure that that was clear before

7 - the luncheon break.

m..

g -+ - - ,y -g ? m oo o.c- -e -- - .w-m-gm,g , n- gg -7 yept Wr-
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LAGBbrb D1
_

MR. ELLIS: - I have justione question.:

2 JUDGE - BRENNER: I don'' t think he's ' finished, Mr.- '

r^$ :-t 3_ Ellis~.
.\ )E -

.

I'm-
_

.

4 MR. PERLIS:1 I'm finished with that area. -

5 'not ~ finish'ed -- can' tibe that optimistic. ;

6 BY MR.'PERLIS:

7 O Dr.~ Wachob, :in your fractographic studies. when

~

8' ~the sample was broken intoltwo pieces,.did the oxide layer-
.

9 adhere preferentially- to one . fracture, surface ~ or the other,

10 or did the layer. itself ' divide between the two surfaces?'

11 A (Witness Wachob) ~Both surfaces of the crack were
-12- oxidized to Whatever extent they'were before theytwere

~

13 broken open, and-so therefore.there was an oxide on both

() 14 sides.

15 Q Dr. Bush, what do you infer about the ' nature of

16 the oxide fr'om the fact that it'had adhered to both surfaces
,

17 after it was broken apart?

18 A (Witness Bush) It obviously depends on whether
.

'19 it was a continuous oxide between the two surfaces or

| 20 whether it was two separate oxides. If it were a continuous

21 oxide, I would infer that the substrate boundary -- the

22 boundary between the oxide and the metal -- would be'quite

; 23. strong and adherent, which would be indicative, possibly, of

'( ) 24 the type of oxide that we would have.

25 O -Dr. Wachob,
4

.

do you agree with Dr. Bush's

4

,-w' -- , , ,-- - - - 7 v ,-- 7-- , , , , _ , ~ , < , - > - ,,#.,.,- m,. ,g-y ., ,,,---3.-.-r,. . - -
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-AGBbrb- 1 ' conclusion?-

9; .

a
.

72: I 'm sorry. Dr. Rau,1 didEyou want -tonsay-

\. 3~ L something ', first? ! -
'

[V
-.4.

. A? . (Witness |Rau)L?Yes. I agree with what Dr. B'ush

~

.

;

~

~ d -i ~ 5. .has'said. 'I' dust | wanted to a'd,~for'' clarity,'.to'what.Dr.
.

/6 Wachob had.said'.-

?7 ~ I f- you look at' LILCO . Exhibit' B-63,, you can see.
~

8~ the ~ --. again, : the . thick - dark oxide on both sides ' of, what1 was .
~

9. originally a graphite flake.' -And when you break open ther

10 crack,:the weakest link is the' graphite,.-and-so''you'end!up<
-

'

11- with the oxide on -both :' sides of the fracture surface < where

12 - th'e gra'phite ' was.

13 And, in betweenH- ;if you - move over at the .500 -

14 magnification, in between the graphite' flakes,_ it breaks in-
,

15 the oxide, too, at least for theimost part. .So you end'up

16 with oxide on both sides.;

; _17 O Dr. Wachob,'did you'have anythingLto add?s

|- 18 (No response. )
!

19 Dr. Anderson, do you have any. comments on this?
'

!

! . 20 A (Witness' Anderson) I believe there was oxide on

21 both sides of the crack, and that-seems consistent.
!

. 22 O Does that tell you anything about the nature of

- 23 the oxide?.

- 24 A No.

25 O Dr. Rau, does the model-for Widmanstaetten

L
i

(-
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AGBbrb 1 graphite formation envisage the direct precipitation of

2 Widmanstaetten graphite from melt, or does it assume that a

3 more normal form of graphite precipitates initially and

4 serves as nucleation sites for the formation of

5 Widmanstaetten graphite? :;

6 A (Witness Rau) Okay. The formation of the

7 graphite doesn' t actually precipitate from the melt. It's a

8 eutectic reaction, so there's a simultaneous formation of
,

9 the graphite and austenite -- which is a form of steel, if

10 you like -- at the eutectic temperature.

11 When that initially occurs, it's my opinion that,

I12 if you like, normal graphite forms first as part of the D

13 eutectic cella of the graphite. There may be some of the-

(h 14 degenerate Widmanstaetten graphite formed at that time; but

15 it's my opinion that the majority of the Widmanstaetten l
l

16 graphite forma during the subsequent slow cooling from the i
17 eutectic temperature towards the eutectoid temperature. 4

a18 Without going into great detail, the ability of
j
H19 the austenite to retain carbon in solid solution decreases |

20 as the temperature goes down. So the austenite portion -- [
21 that is, the steel portion -- has to get rid of this carbon

22 which it can't maintain in solution as it's cooling down.
|

23 And so what happens is, basically, that either grows on the

() 24 existing graphite, in the form of conventional graphite, or,

25 in this particular case of the original 103, because of the | .

1

i

,

.-

- - - - - -------i- --
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" ~

1 factors - collate and trace. element contamination'-- it11ed_ AGBbrb.
'

2 ;toi the precipitation of the degenerate Widmanstaetten

. r~i . 3 _. graphite in ~ the ' vicinityi of' the graphite ' flakes', but: not-
G.

14 : 1necessarily:on them, during.this' cooling process.

5' ;Q~ .Dr'.' Bush,Ewould you' agree with|that?

6- A. -(Witness Bush)- That's:the' mechanism I
7 visualized, rather than formation- completely at the eutectic

-

8 temperature.

9 Q 'Ihr. Anderson, are ' you in agreement withL both of-

10 them?

11 'll (Witness Anderson) Yes..

12| 0 This is to everyone on the : panel. Does this-tell-

13
_

you -- let me first ask:

() 14 Dr. Rau,' are you saying, then, that-the

- 15 Widmanstaetten graphite form ; over a'' range of temperatures?

16 A (Witness Rau) Yes.

17 Q Does everyone agree'with that?

18 A (Witness Anderson) Yes.

19 A (Witness Bush) Yes.

20 Q Dr. Rau, does that tell you anything about the

21 temperature at which the fabrication-induced cracks in 103

22 occurred, the old 103?

23 A (Witness Rau) Well, it is certainly one of the

) 24 factors which is related to my opinions about when and how

25 it formed . It is my opinion that it formed between the

_n. -
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;;
, .

> < -

'

. [A'GBbrb 3 fli eutectic and the eutectoiditemperature;Tand'.the combination--

,

.

.of.many other' observations along-with-that lead;me'.to'12 :

:;/S (3 believe. thatb the cracks' formed ' and oxidized,1 perhapsii atl
}whi .

temperatures below the eutectoid'temperatureLonce-the-
-

- .

''

4 ''
..

5. -Widmanstaetten graphite was already there.
.

.

6 LQ Dr. Bush,- do you agree with;that? _

17 * A (Witness (Bu'sh) .'I think$the evidence tends-to at-

8: least' indicate:that:as.-a strong possibility.-
,

; .9 'Q :And',-Dr. Anderson, do you:have a comments?
.

.
10 A (Witness Anderson) I think that is/possible,

2

~11 yes.

f 12 MR. PERLIS:' Judge ~,'I have'no further. questions..
.

13 ' JUDGE BRENNER: I. think you' have, the - record for

14 sequential answers-in which they're allfin' agreement.
,

15 MR'. PERLIS: I' guess I should apologize. q,

16 JUDGE MORRIS: Good questions..;

17 JUDGE BRENNER: I 'm not giving you ' credit,'4

18 Mr. Ellis. You said you had one before; maybe.you have twop

19 now.
:

1 20 MR. ELLIS: I have one small topic.
i;.

21 EXAMINATION,

*
e ..

i' 22. BY MR. ELLIS: y,

_

23 .Q- Dr.-Anderson, you, I think, testified earlier --
. .

_

'

.

24 correct me if ~I'm wrong -- that your 100X view of the crack:

,
25 surface was not conclusive, and that you wished you had had

,

I

'.

+

._ .i

, . _ . . __. _-._._.__.___.-_..__._.-..__.._..;. .. -_ _ _ _ , _
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'AGBbrb. 11 a 500X.

2 .Is"that correct?.

3- A (Witness' Anderson) I did not1 ha' e' a Eview .of 500X-(~ ) v
. ;%,) -

4' ~in the: area'of-the weld. That would-have been helpful and

5: |de51nitihe.

6 .O W' ell, Dr. Anderson, why didn' t.you just click the

'7 gizmo, change the -. objective lens to 500 from 100 and look at-

8 it?

9 A At that time I felt that I could see the cracks.-

10 There was no question in my mind .about the coverage of the
~

11 surface, and there was' no contention that I could see --
~

11 2 certainly not'from the depositions. Apparently everybody'

13 was in agreement that it was~a' uniform! coating from the

) 14 surface to the root of the crack. So I went as far as I

15 thought was necessary.

16- Q Dr. Rau, did you look at it at various

' 17 magnifications?

18 JUDGE SRENNER: The answer to that isgyes.

19

20

21

22

23

([ 24

25'

. . - . . - - . _ .. . .-. - .- --...- -,
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' ?AGBeb| - 1) WITNESS RAU: ; Judge Brennerfis' correct.'

:

b' ..

.'No . further (question's, 'your EHon'or. :-

~

-

MR .' - ELLIS 1
.

F 2
_

~

4
,

'

. ,
- 3| - J.UDGE.BRENNER:jiVery well.. ~

J'. ,
-

s

..

( '4/ ~ f Dr. =:Rau or- Dr. ~ Wachob, Lwhy[didn' t you 'just simply
'

S

J5 include.anoth'er; photograph at[500.Xjin1this series"of- - ,

61 - photographs ~of ; the . crack -in the area of the Tweld?,,_

n - -

7 -_ ' |I got'thefideaJfor-that. question'from
._

8 Mr.-Ellis.-

7

9 WITNESS 'RAU: Inj my opinion, -youriHonor,.the-
~

10 - presence '_of the. oxide on !the casting shrinkage : crack and the.
~'

11- absence of- the oxide -on : the, weld - shrinkage, crack are.-

c12 perfecdly obvious. fromJ the -100 X' magnificatdion: photograph.

13 and it wasn't omitted~for any.'particular| reason. . .I didn't'

14
.

_

think it was'necessary.
.

.

. . .

"

- 15 JUDGE BRENNER:- I'm sure'my memory is' poor,.'but I
-

16 ' thought the other day-when_we first-talked about'the absence-

17 of that 500 X magnification of the - crack alongside the weld

18 -that Dr. Wachob said he didn't have one here as. opposed to >

19 that none existed. I don't remember.

20. Could you remind me, Dr. Wachob?-

21 WITNESS WACHOB: I did not say that.. All o'fIthe ,

22 photographs that we -have in the cam gallery books are in -
_

23' these albums that everybody.has:been passing'around, so-

24 there:was no 500 X magnification photograph.
,

- 25- JUDGE BRENNER: Could you still take one? The
.

k

..

. -
. .

,, c-, , , , ,u.. . . ... . ,,r . *-me - , - = , , , , , - .-y- .v.,,,-,,- .-,,,,.e.,,,,.-,,w---,,,--,,,y,,. . , . . _ - ,,,,-~,,,ce,-,wy-.,w, - - . . . . y w - ~ , .
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^ '

]cAGBebl Ll! | sample .? still iexists : inDthe : prepared - form; that s} properly;
~

-

S ~ 2' . prepared in:.th'e'same'way'it!wasi or:.a 100 X1magnificat' ion,:-f,
'

s

/3 - D r .> W a'c h o b ? :
-

>

.. . ,

|
- 14 ^ 3 WITNESS WACHOB:" With slight preparationi because-<

- 5- .it' satJaround,Done could: take : that' photograph now!J yes.1
.

,
6- LJUDGEIBRENNERs 'Mr. Dynner?[

.

'7 -MR. DYNNER:L No, sir,LI.have|nothing:;further.-

28 JUDGE'BRENNER: We'.re done...

,

'9- Well,1 whilea the witnesses Latart packing -- I

~

'

10 see,they are -- and while we're on the subject of' sche'dule,i

" -11 --- keep-packing -- I~will,tell you:that-- Let me put' it:
"

71 2. -this way: -

13 We appreciate the--fact that the witnesses havet

14 had~other schedule considerations besides this hearing, some

'15 of:wh'ich we have had to' discuss here unfortunately, Jand much

16 of which I .*m sure was' the case that we : didn' t discuss -here, -

17 and if you think that the Board 'is not aware of that ~ and

18 does not appreciate that fact and-have some concern for that

19 fact, then you' re wrong, because we do. ;

20 However, if.you believe that we think.that the

21' substance of this hearing is more . important than your
.

:
22 individual schedules that is also correct. 'And sometimes we 1

' t

23 have-to balance things'out, and it was our view, as applied

124- to this-issue, that this. combined panel would be helpful.

25- And now that we' ve done it, I am of the view - perhaps I'm

en,9We y e- r a ww o- m-ena-w'=v *h4WM"
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r AGBeb 1 the only one -- that it has been quite helpful to me. Even
:
-

2 though much of the testimony has been repetitious, it had

5 3 the advantage of getting it all together where the other

() 4 witnesses could respond.

5 I believe it may be less frustrating for expert

6 witnesses to be able to do tha't. Maybe I'm wrong. But one

- 7 reason the panel process worked, and the point I'm getting
r

8 to in a very long-winded way here, is because of the,
;

9 abilities of the witnesses in two different areas. One is-

I 10 an appreciation of the hearing procedure, and the other is
4

/ 11 the substantive expertise in the subject matter.
[
; 12 And because each of you have been able to combine

13 those two, I think the panel worked very effectively. And

C 14 we thank you for that.

- ) 15 I alao want to assure each of you that I will

- 16 never think of rust as just plain rust again.,

17 With that, you are all excused to catch your
g
g 18 planes or whatever. Thank you again.
A nE 19 (Witness panel excused.) 1
-

|$ 20 JUDGE BRENNER: All right. Mr. Dynner, I cut you
E
E 21 off earlier when you were talking about what I guess was a

22 settlement proposal. But give me your own label.

23 MR. DYNNER: Actually I didn't refer to it as a

{ 24 settlement proposal. It was a motion I was trying to make, )
L

V- 25 and it was in the form of a motion to compel. And the basisL
:

e
'

w

-

-

-

-
__ _ _ - - _ _ _ _ _ _ _ - _ - - _ _ _ _ _ _ _ _ _ _
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i ~2AGBei ' (1 fforithe-motion-'was~s' imply thatilt'now appeaes-to:usiStLleasti y'

c
'

.

fs
'

_2 - that h bEsed- uponiall' o'f ;the. t'es'timony that _we . have . heard,-
'

.
. .~

~

- /3i :that.there are' sharply: divergent bases':concerningithe cam
.

.,%

f ~ 4; .galleryferacks,n most' of which,2.at least to my; ears,-appdari
.

5 to ble! differences of observationse opinions based /upon xthe j
7 6' . ' analyses 'ofi--{ nonerof -which appear to be definitive. ' ;)

7- , /(And - it ' does 1 appear ' to me - on ' the basis of what I -
~

.
.

(8 have cheard that' there is . a test which at leasti |the county .
_ - .. . ~ ~ .. -

~9 believes would be de'finitive,Iat Llea'sti potentially.-

'10 : definitive :and .dispo'sitive of- the Li'ssue1 concerning the -

'll _ origin ' of the' cam : gallery cracksi c and Taccordingly, , the; issue-

12 as' to whether or not they are;propagatiriglor' not.' - '

13 'And it therefore.seemed,to.us appropriate,;since-

.

14 this matter I must say only came out as I~ sat andLlistened:
.

15 to varying views of the experts ' including my own,' that we

16 have a way of carrying out what. appears to be a:very simple.

17 ' procedure. We have' checked.into it.and found that the cost-

18 is not great, that it could be done in a turn-around time of'

19 two weeks. If we pay them double it can.be'done in three.

20 days.
,

21 It is:a company-which I am told by Dr. Anderson
_

22 he has no. connection with. He didn't know the people

-23 there. He is aware of them, however, by reputation as being

g. 24 a capable, competent, and.well-regarded independent

25 laboratory, experiencec. in doing these x-ray analyses.

.

. '

t

4

1

. , , , - ., . -4 .E.,...,m .,~~...~.,~4 . , , - - ~ ~ . - . , , - ,,J-. ,- -,0 m , , , , ,,,L,_,w.~v,..-...-,...ss..-
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E0 And ?on that? basi's I ' asked : first' LILCO 's Couns51-JAGB'eb , 1
'

n : +

~

'
^

~2 ?whether orsnotithey would voluntarily |do that,oand-it wa's~my-
~

-

.

'3 ' 2 feeling that(while;we have the hearing:in s'ession andJthe
n # , ._

'Q '

'4. . . partiesVallEintone place, that;I_would, because"LILCO:is not-,
-

-

,

- 5 ' inia- po'sition .to respond :as _' quickly 'as '.I mighti haveL liked,~

6I ' and with the understanding why they couldn't,:;because~ it was-

17 :on-very-short: notice 4 that th'e' County would. undertake to-

8I have that test' performed iffwe.could havecaccess to the-i.

9; _ sample._in question soithat-it;couldLbe'sent to Chicago and-E '

10 tests performed ~and the results ;of the . tests made available

-11: to.the Board and!all the parties.

12 And it''is for that reason that I'have made this '

13 comment -in the i form of a motion...

14 JUDGE BRENNER: .Have you thodght' through what the
- 15 County's position would be if the' tests'were; performed and

16 if it showed-to the County's satisfaction that -- I'm not.

17 going to state this in an evidentiary fashion so it. may not-
.

18 be literally correct -- but that when looking at the 'results: |
.

19 of the tests, they would prove. that the County's theory of . .i

20 what might have been the formation of the cracks would be

1

21 inconsistent'with the results?
'

I-22 MR. DYNNER: I think that.the answer is Yes, we
_;

.i

23 have thought about it and we have discussed it with our
j

'24- consultants and it-would, in our view, be-a test which
|

25 potentially would show that if in fact the oxide was a

i

]

_
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that"wouldishowjthat[FaAA*s thesis'
3

,

,_,.;.

> 1 ~.7 'AGBeb a ilf high-temperature 7 oxide,
.

1I# 1wnsicorrect. _ , ,

'5'
, , :<. 2

~

s
'

'

. 3 IfThat ' woul'd therefore . mean that' the.: oxide was :'in ; ~

fset$f$rmed at the; time thatsthe1 hot tears 'were- formed :for-J s f4| E

.. . . . . . . .. , .
. . . ..

- 51 the-Jentire'ilength; of the:' crack.' :--And}thelCountyTatfthat'{ "
.

, .

J6 | point,awith - regard) tio' the _ ' cam ( galleryf crsck s , ; whuld ' be -
~

.

' '

217 : ' inclined to' movef to the Staff's position.' That51's.toisay. weejs
,

| -
"

'

-8e sti11 believe that;there--|isn't-any hard-' evidence as to.

whether'or.not'these: cracks exist..inf101 and 102:below'the:19i i

110~ ' weld material and in'a mann'er:that is disconnected.': x:
~

,

'11-
~

There is no'evidenceTat alliI think"in>102;'
-

12 .- be'cause that--

13- JUDGE BRENNER: You would still want the --

14 MR.:DYNNER: We would still want.the monitoring
-

1 15 that both the Staff and Dr. Anderson alluded to, and we-

16 would still want-to see the -- some periodic' depth probe

17 measurements taken,'as Dr. Anderson stated'in|his-testimony.

'18 But with respect to the cam-- And we-would'still

19 of course want tc see and analyze' testing ~re'sults, for

20 example, look at it as I think the' Staff has said they would

21 do at the.first refueling outage.

22 But ~for those issues' it seems to me that that, .

'23 would resolve in our own minds the concerns that the County

.

24 has and has expressed here, that propagating cam gallery

25- cracks, which we think that an oxide -- if it's shown thatn
.

'

;-

|

F
t .-

1

,. -

1

Li
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-AGBeb' l' the. oxide.is low-temperature,:in our minds that would show.

'2 .that they are-propagating, that-those propagating cracks are

3 -dangerous and'.might lead to cata' strophic failure during a
,:s

() :4 loop LOCA, which has been our. consistent position.

5. - So that would change, .and we would' move towards

61 the -- or to the position that the Staff has taken with the

7 mo'difications.that.Dr. Anderson stated.in his' testimony.
.

~8. JUDGE BRENNER: Mr. Ellis, ,you earlier' indicated,-

9 but-it might have been off the-record,.that you wouldn't'be
.

10 in a position to' respond today. We will accept that.
i

; 11

12

13

.
14

15
.

16

17

18 '

19
i

20

21

. 22

23

24

25

- . - - . . - - . - ._ ..
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AGBagb 1
'

MR. 'ELLIS : ' Yes, sir, -I- cani offer some! t
.

< 2.( -preliminary ~ remarks' if: that would~ be useful- to the Board.

"
3 fJUDGE;BRENNER: Don't dofitiif it will: polarize:

,

:]--

.
4: .your position.

15 MR.LELLIS: No,-sir, as you have. perceptively:
-

6 poir.ted out, Ilhave changed positions inLthe past.

7- JUDGE BRENNER: That's not a criticism,.

-8- reasonable' people change positions in' light of

-9 circumstances.
~

10- MR. ELLIS: - I h6pe you will continue 'to' bear that

11- in mind. .

12 Judge Brenner, first of all, --I must mentioned
'

13 what is most immediately -in the forefront of -my mind and

14
.

that is that Dr. Bush and Dr. Rau said that they would not
-

15 recommend the test.

16 Dr. Rau -- I 'm 'not sure about Dr. Bush, I don't

17 have reference to my notes, but Dr. Rau said that he did not -

18 believe that it would be definitive or conclusive, there are

19 dif ficulties with the X-ray tests that I would want to
~

20 submit affidavits on, we think that it would have to be done

21 by more than one laboratory, we think the evidence that

22 already exists is enough and we are prepared to rest on the

23 record with that.

24 We have the burden and it seems to me that if the

( 25 county thinks that there is a substantial doubt about it,
~

.
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" iAGBagb'- -11 zthatlwe haven't; carried'our bdrden,sthey-shouldLbS? satisfied: ''

,

. ,' 2 - wif.h the record <as..iti"is. .IIthink .we have carried Jour '

-

' "

3? ;burdenion that issue and'we are. satisfied with:it'and we sre=l
,

-

;r~q .

.

.

. . -

.not.at this poin. ;in time:willing'to_perfogm any:more'--~~41w f. ,, - t
,

, fSi ;particularly s'ince_it:mean's'we:still have1to monitor,.c

-

L 6 :according'to the' Staff.and according to'.the:| County.. Land ,

~ -
i

7. between now"and'the firstirefuelin'g outage these~ engines.

8 aren't going to-get more than about._50, hours'a piece. So;.--_ ,

9 JUDGE.BRENNER: That's" something :I-want to- talk)~

~

>

10' .to ,you about'. tomorrow.

' l l ': MR.-ELLIS: .Yes',_ sir.

12 Do you want;to have a'better figure; tomorrow?-
.

13' ~ JUDGE BRENNER: No,;you finish and then I will

14 give' you a coming attraction- ~of one thing I wa's g61ng to ask:

~

. 15 you tomorrow.-

. . 16 MR. ELLIS: All right,-sir.- I_would appreciate.-

17 that. It might help'me decide whether I:can find a hotel

18 room or not.

I

19 Judge Brenner, that I 'think is basically - . we

20 think there are very substantial technical difficulties

21- which.we would want to address if we were able to -- or if-
22 the Board wanted us to respond in writing formally-to the

23 motion. i

'

24
.

JUDGE BRENNER: I-would like you to see if you i

E 25 would be in a position to say anything more on it |.,

t

_

i

'i

,

h
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kGBagb[ "1 (tomorrow.; ,

.

i2' TMR. ELLIS: ;Yes,. sir.-

:.a,a & , , y
y

S3 9 JUDGE . BRENNER: " --- while we '. re on" the record .and .'

, .
,

'

-4 while 'you have some people here :you can talk to. .
~

.

' ~ MR._ ELLIS:1LI'11 try. 1Dr.) Rau is; going.back toK-

5'
a

6 |CaliforniaLtonight.'and so that'might'make it:alibitLdifficult~2

,

-7 . for him to' consult. with L me an'd i make -inquiries and ~ that . sort

8- ~of .thi'ng. :

9. JUDGE BRENNER: I: understand. - d
s

10: MR. ELLIS: Yes, S sir, I 'll do my Lbest. And some --

~ '

11- T of the LILCO people ' are in the PSC ~ hearing.

'12. JUDGE BRENNER: . I 'm not sure'what you.said about.

13' Dr. Rau's testimony that the> test would.be definitive-is-
>

- -14 fully correct in light of how --

15 MR. ELLIS: I believe Dr. --

16 JUDGE BRENNER:- -- depending.on~what you mean.by-
4

; 17 " definitive."
r .

_ .

-

18 MR. ELLIS: Right. I believe Dr. Rau' testified*

.

19 that yes, if all of it were the low temperature oxide it

20 would be inconsistent with his theory.

|-
21 But that- just -- what happens if you' have other

|
22 oxides and other things and I'm sure '--

23 JUDGE BRENNER: I don' t want..to repeat -the

i 24 testimony but I think there is a range of results ' that might
t
'

- 25- disclose useful information. '

,

# 6

'

T

,_ _ .

t

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



., . -. . - 7. . . .. . .. ,, ,
.. ~

. >- .-
.

,

'
' ~

_.
- ". % -

,
-

. , ,

.. .. .. L ... -
'

' ~ ~ -

'

26895 I
';( 9070120 04:: ,

AGBagb? | l '' . M R '. -ELLIS:-IBut.lwhIn--it's'allIover withIall you
~

2' ; get4 is well- they may be process cracks but' we < still-wantithe -
'

.
_

,
:3) . monitoring, ; we sitill.want. this and - soi orth.f

>ys

h+ 4: JUDGE 4BRENNER . Are . you . still e-- .LILCO opposes,-
- ,

.5 - fthe-monitoring;iis that right?-

t,

: :6~ 'MRJ ELL'IS: 4Yes, siri it.is our opinion.--~'off#

' ' ~

17- course, if-we:are' required to do-.it by the Staff and the.'
v

' " 8: : Board we will?certainly do'-it. 1

..
. ,.

j .- - ~9' LJUDGE BRENNER: _I understand ~that.-
' 10' MR'.' ELLIS : .But.our position, based on'the advice'

,

|- 11- and the - recommendations from our consultants |that, Dr. Rau
!-
; 12 testified to,' ' we don' t .believe' thatfitu is necessary.

'

:

13 "MR. PERLIS: Judge Brenner, ~ if I Jcould be heard-
:

14 briefly.
j
* - 15 - First of all I am. a bit disappointed the Staff - i
,

16 was not apprised of any of this _ until Mr. Dynnern mentioned . A

i ~17 it in the courtroom earlier today. As a result I have not-
!

,

) 18 had a chance to talk this over with Dr. Bush, who now is
i

19 happily on his way back to Washington, D.C.

20 JUDGE BRENNER: I understand your statement. |

21 I.'ll only tell you that the thought came as no: surprise to
. 22 me when Mr. Dynner mentioned it. I didn' t know that he had i
!~ ;

[ 23 _ discussed it with Mr. Ellis, of course, but the fact that |
t.

24 this thought might occur to people sitting through this

v 25 -hearing is no_ surprise.,

L !
i
,

f. -

e

-'

i
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EAGBagb' .l' MR. PERLIS No, all I mean to say.is I have not
!

2 . had a chance to - talk over with Dr. -Bush a number of ~

3 : questions which I would need to discuss 'with him before I

(_f 4 could reach a position on.this. We L don' t know anything-

5 about the laboratory or- the nature of the test. I think

6 . some sort 'of- acceptance criteria would be necessary

7 beforehand, -if in fact any acceptance criteria are possible

8 that'the parties could agree to. I don't.know. I just

9 again didn' t' have a chance to' discuss it with Dr. Bush and I

10 wish I had been told about it.last night.

11 Other than that~it has been our position inLthe'

12 hearing that the testing is not necessary. That is not.to

13 say that we wouldn' t -- we might agree that it would be

14 helpful, I don' t know. I. haven't had a chance to'discues it
.

'

15 .again. I wish I-could give the Board more, unfortunately I

16 can' t at this point.

17 JUDGE BRENNER: Why don' t you see if you .can talk -

18 to some people between now and tomorrow morning over the

19 phono?

20 MR. PERLIS: I will try and contact him.

21 JUDGE BRENNER: If you cannot I understand 'that

22 but it might be helpful.

23 MR. PERLIS: I'm just not sure that I know where

24 he is going to be staying in Washington.
t'

( 25 JUDGE BRENNER: I just said it might be helpful.

_ . _ . . . _ , . ,_, - _ _. -
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AGliagb) 1, .- MR..DYNNER:. One '~last ' remark, -if' I |may, . about .:J

,

2. this-. thing procedurally.

I Ldon' t. want { procedure to' get in' the way of what=3 -

.

4~ ' we are.trying to get.:at. We-would be happy to have this

~5 . viewed as an offer, an: open ' offer J on the table of a: way of -

6 - at least a partial L settlement of this' issue. Howeveri if

7 that is not successful.--

8 - JUDGE BRENNER: | In ' fact you' ve made a moti~on.'

we would L also like this viewed as9 MR..DYNNER: --

10 _ a late but,' in our view, justifiable. motion to compel so

11 . that we : can: put new evidence before - the Board of this
~

12 nature, sir.

13 JUDGE BRENNER: I understood that and we didn't-

14 have to get that far'in our discussions today' but we'might

k- 15 tomorrow and in the context of whatever we might do on the

16 other subjects, one thing I might ask is what would be the

17 objection, even if LILCO doesn't want-to do the test and
,

; 18 even if the Board doesn't order LILCO'to do the test,- to=

19 providing the County with the material so the County could'

20 have the test done if it wishes. So you can'think about,

'

:
i 21 that.
i

; 22 One thing I was going to ask you tomorrow --
F

23 everybody, but -- well I was going to ask LILCO, that in

24 looking at the schedule as proposed and what may '

,. 25 realistically be assumed, what you had in mind as to the

.

f

$
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'AGBagb. li potential decision / dates by'thishBoard under?those schedules
~

=2- 'and how those schedules factored-in to the dates by which
' ~

3 'the Colt-diesels will be'available.

j hi. 4 =MR.cELLIS: I 'm sorry,L I was listening 'and

5 -writingLat the same time.- Do I understand.that you would

6. like to understand how the dates th'at we proposed or would
~

7 be-agreeable to would nesh with when the Colts are going to

8 be:available?-
.

-9- -JUDGE BRENNER: :Yes. I-will even give'you-'a'

10 starting point. ' Assume, just Ifor - the - sake of assumptions

'll and for no other reasons that if we .were to permit-

12 re-opening, that further hearings concluded around th'e end

.13 of February and then you take it = from there as to what you

14 would expect- in terms --- and you know what the normal t

15 findings -- what findings schedules are normally and.whether

16 you have'some adjustments in mind, we can hear about that

17 also, and then just again for the sake of argument factor in

18 two months for Board decision time after the last findings

19 are received which would presumably be a reply. And then

20 you tell me what date you get ' to. And then you check on

21 what dates the Colts are going to be available.

22 MR. ELLIS: Do you also want us to estimate when

23- a Colt litigation might be over?

24 JUDGE BRENNER: I don' t know of any Colt

- 25 litigation pending_before me.

!

,- ,----3 w , . , ,.,_v .--,,e-- . ,. , - , , , , _ _ , , . ,-.r-e-rr , , -.ve
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.MR.>ELLIS: Not yet.' '

.,

!2 .MR.:DYNNER: lIs-that anlinvit tion?.
'

- - <

'

- _

3 ' MR. ELLIS: Itl.1s a' predict' ion. .
"

; g
..|4 . Everything has;.been Llitigated - =

,
. . -

i -
.

.

- - #
..

"'
_ _

-5- ~ JUDGE:BRENNER: I.could: paraphrase Nathan Hale..la't?

6 -this~ point and!say~I regret that(-I'only have:oneflifeito' -

, 17 - give to a- diesef lit!'igation.

8 :(Laughter.)
.

9 But you didn't meanLus, you meant;some
~

-10 adjudicatory body.

11 : MR.- 'ELLIS : .I|just was'trying to understand 1the:-

12 relevancerso that.I coul'd. focus on --
~

13 JUDG3 BRENNER: = Well?I want'-to know whether we,

.

14 are goingfto-be sitting over a mootLhearing.
-:

'

15 MR. ELLIS: Well-I can assure the Board'that

16 that's not-the case because these-diesels the company.
17 intends to use, as I have indicated in the pleadingi whether

18 .or not the Colts are -- whenever the-Colts are installed,'

19 the company intends to use these diesels.-

20 JUDGE BRENNER: All right.- 'We'll'come back to it-

21 some more tomorrow.

22 But the use, as I understood it, beyond-what

23- LILCO had asked for, that is, the first refueling, would be

.
24- a backup use, and the - reason you were only asking for

. 25 findings until the-first refueling --- although you were.

+
.1
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AGBagb 1 careful not to want to put a time limit on that, you wanted

2 to leave it as I have just stated it, to the first refueling-

3 the reason you weren' t requesting any findings beyond--

() 4 that is because they would just be backups and therefore not

5 part of any regulatory support.

6 MR. ELLIS: No , sir, let me just clarify that:

7 The reason for that is that the Staff cannot

8 reach a conclusion about the full life of the diesels until

9 it is fully reviewed by DROR and it will not complete'that

10 review for some considerable period of time. And the whole

11 purpose of the SER was to find an interim basis to the first

12 refueling outage and that's why we felt it reasonable that

13 findings would be generally limited to the first refueling

14 outage unless something happened in the evidence that

O 15 justified the Board in going beyond that.

16 JUDGE BRENNER: Then what did you expect to do at

17 the first refueling outage in terms of seeking approval for

18 anything beyond that.

19 MR. ELLIS: We will have to do whatever is

20 required. If further litigation is required at the time we,

21 will have to do that. If not, it may be by that time that

22 the County and LILCO are marching together arm and arm into

23 the sun and it will only require approval of the Staff for

24 us to go beyond that, particularly in view of the 20

25 megawatt turbine and the other diesels.
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So,- predicting what iaf' going ito -happen then, isg g

'12
' 2 difficult to'do. But I c:nn telFyou tha'tfitNis the =;{

~

-
.

Ji . 9
<A .. .

.,
_

3- ~. Company's positilon. that they : intend to use .both; . and they-"
-

pI I%.

4- intend -to use both, - at this time,' i for- the 1 fe ' of the plant.
y . .

-

'

.' 5 ' ' JUDGE BRENNER: '/dl right. .I.Ithink that answers-
,

'f ;

,
.

my moo $ ness q'lestion;; but I'd be' interested in-how you6

7 envisponthe. timing, in-any event.,
,

8, .MR. ELLIS:--Yes, sir.

9- ^ , JUDGE BRENNER:- Allifight.'

y-
,

.
10- We have nothing else for today, - excep*. -- well,.

'

-
-

y.
,

11 go' ahead.- I 'll"give you a chance now.-

4. ,;- _. - ., ,
- 12= MR.LELLIS: I think this-might help'in the-

13 ' Boar (1's consideration. '
-

.,

. 14 In our motion,_we made.an effort'to limit or
bV 15 circumscribe the kind of evidence which we would consider-

16 ought to be'added to the record. We did that in an effort

17. to keep the size of the' litigation, as we.envicioned it, to-

18 what we thought waii .appreynate.
.

:

19 From the pleadings of the County and the pleading,

20 of the Staff, it; appears that the Staff and the County would; ,

'i' 21 prefer to have more tot do -- specifically,- I suppose, the-
22 block top inspections, as well. And I think.it would help

23 the Board intits desliberations if I advised you, as I do
f-

24 1. ow, that L;LCO bas no objections to the use of those

,

25 inspections in a hearing. S

\

/
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u

?

.

'
'
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$ VAGBbrb'I l IJUDGE BRENNER .. LYou also had a ; circumscription ~ ---

:2 since you . used that -word -- . on: the : calcul'ations - that would 5-

,

' 13- '.be' pertinent'.for: the crankshaft, :'and you limited it toiDEMA'.s-

.x .
{ ), 4i :MR.-ELLIS ';Yes. .Letime' address-that.-
~< a

'5 I think the dompany's position:would be'that.it~

6 Lwould :be a'greeable ~ to expanding thatito permit anyj party. to -
~

-7: . submit a calculation . at 33,Ibased on'-a -fstia'ndard ' or 'a method ''

1

e
.

.

.

.

. . .

L .8. that'the-Board had previously' ruled was admissible ~and

9 relevant,iandithatfthey:hadLpreviously done.--
.i

10 _In other' words, .if Party X had previously done an H

11 ABS calculation --

112 IJUDGE BRENNER . Yes. That's what-youTsaid in- !

13 your pleading, -so you haven' t changed that.
.

14 MR. ELLIS:. Well, no.
.

15 'What I have suggested is that it need not be

16 limited to DEMA.'.

17 JUDGE BRENNER:: I think, in your pleading -- I
~

18. have to'refreXh.my: recollection - you also -- the reason.

19 you gave was because - you said unless a party had actually.

-20 done a calculation under the particularostandard -- well,

21 all right.

22 MR. ELLIS: Well, I'm not sure, Judge Brenner. I

23: thought I was expanding. I think that may be a moot point,

24 because there may be certain limitations on the parties'

25. abilities to do it. So I don't.think that's a major issue

,

-
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___4AGBbrO; ili Jwith LILCO ye'ith~er.
.

'

Ijjust[thoughtsthat niightihelpithe Board in Litsj2.- -

U
,

?31 idel'iberationse,FL M '

',w ..

JUDGE | BRENNER: - | All"q::right.dy) , . -

,

14 - -

.

'

I5 | JLetEmeimention one otherjthing|that might-LcomeLupt

_ 6 tomorrow. , , ' If we |we're 1 tof reopen, Jthere : l's E testimonyf by' ' i

* " 7: Lcertain(witnesses, so thenithe |te'st' becomesJ1atert the.# extents
.

:td.which'different information'and?different--circumstancesi.8' J
'

, g'-
,

~91 = may Lorf may_.not:| change the conclusions of the prior; '

. >

|10) testimony.
-,

,

? 11: When you're dealing ~withJthe_'same witnesses;?you.

:-12 ~ - can more(easilyL ascribe: the cause of LcertainL changes, .'or - the '
~

*

13 reasons,for not' changing. -If Lwitnesses : start changing,ithen
'

- - . 14 there's the other permutation of, weu, is -this coming -out
'

*

. 15 differently because there's'a difference:in}viewsand
.

'
. .. ti

..16 approach: of the witness, or is it solely 'due to s'omething in-
.

-

17 the;_ testimony? And-I-point that;out, too,.for the: parties

18 .to'considert:and-we might ask tomorrow who the: witnesses are
d

19 going ~ to be for each. party if w permit reopening.- '

20- MR.~ELLIS: Yes, sir'. .

21 JUDGE BRENNER: Don't take that to'mean that'the
'

.;

-Jit 22 witnesses have to be the same, by any means. Often a) Board "

23 will put out things for discussion, and we, sincerely mean j
,,,

, . 24 just that. Sometimes I' fear that.when we put things up for
L

- .25 discussion,' parties mistakenly leap'to the conclusion that: . - - .-
_

-

' + - - - 5 5

+

1!-



. . ' a _, .g- - --

- x- y; --
,

, a,
,

< - 7;
_

,

, , .

_

l' k- 5 0

n ' !n
. .

0907032f 04: - ' -
~

'

. :26904-
'~

'
. _ . '

. ..
.

~s ~,

"AGBbrbs fif :we' r'e 'trying .to L subtlyjdirect:; something;; and often 'that's (
'

, (2' - not L-the ? case. -
_

_ '.c
~

<

:

13
_

' Alliright. n We ' re going t to . - Mr. f Perli's,; did youl- ^'
.

.

'\p];:
-:

_ 4 .: h'aye 'lsomething? i
_

'

;

'

~

5- iMRk PE'RLIS: No .-,

fx '6;
_ . JUDGE BRENNER;.(We're? going toL' adjourn! inia;

'" '17A moment. . -

s

1- 83 _ I.would1ask;the' parties toLtry?toftakeithentime"
~

.

'9' out of -what? I know isia busy' schedule'for(you'.all/tottalk? '

,

L
~

-10- ' about! the? block iss'ue':.'so L more', ratTleast: amongf counsel;} in ::

.11. terms of the tes't that'- was ' mentionedh

.12 LThere were some other' things that':came up on thei
.

13 record ?that might1 be ? pertinent for ' possible . narrowing of
- 14- views. I think thatLif the parties'ad-.put all'the

~

h

b ~ 15' witnes'ses together before we i started : this procedure : that - the -

16 testimony might have been' narrowed somewhat. To be sure,

17- there still would have been disagreement,'apparently;'but at: -

18 'least' matters would have been narrowed, and then there.would--

19 have been time.for parties'to decide what to do about those

20 points that still' remained in controversy prior-to the

21 hearing.

22 But life is not perfect. 'There still.may be time

23 for certain things to be done. I don't know. For example
i

.24' -- and-it's just an example; don't take it as any indication.,

-

.L :25 . of any view by the Board -- maybe a 500X magnification for.

, s
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,AGBbrb- Jl ;the' witnesses (to:look'at:together.would show something.

b
2_ ;Maybe not.. I_ don't k'now..-Maybe a replication,-

.

-- 3 inon-destructive, 'of another area 1of the 101 and 102 would
A:

1 .4. :showssomething,or not show'something; I don'tfknow. And-

51 when-I say these things,-you have_to understand I.'m totally-

6 . ignorant of feasibility, on'everything that's involved in.

-. 7 . feasibility - time, expen'se, ; e ffort ~and so on.

8 'And'when'we put the" findings'together,-basedLon,

9 the present record,,we might conclude that?none of these

10 other-things were necessary;or thatfthey-wouldn't matter.-

11 'anyway, - for 'some other - reason.- - And : that, too,::is_an
_

12 uncertainty.

13 We're_ going-to be talking'about a Findings
~

14 schedule ~ tomorrow as part of the overall motion; and-I can

V 15 give' you .the view that .our preference would be to set a

16 schedule'on blocks, regardless of our ruling on the motion.

17 But we'll talk about it tomorrow, -because :I. think we --

18 well, I 'll leave it at that, and that's another subj$ct'that
19 will come up.

20 All right. We'll adjourn until'nine:o' clock'

21 tomorrow morning.

22 (Whereupon, at 4:25 p.m., the hearing:in the

23 above-entitled matter was recessed, to reconvene at

24 9:00 a.m. the following day.)
p
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