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PROCEEDINGES

—

JUDGE BRENNER: Good morning.

Are there any preliminary matters?

(No response.)

JUDGE BRENNER: Hearing none, you may continue
your cross—examination, Mr. Dynner.

MR. DYNNER: Thank you, your Honor.

Nhereupon,
ROGER LEE MC CARTHY,

O ©V O N O v A wWN

HARRY FRANK WACHOB,

CHARLES A. RAU,

CLIFFORD H. WELLS,

N

EDWARD J. YOUNGLING,

—
w

| W
»

CRAIG K. SEAMAN,

15 DUANE P. JOHNSON,

16 and

17 MILFORD H. SCHUSTER

18 resumed the stand and, having been nreviously duly sworn,

19 were examined and testified further as follows:

20 CROSS=-EXAMINATION (Continued)

21 BY MR. DYNNER:

22 0 Dr. Rau, 1 asked you yesterday to get me some

23 information concernng Exhibits B-49 and B-50, and I think
. 24 you agreed to do so for at least two of my requests, and the

third 1 think was taken under consideration.

n
wm



100 01 02
WRBeb

.

0O VvV O N Db VA WoN

A2 W N = O ©V O N O UV B W N -

24719
Do you have the information that I asked you to
calculate today?
A (Witness Rau) 1 have made several calculations.
As 1 recall, the first thing which you asked about was what
the magnitude of the mean stress and the magnitude of the
cyclic stress or the alternating stress was at the Gage 13
location at 3830 Kw. I think you asked 3900 but the test

was run at 3830, as we previously statad.

Q Yes. The way I think I phrased it was if v»Hu

looked at B-49 and B-50 at the overload condition, which the
only information you. have is 3830, where would those
asterisks or stars appear for the stud-to-stud crack
tnitiating in a block that already had a ligament crack.

That’s your understanding of my question, wasn’t
it?

A No, it is not quite, Mr. Dynner, but I think you

will get the same information.

My understanding of what you wanted were two
things:

First, you wanted=— You said 3900 but in doing
the test you wanted to know how high the steady or the mean

and the alternating stress got, and I will give you those

numbhers.

At Gage 13 the mean stress is 14,900 pounds per

square inch, and the alternating stress is 3,410 pounds per
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The second thing that you asked me to do was to
estimate for you or determine for you from the analyses
presented how much the alternating stress and the mean
stress increased at the stud-to-stud crack location due to

the presence of a ligament crack. In other words, what

increase in stress resulted at the stud=-to-stud location
between the time there was no ligament crack and the time

there was.

O O O N b v s W N

As I indicated, that information could be

obtained from scaling the points shown on B-49 and B-50. I

p—
b

have gone to the actual numbers and they are as followss

o,
N

For Exhibit 5-49, the low-cycle fatigue, the

w

—
B

ratio of the increase in the mean stress is 1.26 or, if you

15 like, a 26 percent increase in the mean stress associated

16 with low-cycle fatigue due to the presence of the ligament
17 crack.

18 The corresponding increase in the alternating

1S stress due to the presence of the ligament crack is 1.23, or
20 a 23 percent increase.

21 The corresponding increases in mean and

alternating stress relevant to high-frequency fatigue,
that is, those that would be associated with B-50, are for
the mean stress, 1.27 or a 27 percent increase due to the

presence of the ligament crack, and the corresponding
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increase in the alternating stress is i+!2 or a 12 percent
{ncrease in the alternating stress due to the presence of a
ligament crack.

Q Dr. Rau, 1 want to direct your attention to the
fact that my question to you was not to ask you the mean and
alternating stresses at gage 13 at 3830 but as the
transcript reflects on page 24,651, in fact | a<ked you to
tell me, on B-49 and B-50, where these asterisks or stars
would be located in the event that the engine was at 3900
Kw.

Have you done that calculation and can you give
me that information?

A Mr. Dynner, 1 did not do that calculation {in
precisely that way. Obviously, | misunderstood slightly
what you were asking.

That number can be obtained from those [ have
just given you.

Q Well, again to clarify for you what 1 asked was
where would the asterisk which indicates the point at which
the crack would initiate in various conditions, where would
that asterisk be at the overload condition? I said 3970
Kw. 1 gather from what you have told me that you could only
give me that information for 3830 Kw, and | accept {f that’s
all you can give me, that’s all you can give me.

But ] would like to know plotted points.
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If you need additional time to give me that
information, perhaps you can give it to me after the break
or after lunch. I don’t want to put you on the spot right
now to do some more calculations.

A That would be no problem. [ would be pleased to
do that. It will just take me 15 or 20 minutes of quiet
time and I can do it.

Q All right. Thank you, Dr. Rau.

And Dr. Rau, with respect to the increased
factors that yvou gave me for B-49 and B=50, where you have a
ligament crack already present as opposed to when there
{sn’t any ligament crack present in the top, you gave me the
factors in terms of mean and alternating stress increases.

Would one add those together in order to get the
total increased factor?

What I’m trying to do, you see, as I made clear
in my question yesterday, is to compare the results of these
diagrams with the statement in the Block Report that I
quoted to you yesterday to the effect that the increase was
by a factor of two, and the Block Report did not break it
down into mean and alternating stresses. So 1 would like to
get a number that 1 could compare with the statement in the
Block Report that the increase was by a factor of two.

A I think there were several things in that

gquestion., Let me stress the last one. [ think I have
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But in order to make tne comparison which you

said — which you’re asking about, the ratios | gave you for

the alternating stress are the appropriate ratios to compare
with the approximately factor of two which we presented in

the preliminary — the draft report in June.
In other words, the draft report in June talked

only about the increase in the stress.s associated with

firing pressur: as being approximately a factor of two

0O ¥V O 94 O U a2 W N

higher by the presence of a ligament crack. So the

corresponding comparison is that factor of two for the

effective firing pressure increase due to ligament crack

—
N

with the ratio or the percentage increase in alternating

-
w

stress which I have given you to be 12 percent or 23

»

percent, depending upon whether you’re talking about high

wm

frequency or low cycle fatigue.

-
O

Now there’s good reasons for those differences,

-

and I think we talked about some of those yesterday.

e 4]

Q 1 haven’t asked you to explain that. I just

©

wanted to know—

N
o

JUDGE PRENNER: Mr. Dynner, excuse me. It was

~nN

not a very clear question. Just ask another question. It

N
V]

was not clear in the sense that it did have several

n
w

subclauses, so instead of going over what you think you

N
E

asked in the previous question, it has become a

]
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conversation instead of question and answer.
MR. DYNNER: [ certainly don’t want that.
BY MR. DYNNER?
Q In the Biock Report on page 3-| there is a
statement that sayst
uOnce a ligament crack is present, the
transverse stress between the stud holes increases
by a factor of two."
Do I gather from the information you have Just
given me this morning that you are now saying that once a
ligament crack is present, the transverse stress between the
stud holes increases by a factor of anywhere from 1.12 to
1.272
A (Nitness Rau) Yes, Mr. Dynner, that’s exactly
what I“m saying. And as I indicated yesterday, there has
heen substanti{al improvements and refinements in the
analyses used to compute the effect of the crack and to
compute the scale factors from gage 13 to the higher stress
locations adjacent to the stud and to the !igament area.
The biggest change is the one that I mentioned
yesterday, that we used a two-dimensional model back in the
preliminary analysis in the report in June, anad that
preliminary two-dimensional analysis, by its very nature of
being two-dimensional, had a ligament crack which

efrectively, because {t’s two dimensional, runs to infinity.
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It starts at the block top and runs as if it went on
forever.
And clearly that produces a much larger increase
{n the region adjacent to the — on the stud side than the
realistic case where a ligament crack is only 1.5 inches
deep compared to the entire thickness of the boss. And
that’s why the factor has decreased in the more refined
‘vsis compared to what it was in the preliminary

t o-dimensional approximation.

Q The third request | made was whether you were

able to tell us what the lowest load level on the block

would be == on the engine would be before your Goodman=Smith

diagrams would show that a crack might initiate.

Have you completed that-— Can you give me that

information?
A No, Mr. Dynner, I cannot.
Q Are you going to give me that information?
3 No, Mr. Dynner, 1 don’t think it is appropriate

to do that calculation for the reasons we talked about
yesterday.

I thought about it last night again, and for the
same reasons | stated yesterday [ don’t think the
Goodman-Smith analysis is appropriate because of the
conservatism implicit in it for making that kind of a

orediction. And {f I were to attempt to answer your
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question directly, that is, to produce a prediction of the
load levels at which fatique crack initiation would occur, I
would havs tc take out and do a much more — even still more
refined three-dimensional analysis of the combined block and
head to eliminate the conservatism in order to make a
meaningful calculation of those load level above which you
m’ght expect fatigue crack initiation.

MR. DYNNER: Page 37 of the cross plan,

Judge Brenner.

JUDGE BRENNER: Maybe vou’re not interested in
this, Mr. Dynner, and mrybe ] missed it {f we got it, but I
have a recollection that you also asked for what the
particular plottecd points were for the asterisks in B-49 and
B-50. Did we get that?

MR. DYNNER: Yes, sir, that was the first
questions 1 raised, and Dr. Rau had said he did not do
ttat. What he did give me was mean and alternating
stresses, and he sain that he would give me the plotted
di fferences in the asterisks this afternoon.

JUDGE C#EWIER: It was not clear. He said he did
not mose them for you, wt I thought you wanted to get on
the record what the particular points were at which they
presently appeared on B-49 and B=fu. You rememhar, he was
goir3 to mzasure them— You askec him to measure them from

the diagram, and . said we could all do that.
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I just raise it for your consideration, and you
can move on to whatever you want to, Mr. Dynner.

MR. DYNNER; What [ really want to know,
Judge Brenner, is what I have asked Dr. Rau, which is to
show me where the asterisks or stars are, and he said he
will do that by either after the break or after lunch.

JUDGE BRENNERs Okay.

BY MR. DYNNER?

0 D-. Wachob, is the as-cast thickness of the block
top 3-1/2 inches?

A (Witness Wachob) The block top is nominally
shown in the drawings as 2-1/2 inches, and the information
provided to us by TDI was that approximately an extra inch
of material is involved in the original casting and is
subsequently machined off, so that would make the original
block top that 3-1/2 inches thick in the as-cast condition.

Q 1s that true of the original 103 block and the
blocks for 101 and 102, and also for the replacement 103

block?
A That is true for the original 103, and the

original 101 and 102.
The new 103 block, however, is slightly thicker

and therefore the original casting thickness is

correspondingly that much thicker.
Q Can you teil me what that is, what the

thickness is as cast on the replacement block?
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I would like to refer you to your own testimony
on page 68 where you say that the increase in the thickness
at the top of the block was approximately one half-inch.

And what I am trying to get at is is that half-inch also the
increase of the as—cast or was that the increase in the
machined block thickness and therefore would the increase in
the as-cast thickness be more than a half-inch greater than
the original blocks?

A The cast thickness of the new 103 block as shown
in the drawiggs in the machined condition is three inches.
1 am not aware of any changes in the additional material but
1 do not know exactly what the as cast thickness of the
block top would he.

Q Now you testified I believe yesterday that the
original 103 block was not 2-1/2 inches but was 2-3/4 inches
thick, is that right, Dr. Wachob?

A That’s true, sir.

Q Have you measured the thickness of the block tops
of 101 and 102 as they currently are in the engines?

A 1 have not made a measurement of the block top
thickness in the 101 and 102. Mr. Seaman or Mr. Schuster
may be able to provide information to clarify that.

Q Well if anyone on the panel could tell me what is

the actual measured thickness of the block tops of EDG’s 101

and 102¢.42
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A (Witness Schuster) We have not made specific
measurements for thickness in the block top. The block top
geometry and the varying thicknesses because of studs, et
cetera, do not lend themselves to the thicknesses as defined
by yourself, sir.

Q But you could do it for the original 103 block?
And you did in fact do it, didn’t you, Mr. Schuster?

A I did not do that. That was done
metalloyraphically. It was done with the sectioning, that
would be confirmed with sectioning. We did not use standard
nom-destructive examination techniques to verify thickness
of the block top.

Q Dr. Wachob, on page 29 of your testimony in
answer 38 you refer to extensive testing.

s a1l of that testing described in your written
testimony?

Dr. Rau, you know the rules — or at least the
request and the Board has already said thiss when I ask the
question of a witness by name would you please refrain from
talking to him before he answers the question. After he
answers the question if you are the co-sponsor you can then

add what you have to say.

JUDGE BRENNER: The other side of the coin, as
you know, Mr. Dynner, but [ will state it expressly is that

you should only limit questions to a particular witness when
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you feel the need to do so, because it is more efficient to
direct it to the panel and you have witnesses who have been

{nvolved in several different aspects of the work here.

MR. DYNNER: Yes, sir. [ am also aware for other
reasons that it was Dr. Wachob who actually performed the

testing, the metallurgical test.
JUDGE BRENNERt I repeat. I am not commenting on

this particular question and answer because of course I
don’t have the detailed knowledge. But I made my general
statement. And some of what occurred when the County
witnesses were up there had some differences in degree,

because you had some County witnesses up there who had
nothing whatsoever to do with an identifiable aspect of the

work. And it was clear to everyone and the witnesses so

informed us.
MR. DYNNERt Just so the record shows, while you

were talking to me, Dr. McCarthy and Dr. Rau were continuing
a discussion with Dr. Wachob, and that is the kind of thing
where 1 would like the Board to enforce the rule that it has
enforced 1 think even-handedly with previous panels.

JUDGE BRENNER: [ didn’t see that.

MR. DYNNER: Yes, sir, that’s why I am brinjing
it to your attention, sir.

JUDGE BRENNERs Well if it took place it

shouldn’t have, but try, as I said, Jjust to — I am



100 02 04

| WRBagb

24731

repeating myself now — only limit the question when you
need to because otherwise we are going to get the follow=up
and the follow-up and you have a time frame also.

WITNESS SCHUSTERs Judge Brenner, may I add to —

JUDGE BRENNER: No.

BY MR. DYNNER:

0 Dr. Wachob, can you answer the guestion for me
now?

A (Witness McCarthy) Just as a preliminary
matter —

JUDGE BRENNER: Wait a minute. Let Dr. Wacob
answer the question.

WITNESS WACHOB: Both Dr. Rau and mysel{ have
performed extensive testing on the block top on Engine
No. 103 materials. This has included metallographic as well
as mechanical testing and other evaluations.

BY MR. DYNNER:

Q My question is is the extensive testing that you
refer to —
A (Witness Rau) Before you go on, Mr. Dynner, can

1 add to that, please?
MR. DYNNER: No.
WITNESS RAU: You made a statement that I did not

participate —
MR. DYNNER: No.
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WITNESS RAU: - did not do any of the mechanical
testing...

JUDGE BRENNER:t Wait 2 minute. Mr. Dynner’s
statement doesn’t matter, it’s that simple, and he is not
going to take offense when I say that.

BY MR. DYNNER:

c Now can you answer the question?

Is the extensive testing that you referred to in
answer 38 described in your testimony?

A (Witness Wachob) The results and conclusions
that are stated in our testimony are based on the extensive
testing that we have done on this material.

Q Now once again, and I would like you to answer
yes or no and then you can explain {ts

Is all of the extensive testing that you referred
to in answer 38 described in this written testimony?

A (Nitness Rau) Is that directed only to
Dr. Wachob or to anybody?

Q Well I will let you answer too now, Dr. Rau.

A The answer to that is it can’t be answered yes or
no. 1 mean clearly not all of the detalls and each and
every bit of testing both metallographically and
mechanically is described in the written testimony. But as
Dr. Wachob has indicated, the significant results and

conclusions are.
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Q Thank you.
Did *he original EDG 103 block and the blocks of
EDG’s 101 and 102 all meet the specificatiop requirements

for Class 40 gray cast iron? Anyone.

A (Nitness Wachob) The specifications require that
the mechanical test strength be greater than 40 Ksi. All
three blocks did exceed this minimum. And in fact. 101 and

102 exceeded the minimum requirements for even a Class 45

gray cast iron.
Q And were all of the chemical and physical reports

for those blocks satisfactory?

B The chemical and mechanical results that were
reported on the certificates fall within the bounds
anticipated. There is no chemical specification on the
Class A-48 ASTM materials.

Q Were they satisfactory?

A There is no specification, so that they cannot be
compared and say that they were — met a specific
specification. They were within the bounds of the nominal
material chemistries.

Q Were the chemical and physical reports
satisfactory?

It is very easy, you can say yes or no and then

explain your answer.

5 (Witness Rau) Mr. Dynner, excuse me. Ne
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understand that you would like a yes or no answer. We
understand that. You have tpld us at least 20 times. And
when we don’t give you a yes or no answer it {s because,
unless it slips by mistake occasionally, we can’t give you
one. Now you can continue to do this but we will give it to
you if we can.

You have asked a question about the chemical and
physical parts of it ——- whether it was satisfactory.

Dr. Nachob has said the specification has not called out — {t
requires nothing with regard to chemical or physical
specifications, it has only a mechanical test requirement,
period. Therefore you cannot answer yes or no to that
question.

Q Now Dr. Rau, you have to listen to my questions.
I don’t think you are.

I asked you... I didn’t ask... The second
question was not about specification. Now you listen closely
this times

] said were the chemical and physical reports
satisfactory? [ did not ask whether they met any
specifications, I sald were the chemical and physical
reports satisfactory for these blocks.

MR. FARLEY: Objection, asked and answered.

JUDGE BRENNER: It was never answered,

Overruled.

R T e S G
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WITNESS RAUt Mr. Dynner, the answer is almost
the same. | can’t answer yes or no whether it is
satisfactory because the specification has no criteria with
which to evaluate those reports other than the mechanical
test. There is a specified mechanical strength in the B bar
and the results of the mechanicel test were satisfactory in
that they met the required minimum in the specification.
There are no specifications for physical or chemical, which
is what your question went to, and therefore I can’t answer
yes or no about whether they are satisfactory.

BY MR. DYNNER:

Q Did anyone else on the panel, including LILCO,
evaluate the chemical reports for these blocks in order to
determine whether or not they were satisfactory?

A (Nitness McCarthy) Just for clarification, what
do you mean by ngatisfactory,” if you did not mean

conformance with the specification?

Q Well just for clarification, Mgatisfactory" means
that the chemical reports show that the chemical composition
was something which would not cause the person reviewing the ‘
report to say that we don”’t want this block because of {ts
chemical composition. ;
A Well unless one had some aesthetic preference for |

some certain composition, without a specification there |

really isn’t a basis for that unless they forgot something
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like carbon or iron, We stil] —-

2 Q Nell you are arqguing -
Fid 3 A No, we still don’t —

4 Q -= the propriety of the question and [ am looking
5 for the answer as pending.

6 MR. DYNNER® And Judge Brenner, I would ask you

7 -= | have done my best to try to control this panel and mov»
8 along with expedited questions and answers and [ am not

9 succeeding.

10 JUDGE BRENNERt Well you have gotten answers as
11 to why those answering so far didn’t believe they could

12 answer the question --

13 MR. DYNNERt There is a pending question ==

»

JUDGE BRENNER®* Walt, let me finish.

15 MR. DYNNERt [I’m sorry, I thought you were,
16 JUDGE BRENNERt == in the terms you asked |[t.
17 I understand what you are trying to get and I
18 understand what they are saying also ancd | have allowed you
19 to put the question several times to see If you can get
20 refinement on the answers. But [ don’t agree with any
21 implication in your remarks that they are trying to avold
22 answering the question to date., | can see why {t would be
23 confusing to them and they have 3iven certaln answers

. 24 already which we have heard.

25 And | have 2'lowed you to put the question again
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and we are waiting — you have changed the question slightly
and that question is pending.

WITNESS RAU:t 1 will need the question back now.
1 didn“’t understand the difference.

¥WR. DYNNERt The question was not posed to you.
You have already said that you didn’t --

JUDGE BRENNER: Mr. Dynner, let me interrupt you,
even though I don’t let you interrupt me. You posed it to
anyone on the panel, if you remember your phraseology.

MR. DYNNER: Yes.

JUDGE BRENNERs: All right. He is on the panel.

BY MR. DYNNER:
Q Does anyone, including LILCO, know whether there

was an evaluation done of the chemical reports on the three

blocks to determine whether or not the reports were
satisfactory?

A (Witness Youngling) Mr. Dynner, LILCO was not
aware of any chemical reports that came with the original
shipment of the blocks, so we did not review those reports.

Q Dr. Wachob, would you pleace identify-= [ refer
you %o your &nswer 40 on page 30, Would you please identify
the areas a-sociated with the heavy section portions that
you were referring to in that answer?

A (Witness Wachob) The heavy sections that we were

referring to in that answer are associated with the block
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tops themselvesi therefore, a very thick section among —
and incorporated into the block, the cylinder block.

Q Please identify the particular section from
which this testing took part on.

A This is referred to as the replication that we

did of the cylinder blocks at Shoreham.

Q Which part of the block top are we talking about?

A The block top itself, at the No | cylinder
position.

Q 1s that on 101, 102 and 103 that we’re talking
about?

A Yes, sir.

Q Dr. Rau, can you help out?

A (Witness Rau) I would like to add to that.

I think what you’re asking, Mr. Dynner, is where
do the specimens come from that we cut from the block top
regions as well as the replicate locations.

There have been four different sites on each of
those three blockss that is, original 103, 101 and 102. On
the original 103, of course, there had been many more than
that associated with the cut-ups and examinations at

different sections of the block.

But for each of those three blocks there is a
section cut off from the corner ad jacent to Cylinders 4 and

5 on the exhaust side, as well as a section -~ not a
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section but a piece of metal removed from the block top near
the end of the engine. And there’s also a repiica. Let me
defer to Dr. Wachob for the precise location of the replica
and the smal!l piece. My recollection is not that clear.

A (WNitness Wachob) The four pieces that were .
taken, the first two were as described by Dr. Rau. Another
piece was a small chip taken out of between one of the
crotches in the cylinder on the exhaust side, and the fourth
one was the replica that I was referring to of the block
top, and that was taken off of the No. | cylinder position.

Q Dr. Rau, I would like to specifically now ask
about the metallurgical examination of the blocks of 101 and
102 EDGs as opposed to the original EDG~103 for a moment.
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When you refer to the corner ad jacent to
cylinders 4 and 5 on the exhaust side from which samples
were taken from 101 and 102, were you referring to the

corner of the block top up near the exhaust manifold support

which is a flange?

A (Witness Rau) Yes, it was taken from a corner of
the block in the vicinity of the exhaust manifold support.

Q And what is the thickness of that particular
portion which sticks out from the block from which the
sample was taken?

A (Witness Wachob) At that position it is the same
thickness as that of the block top.

Q Two and three-quarters inches or two-and=-a-half?

A In the finished condition it would be the two and
three-quarter inches.

Q Do you know whether that particular area which
sticks out from the block top cools at exactly the same rate
or, in fact, did cool at exactly the same rate as the area
of the block top between ad jacent stud holes of adjacen.
cylinders?

A There are two things. One, the thickness of Lhat
section would suggest that the block top in that area are
approximately the same cooling rate. In addition, you have
a very large casting that you have put into the ground to

make the cylinder block and as a result the whole casting
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I WRBpp {tself is moderating the cooling rate. So therefore, it’s a
very strong indication that the cooling rates are very
. similar at those two positions.

A (Witness Rau) If I could just add to that, too,
Mr. Dymner, I think the comparison of the microstructure in
the original 103 block, which I know we’re not talking
about now, but we have compared the microstructure at thlis

location at the edge above the exhaust manifold == I mean,

O @ N O v e N

the edge of the block top above the exhaust manifold
10 support = with the micrestructure at the locations of the
J1 ligament cracks and stud-to-stud cracks, and confirmed the
12 microstructure to be == in the original 103 == comparable
Is amounts of the degenerate Widmanstatten In all other ways
. 14 comparable microstructures.
15 So that’s additional substantiative evidence that
16 the coolant rates were comparable in that location as well

17 as the location anywhere in the block top.

18 JUDGE BRENNERt* Mr. Dynner, excuse me. [ may
19 have missecd something on one of the dimensions discussed
20 about three or four questions ago.
21 What’s the thickness of the block top between
22 adjacent stud holes or stud bosses?
23 WITNESS WELLS: The thickness is nominally

' 24 two-and-half inches, your Honor., Tne particular location

25 that Dr. Wachob has described is actually thicker than the
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nomiral block top. We have a sketch here that will indicate
that. There is z reinforcement that runs along the rim, if
you will, of the bloc« top. The actual section is
considerably thicker than either the sidewall or tne

block top.

While there was an implication that this was a
flange it is, of course, an integral part of the block top.

JUDGE BRENNERt All right. But the stud bosses
which, of course, are thicker than the nominal thickness of
the block top are, in fact, separated. That is what you’re
telling me about the geometry?

WITNESS WACHOB: The hoss areas are not separated
from the block top at that nosition, it’s one continuous
piece which is several inches thicker than the block top
itseif.

JUDGE BRENNER: I“m sorry. [ wasn’/t precise in
my question. What you‘re telling me is that there is a

separation between stud bosses = between ad jacent stud

bosses?
WITNESS WACHOB:t There is a web wnich separates

the cylinder cavities that runs between the stud bosses.
JUDGE BRENNERt Thank you. And that’s the area
that Dr. Wells just described?
WITNESS RAU: Yes.

The stud bosses, those run together.
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JUDGE BRENNERt [t’s clear to me now. That’s why
I asked the question. It was not clear to me before,
NITNESS RAU* Yes, sir, that’s correct.
JUDGE BRENNERt: I’m sorry, Mr. Dynner, go ahead.
BY MR. DYNNER?

Q Dr. Wachob or Dr. Rau, do different parts of the
block, when it is cast, cool at different rates?

A (Witness WNachob) In very thin sections versus
very thick sections there may be differences In the cooling
rate. However, again, we’re talking about a casting that |s
extremely large. Ana as a result of that, {t’s controlling
the cooling rate of the whole casting. It isn’t going to be
Just the local geometry that is cooling -~ that |s

controlling the cooling rate.

Q When you say very thin sections —-
A (Witness Rau) Let me Jjust add to that.
Q No. I’m going to followup on what his answer

was, Dr. Rau, and I’m going to control this qu-~stioning, not
you.
Now, can you tell me, Dr. Wachob, what ycu meant
by "very thin?*
A (Nitness Rau) Excuse me, did you direct that to
Dr. Nachob? | misunderstood {f you did,
Q I[’m followina up on Dr, Wachob’s answer and |

would appreciate [t if you wouldn’t give your comments until
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I’m finished following up.

A (Witness Rau) If it is not appropriate, your
Honor, 1 von’t. Whichever vou like.
JUDGE BRENNER: I don’t want to inter ject,
because Dr. Wachob will forget the question but as soon as

he answers 1711 have something to say.

WITNESS WACHOB: Very thin, in my estimation, is
like a quarter=inch or a half-inch type of thickness. When
we get to thicker regions than that, the cooling rate
becomes closer to that of the block top and the thicker you
get the slower you would like. But it is only imperceptibly
slower fram the point of view that again you have the block
cast in the ground and it’s containing a lot of the heat and
you’re dealing with a lot of metal. And therefore, the
cooling rates will be very similiar. So I’m talking about
extremely thin sections versus when we’re talking about
inch, two-inch, three-inch sections.

Q Thenk you.

JUDGE BRENNER: All right.

When a questioner wants to followup {mmediately.
he’s entitled to do that provided he doesn’t proceed tno
long in time and the number of questions. And then {f
another witness had an explanation to a previous answer
we’ 1l back up and allow it. And if you still have an

explanation or an amplification of the answer to the
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previous question, you can give it now {f you want to,.

WITNESS RAUt I think Dr. Wachob finally said it
in the last clause. [ wanted to make sure that people
understood that it’s not just that the casting is big. It’s
an integral comnected casting. It’s in a big mold, it’s
buried in the ground and {t’s like a big heat sink and it’s
very difficult to get substantial differences In the cooling
rate unless, as Dr. Wachob has Indicated, you have a very
thin section and then locally you might get a little bit more
rapld cooling. But in general, they’re going to be very
similar.

BY MR. DYNNER?$

Q Either of you, does Widmanstatten graphite relate
to the cooling rate of the casting? That is, the presence of
Widmanstatten graphite.

A (Witness Wachob) Heavy sectlion castings which
have slow cooling rates are more susceptible to
Nidmanstatten formation, vyes.

Q So is it your testimony that the entire block
casting, given it’s cooling rate, which you say, as I
understand your testimony, Is relatively uniform, would In
its entirety be susceptible toc Widmanstatten c¢raphite
presence?

A Yes. The block would be susceptible In Its

entirety and our examinations of various areas around the
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SIOuk do support and substantiate that quite well.

Q It*s true, isn’t it, that when you sectioned the
portions of the original EDG 103 block, that you found
varying amounts of Widmanstatten graphite in varying

samples, although you have stated that in each case it was

excessive?

A (Nitness Rau) Are you referring to a particular
part of our testimony, Mr. Dynner?

Q No.

B 1 think the answer is yes. In the various places
we looked in the block we saw from point to point variations
in the concentration of the degenerate Nidmanstatten
graphite, but in all places in which we looked we found
excessive amounts of degenerate Widmanstatten graphite in

the original 103 casting.

Q If a crack initiated in an area where there was a
higher concentration of Widmanstatten graphite than in
another area, would that crack tend to propagate on a faster
rate?

A (WNitness Wachob) The degenerate graphite
microstructure that is there, if it is worse, will tend to
allow the propagation of cracks at a much higher rate.

A (Witness Rau) Mr. Dynner, I would like to add
that is definitely true. You have to just be careful again

that that could initiate in a region of higher amounts of

e
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degenerate Widmanstatten graphite for the propagation. To
answer your question, that Widmanstatten graphite would have
to be continuously as bad as it propagated. So clearly
where the crack goes is also Important as well as what the
structure was where it started.

Q So for exampie, Dr. Rau, {f the creack initiated
in an area —— well, for my sake, simplicity’s sake, let’s
put a number on {t. Let’s say where the Widmanstatten
graphite presence was 5 and If it Initlated In that area and
then propagated in that area where the WYidmanstatten
graphite was 5 and then it hit an are: where the
Widmanstatten graphite presence was 10, the area where it
hit the 10 it would propagate at - faster rate than it had
previously, is that what you mea .t?

A I can’t answer that the way you’ve asked it. But
let me indicate that i{f ever: thing == If nothing else
changed, if the stresses we'e the same and the crack slizes
were the same, if everythl g else were the same then surely
if there were increasing amounts of degenerate Widmanstatten
graphite, qualitatively you’d expant it to grow faster.

Of course, It would depend,.. Generally speaking,
that’s true.

Q Is there an accepted way for quantifying the
amount of Widmanstatten graphite in any particular area?

A (Witness Wachob) There are no set procedures to
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quantify the amount of Widmanstatten graphite. It i{s just a

—

WRBpp
metallographic procedure whereby you polish the specimen and

examine it.

Q So am ] correct that the determination when you
used the word before "an excessive amount”, tnat that would
depend upon the visual judgment of the observer as to
whether it was more excessive or less excessive?

A (Witness Rau) The answer is generally, yes. I

mean, it certainly is dependent upon the visual observer

O ©V B N O UL A WoN

without a specific procedure to define an accept/reject.

But the differences we’re talking about here are very, very

_—
L5

obvious to a skiiled metallograpt °r.

—
N

Q Would you take a look for a minute at Exhibit 3

w

)

36, which is entitled, “Microstructure of DG 101," and also

15 Exhibit B 37 entitled "Microstructure of DG 1022"

16 Now, first of all, with respect to Exhinhit B 36
17 am I correct that these are photomicrographs of samples

18 taken from EDG 1017

19 A (Witness Wachob) That’s true, sir.

20 Q Would you identify the specific sample, that is
21 to say, the original of the sample from which these

22 photomicrographs were taken?

23 A I cannot tell you specifically which corner piece

n
>

off of cylinder 4 or cylinder 5 this comes from. These are

fair representations of the general microstructure obhserved

&
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in both of those specimens.
Q Were there additional photographs,
photomicrographs taken, besides the cthree which are shown on
this page of samples from EDG 1017

A Yes, there were photographs taken for other areas

and other specimens,

Q Do you know how many of those photographs were
taken?
D I would say 20. [ can’t give you the specific

number of photographs that were taken,
Q Do all of them have the same appearance as the —
for the various magnification levels as the three

photographs shown on B 367

A Except for various light variations they are all
identical.
Q So it’s your testimony that there are none which

would show a greater amount of Widmanstatten graphites is
that true?

B None of these photographs In 101 show
Aldmanstatten graphite. They show a normal gray cast {ron
microstructure.

Q Well would you, Dr. WNachob, look at Exhibit B 33
and in comparison with Exhibit B 36 Exhibit B 33 {s
labeled, "Widmanstatten microstructure {n DG 103." And It

contains, to my eye at least, a number of dark blotches, I
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would call them, and | also see a few dark blotches on

Exhibit B 36.
Could you identify for us which of those dark

hlotches are Widmanstatten graphite or thick lines, if you

will, and which are not?

1 don’t want to make you do ti.at for each and
every one because | know that we’re going to end hefore the
year is out. But just one or two samples so we can get an
idea of the distinctions?

A Taking the highest magnification, one which is
the one to the far right, as an example, the large clusters
or balls or thistles which occur at the tips or the eonds of
the long lenticular gray graphite flakes are the regions of
extensive Widmanstatten graphite formation. You will see
that only in the 103 original material. You do not see
those balls and clusters associated at all with any of the

normal eutectic graphite flakes in the 10l material.
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pardon me. That’s exhibit = comparing numbers

33 and 36 in the exhibits.

Q Yes.

Could you take a look for a minute at the middle
photograpgh which is labeled 0.1, and | guess that is
millimeters.

A That’s correct.

Q Now about one-third of the way up on the
right-hand side in the photograph for DG=101 there {s what
looks like a circular black blotech, and [ don’t know whether
this is a photograph of— Well, when I look at that and
then | compare that with the middle photograph of Exhinbit
B-33, 1 see similar types of black hlotches.

How do you know that the black Slotch on the

photomicrograph of DG=101 s not Widmanstatten graphite In

that picture?
B | have examined areas similar to that, arnyd what

you are really trying to compare here on DG=101 in Exhibit

36 is a eutectic graphite flake which is almost in the plane
of the polish and therefore, you’re looking at it hasically
as a planar cornflake type thing. You are looking at it in

the plane.
[he rest of these graphite flakes that you see

here, you are really looking at the edge=on pro lection of

that graphite flake. So that in the 101 material where you
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see this bSlack blotch, that is just the normal eutectic
graphite flake.

1f you also make the comparison of looking at the
black blotches then in the center phutograph of DG-103 in
Exhibit 33, you will aiso see the spikes, the needle~like
features that surround those dark rejions which, in close
examination of that region in 101, does not exist.

A {(Nitness Rau) Can | add something to that?

It is also a well=known fact, Mr. Dynner, that In
polishing gray cast fron it is difficult to maintain the
graphite in the plane of the polish, even {f you are very
careful with the graphite because this {s 50 weak it tends
to pull out as part of the polishing process.

And sometimes when you prepare one of these
pictures you actually get a flake, as Dr. Wachob has
indicated, which is almost in the plane at the top, and It
just gets pulled out by the polishing process. It falls ou,
and leaves a very shallow hole on the top of your plane of
polish which then doesn’t reflect light the same way and it
comes out dark in the plcture.

But when vnu go to the higher magnifications,
that is, the right=most plcture in both of those Exhibits 33
and 36, it 1s quite clear that there is a distinction

between a hole or a parallel flake and a Widmanstatten

graphite region.
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A (Nitness Wachob) If I could add one more thing
to that, if you go to Exhibit 34, where we are really
comparing that optical photograph with the scanning electron
micragraph, you get much more depth of field and you don’t
lose this reflectivity in the areas where the thistles are.

You can see that there is detailed microstructure
associated with the corresponding area in the left=hand
photo and the right-hand photo because these are i{dentical
areas. And you can see the needle-like projections around
what appear to be the black regions on the left. And you
look at the right and you can see the fine detailed
needle-like projections that are on the outside and then
propagate to the inslide.

So it is very conclusive evidence that this 1s
really a microstructure we’re looking at that is consistent
with this Widmanstatten.

Q . l1ake a look for a minute, would you, at Exhibit
B=37, which is the microstructure of DG=-1027

Were there other photomicrograms taken of the

samples from DG~1022

A Yes. Again there were numerous photographs taken
of DG~102.
Q And are the three shown in the various

magnification levels also similar to the other photographs

in appearance?
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A They are representative of the other areas, yes.

Q And i{s it aizo your testimony that none of the
samples taken from EDG-102 showed any presence of any
Widmanstatten graphite &t all?

A We found no evidence of any extensive
Widmanstatten graphite, no.

Q DiY #ru find any evidence of Wicmanstatten
graphite at 2l1?

A There are very local regions that have minor
charscteristics similar to it, but I can’t — from all the
looking I“ve done, been able to say quantitatively yes, that
was a littls area.

You see the photographs here and they are as
ranresentative as you can get, and you Jon’t see those
features on that photograph.

Q Where were the areas locat«o that contained some
Widmanstatten yraphite, Dr. Wachob? Where were those areas
taken from on the 102 block?

* A7ain they were taken out of tra corner pieces

off of the 4/5 cylinder exhaust manifold positions off the

block top.

Q Let me go back to—

A (Witness Rau) Can | add something? Are you done
withec e

Q 0f cosrse. Go ahead.
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A I think it is important to point out that I
looked extensively at all these areas, too, and we
couldn’==— You cannot confirm that it is in fact degenerate
Widmanstatten graphite in 102 at all. But what Dr. Wachob
said was there were certain regions which have some of the
characteristics.of {t.

But the most important thing is that these are
very isolated locations which even have those
characteristics. They represent such a small fraction of
the cell wall of the eutectic graphite in that location, and
a negligible fraction of the cell walls in the structure
that, even if they were, they would have no significant
impact on the mechanical properties.

Q Do you mean to say that in that particular spot
on the block, or do you mean to say even if you had=—— Well,
is that what you’re saying, at that particzular spot on the
block?

I3 Yes, even at that particulsr spot, the fraction

of the particular eutectic cell In the graphite which is the

strength part of the graphite represents a little cellular

network, like a honeycomb in the eutectic system. And even
in those areas where you see any indication of things that
might be construed as Widmanstatten microstructure, they
might represent less than 5 percent of even a single cell,

and it can have no significant impact on the mechanical
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properties of even that cell, let alone the entire

macroscopic piece of gray iron.

Q Why didn’t you disclose the facts about 102 that
we have Jjust been discussing in your testimony?

A What facts do you mean?

Q The facts of the presence of a microstructure
that in some ways has the appearance of Widmanstatten
graphite in EDG-1027

MR. FARLEY: Objection, your Honor. I don’t
think he said that.
JUDGE BRENNER: I will allow the witness to

answer. -

WITNESS RAU: Ac I’ve indicated to you.

Mr. Dynner, in my opinion and that of Dr. Wachob, too, I

believe, it is insignificant, irrelevant.
BY MR. DYNNER:

Q Going back for a moment now to the samples from
EDG-103, you have examined, I think you testified, a number
of portions of the block of the original 103 EDG block, and
you said you found varying amounts in various places of the

Widmanstatten graphite.

How many photomicrographs dic you take of the
samples of EDG-1037?
A (WNitness Wachob) Again that is very di fficult to

quantify. We took over a hundred photographs of different
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areas. I can’t give you the specific exact number of

1 MWRBeb
photogaphs, though.
' Q If you were trying to quantify the amount of
Widmanstatten graphite in various parts of the 103 block for
comparative purposes, how would you express the different
quantities?

A Again in all the areas that we examined, I can’t

put a number on it. They look exactly the same or

withinee.. 1 don’t know, I can’t even put a percentage on

C © O N O U a2 WwWoN

it, so I can’t quantify them.

The only place that we have seen, if you would

like, enough of a reduction in Widmanstatten graphite to see

—
N

a perceptible change is in the web section which runs ==

—_—
w

which separates the cylinders, but again that is only a

H

15 small change. In every instance there that we looked a* it,
16 you see the extensive thistles at the end of the flakes and
17 the needle-like formation all over, so I can’t give you a

18 quantifiable....

19 Q You testify on page 38 in Answer 53 that no

20 literature results of the effects of Widmanstatten graphite
21 on either the fatigue endurance limit or the fatigue crack
22 growth rate were found.

23 Doesn’t this mean that one cannnot quantify the

N
H

effects of Widmanstatten graphite on +he fatigue endurance

25 1imit or the fatigue crack growth rate?
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A The literature references to Widmanstatten

graphite have been associated with loss of ultimate strength

which can be as high as 75 percent, and in those structures

fatigue was not an important factor. When we have taken the
103 original block material and done the fatigue testing we
have been able to correlate substantially the effect of
Widmanstatten graphite on the reduction in the fatigue
endurance limit, on the fatigue properties as well as the
tensile strength and the fatigue crack growth rate.

So just because it is not in the literature
doesn’t mean that it has been unquantifiable.

Q Well, in fact there is a reference that you gave
on page 4-5 of the Block Report to support the statement
that the presence of a degenerate graphite microstructure
has been shown to reduce the strength of cast iron
significantly. And that reference, if we look at it, is to
c. E. Bates and J. F. Wallace, entitled "Trace Elements iIn
Gray Iron,* and also to C. E. Bates’” Ph. D. thesis. Those
references are on page 4-8.

J. F. Wallace is Professor Wallace who is the
consultant to Delaval. Isn’t that right?

A Those are the references that we did use in the
draft report, and we have looked at a substantial number

sinze that time.

In addition, Professor Wallace is also a
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consultant to IDI.

Q And Mr. Bates in fact was working under
Professor Wallace when he did his Ph. D. thesis for the
second of those references. Isn’t that right?

A I do not know that, no.

Q And in fact in his testimony, which since has
been withdrawn because Professor Wallace was withdrawn from
this witness panel, Professor Wallace did not conclude that
the Widmanstatten graphite which occurred in the EDG-103
block in any way caused the extensive cracking in that
block, did he?

MR. FARLEY: Objection.

JUDGE BRENNER: Do you want to give me a hint?

MR. FARLEY: The same as yesterday, your Honor.
1 object to any reference to testimony that has been
withdrawn.

JUDGE BRENNER: Well, I am going to sustain the
objection to that question, but not for the reason. He can
use anything he wants to cross-examine from to test the
expert opinion and the bases therefor of these witnesses,
including documents prepared by somebody whom they also have
chosen to reference for andther purpose. But that question
was just too general to be helpful.

Zero in on something particular if you want to

put something to the witnesses, Mr. Dynner.
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BY MR. DYNNER?
Q Did you discuss with Professor Wallace your
theories about the effects of the WNidmanstatten graphite in
the EDG-103 block?

Anyone?

A (Nitness Rau) We did discuss both our theories
and also our mechanical test results on the actual specimens

cut from the original 103 block which he the degenerate

Nidmanstatten graphite, yes.
Q And Professor Wallace did not agree with your

conclusions that the Widmanstatten graphite you found in the
EDG-103 block was the cause of extensive cracking in that

block, did he?
A 1 don’t think that’s true at all, ¥r. Dynner. We

discussed this e tensively with Professor Wallace. He

concurred that it was in fact degenerate Widmanstatten
graphite. He concurred with us that degenerate
Widmanstatten graphite would in fact clobber the ultimate
tensile strength. He concurred that it would in fact
clobber the fatigue resistance. He concurred that it would
in fact clobber the fatigue crack growth resistance.

And in all respects he agreed that the presence
of degenerate Widmanstatten graphite would result in

markedly inferior fatigue and fracture properties of the

gray cast {iron.
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Q Did you say *clobber®?
A Clobber, reduce dramatically, make less

resistant, destroys whatever you would like to call it.
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JUDGE BRENNER: Mr. Dynner, I would like to make
a comment. . don’t know where you’re planning to 3o in the
rest of your cross examination but the County has prefiled
testimony that presumably as far as we know today it still
plans to present. And in guite a bit of that testimony the
County witnesses disagree not just with conclusions but with
bases for conclusions presented by LILCO’s witnesses. And
there is a clash between the experts as to how they
interpret certain underlying facts and bases as | read the
prepared testimony.

I“m going to put some of those to these witnesses
at some point.

WR. DYNNER: Well, I’m not sure I know what
you’re referring to. You have my Cross plan.

JUDGE BRENNERt Your cross plan was prepared
before some of the County’s testimony was prepared.

Well, 1 made my comment. You can evaluate it.

BY MR. DYNNER:

Q Dr. Wachob, did you observe the Widmanstatten
graphite in only the samples removed from the EDG 103 block
or did you — were you also able to observe by polishing and
examination of the block itself in its entirety? That is,
could you polish portions of the block without removing
those as samples and, by examination, determine whether or

not those porticns which are on the block as it exists
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contain excessive amounts of Widmanstatten graphite?
A (Nitness Wachob) The region of the block which
we etched, | mean polished, etched and replicated again,

shows extensive WNidmanstatten graphite.

Q Well, that was a region that was not renoved from
the block?

A That is a region that was not removed from the
block.

Q And where was it located?

A Again, it was at the block top at the number |

cylinder position.

Q And was that the area where the large crack
initiated from cylinder number | and then ran down the front

of the engine?

A That was in the general area where the crack ran
down edge, yes.

Q Did you polish or otherwise ex=uine the
particular crack running from cylinder number 17

A Could you repeat the question again, I’m sorry.

Q Did you examine the crack itself in order to
determine whether or not it contained excessive amounts of
Widmanstatten graphite?

* Which crack are you referring to?

Q The crack on EDG 103 which ran from cylinder

number | about four-and=-half inches down the face of the
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cylinder block?

A And beyond the metallographic preparation that

was done for the original replication no other

metallographic polishing was done in that area.

Q Is your answer no?

A (Witness Rau) Well there are two parts,

Mr. Dynner. We did look at that crack in the original 103
block after it was removed from service visually. But there
was no metallographic, no polishing or cutting in that
particular location.

Q So you didn’t examine it for the presence of
Widmanstatten graphites is that your answer?

A | don’t mean examine it. We examined the
microstructure -- you don’t examine a crack, but the
vicinity of — we didn’t get where the crack is. We were in
the vicinity of it on the block top. We have no replicas
which are right on top of the crack.

Q How far from the crack was the area that you did
examine for the presence of Widmanstatten graphite?

A (Nitness Wachob) I don’t remember.

Q On page 38 in answer 54, you refer to
measurements of fatigue properties from the replacement EDG
103 block. Was the smooth bar that you’re referring to

there from the replacement block the test har that was cast

along with the block itself?
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| WRBpp | A The test specimens were removed from 2 three=inch
2 diameter bar which had been cast somewhere in the original
. 3 103 casting — [ mean the replacement 103 casting.

4 Q It*s true, isn’t it, that the replacement block

5 material is not class 40 gray cast iron but class 45 gray

6 cast iront isn’t that right?

7 A The specification originally was for a class 45

8 material. However, the B bar testing of that material would
9 classify it as a 50 B material, a grade 50 — class 50 —
10 pardon me.

1 Q Does a class 50 gray cast iron have a higher ==
12 have higher or better fatigue properties than a class 4C

13 gray cast iron?

. 14 A Normally, yes.

15 Q Then would it have a higher UIS?

16 A The designation 50 and 45 refers to the tensilé
17 strength in Ksi. So, a 50 Ksi ultimate strength would be

18 anticiated.

19 A (Witness Rau) Let me just add to that,

20 Mr. Dynner. Generally, nominally that’s a true statement.
21 You could have a nominal class 40 gray iron which happens to

22 have 5500 pounds per square inch tensile strength. And you
23 could have nominal class 50 which happens to have 5100

‘ 24 pounds per square inch tensile strength so that there could

be exceptions. But on average the minimum properties are

&

oy
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‘Righer, the properties are likely to be higher and,

therefore the fatigue strength will be higher.

Q " And in fact in the case of the cast iron in
the EDG’s 101 and 102 blocks, there UTS was about 42 or
4300% isn’t that right?

A (Witness Wachob) That’s not correct,
¥r. Dynner. The UTS strengths for the 101 and the 102
blocks were in the range of 45 and 47 Ksi.

Q0 What was the actual UTS of the material in the
replacement block?

A (Witness Rau) The B bar reported ultimate
tensile strength for the replacement 103 block was 54 Ksi,
5400 pounds per square inch.

JUDGE BRENNER: As long as there’s a pause here,
i{s that the appropriate — is it the appropriate practice to
form a professional opinion as the UTS of the block based on
the UTS of the B bar?

I[4m following up on the way you gave your
previous answer.

 WITNESS RAU:t Yes, your Honor. To the extent

that the microstructure is normal there is a correlation as
we discussed yesterday which is shown in one of our
exhibits. 1711 get the number fcr you in 8 12.

JUDGE BRENNERs You’re talking about the

di fferent thickness correlation?
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WITNESS RAU: Yes, there’s an engineering
correlation which rates the ultimate tensile strength in
various thicknesses if you know what the measured tensile
strength is in the B bar which is a 1.2 inch diameter cast
bar. So it is appropriate to form professional opinions
based on the B bar presuming you also know the thickness
which is relevant to the areas of concern.

JUDGE BRENNEZR: Now, how do you know the
microstructure is the same for the replacement 103 block and

103 B bar?
WITNESS RAU:t We’ve examined them, your Honor.

As you recall, we‘ve examined the three-inch diameter bar —
I“m sorry, we didn’t examine the B bar but we have in fact
examined the three-inch bar which was cast at the same time
and compared that microstructure with the microstructure in
the corner cut off from between cylinders 4 and 5 and the
replacement 103 block and have shown them to be typical.
JUDGE BRENNER: I don/t want to interrupt you
any longer, Mr. Dynner, but I think I may have some
remaining questions about this B bar process. So, go ahead.
BY MR. DYNNER:
Q And, in fact, the UTS of the actual block
material varies even in adjacent regions and certainly
varies, sometimes significantly, depending upon the part of

the block that you’re taking the UTS reading froms isn’t
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that true?

A (Nitness Rau) Generally speaking, Mr. Dynner, it
i{s true that you will get variations in the tensile strength
you measure in any material if you measure it over - or
select samples from different locations. That’s true in
regular steels. It’s certainly true in cast irons which, in
general, have slightly more variability than a steel would
have.

Q Those kinds of variations, in fact, are shown
for — as an example, on Exhibit B 40, aren’t they?

A Yes, sir, that’s correct.

Again, there is no result summarized on B 44
— typical class 40 block material. I just wanted to
indicate — I think I said it — but, it’s clear you would
expect some scatter in the tensile strength, some
variability, even in conventional typical gray iron as well
as in the original 103 block with the degenerate
microstructure.

Q Well, I’“m a little curious. If you’1ll look at
Exhibit B 40 for a moment. You testified that the UTS of
the replarement 103 block was 54 Ksi. The numbers shown on
Exhibit 40 for the new EDG 103 block material are 39.9 and
46 Ksi.

Could you explain why there are those

differences?
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A (Nitness Wachob) The differences, Mr. Dynner,
are due to the fact you are comparing different test
results. The 54 Ksi that was quoted earlier is from the B
bar test that was performed by TDI at the time of
certification of the casting. The tests that are referred
to on the bottom of Exhibit 40, where the 39.9 and tne 46
are reported, are for tensile tests that Failure Analysis
performed out of specimens cut from a three-inch diameter
plug, or slug or casting diameter block, that was

subsequently tested.
A (Nitness Rau) Let me just add again if it’s not

obvious that the B bar is a 1.2 inch diameter bar and the
samples which — that’s the one with the 54 Ksi tensile
strength — whereas the 39.9 and the 46 which we measured
were from a three-inch diameter casting.

Q You have on Exhibit B 40, shown the tensile
strength of different specimens from the block top of the
original EDG 103 block. Do you have similar UTS figures
from tests made on specimens from the block tops of EDG’s
101 or 1027

A (Witness Wachob) We did not perform a mechanical
tensile strength on material from 101 and 102. The main
reason being is that you could not obtain sufficient
material from the block top without compromising the

integrity of the engine and trashing the 3:ntire block as the
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result of taking those test bars. However, we have used the
following engineering analysis and that ist One, we have
evaluated the microstructure in 103 and shown that it was
bad. And that corresponded to, in addition, the had tensile
strength properties that were measured. So we have a

correlation between bad microstructure and bad mechanical

behavior.

Secondly, we have microstructure from 101 and 102
which show nominal gray cast iron class 40 microstructures.

Third, we have the B bar results that were with
the certification of the 101 and 102 blocks. Those are of
class 45 at least and, therefore, we could draw the
conclusion from Exhibit B 12 that we are going to have at
least as minimum a 24 Ksi ultimate tensile strength and
that’s a conservative estimate. The tensile strength, since
it was at a higher classification material, would be higher

than the 25 that we are quoting.
A (Nitness Rau) Let me add to that that we have

also. done some exemplar testing on typical class 40 gray
iron and confirmed the microstructure relationship to the
ultimate tensile strength measurements once the material cut
from a different TDI casting which had conventional class 40
gray iron.

Q But don’t you agree that specific materials

testing is required to quantify any degradation in fatigue
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or fracture properties of the thick section block castings
in 101 and 1027

A No.

Te] That’s the statement that you made on page 4=5 of
the block report. What happened to change your mind?

A What’s your reference, Mr. Dynner?

Q Take a look at page 4-5 of the block report, the
first complete paragraph. It says, "Specific materials
testing is required to quanitify any degradation in fatigue
or fracture properties of the thick section block casting.”

A Mr. Dynner, we were referring to the original 103
block which our replicas and our metallography had indicated
had degenerate microstructure and that data refers to
quantifying how badly that original block’s properties were
compromised and degrated by the presence of the dejenerate
Widmanstatten graphite microstructure.

Q Put if you don’t take the actual test properties
of the blocks for EDG 101 and 102, what you’re basically
doing is assuming that they are comprised of normal usual
class 40 gray cast iron, aren’t you?

A Definitely not, Mr. Dynner. We are relying upon
our explicit observations that the microstructure is typical
of class 40 gray iron. We“re relying upon the measurements
of the B bar strength which confirm'that it is in fact or

was in fact — is in fact class 40 gray cast iron. There
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are no assumptions at all.

Q Just to clarify so that I can understand, the B8
bars.you’re talking about for EDG’s 101 and 102 in fact were
cast entirely separately from the blocks themselves, weren’t
they?

A They’re not cut from the block. I think I
indicated tihat yesterday. They are, in fact, cast at the
same time. Typically they are gated off ‘the same pour.

They adhere to the mold, and as you pour the liquid metal it
runs off into the separate bar which is, perhaps, separate
from the big block that the metal runs into.

Q So your answer is, yes, they are cast separately?

B 1 can’t answer that precisely because I don’t
know whether you consider that separately or not. It’s the
same metal poﬁr but it goes into different places in the
same mold.

Q You don’t remember your prior testimony that it
was cast separately and therefore would not necessarily be
representative of the entire block material because it would
be cooled at a different rate, et cetera?

A I think you’re misunderstanding what I said.

It’s one and the same thing. What I sald was that hecause
it is not attached, i* is not an integral part of the block
top, it is not going to necessarily experience the same

cooling rate as the block top and, in fact, it apparently
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strength but cast in the B bar diameter.
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JUDGE BRENNERS - We’re going to take a break at
this time. WeZll return at 10:50.

(Recess)

JUDGE BRENNER: We are back on the record.

You may continue, Mr. Dynner.

BY MR. DYNNER:
Q It’s true, isn’t it, Dr. Rau, that the UTS of

particular portions of the top, the block top, can vary by

as much as 30 or 33 percenti isn’t that right?
* (Nitness Rau) Which block top are you talking

1 about? The original 1037

12 Q Any block top.

13 A I would be surprised if a normal gray cast iron
‘ 14 ultimate tensile strength varied by that much. I think the

15 degenerate Widmanstatten microstructure by its very nature

16 would introduce additional variability. I think that is

17 probably representative of what you might expect in the old

18 103 block.

19 Q How much would you expect the UTS in various

20 portions of the block tops of EDGs 10l and 102 to vary?

21 --by a percentage, if you can?

22 A Mr. Dynner, it’s not possible to give you 2

23 precise number. [ wouldn’t be surprised by— Certainly I
. 24 wouldn’t be surprised by plus or minus 5 percent. I think

25 plus or minus 10 percent is probably expected. [ don’t
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think you’d see much more than that in the block top region.
JUDGE BRENNERs Mr. Dy er, would you excuse me a

moment. | left your cross plan next door. [#1! be right

back.
VR. DYNNER:: 1711 wait for you.
(Brief recess.)
JUDGE BRENNER: I“m sorry for the interruption.
Go ahead.
BY MR. DYNNER3
Q In fact, there are a number of other factors that

would determine the particular UTS of particular portions of
the block top aside from the presence or absence of
Widmanstatten graphites isn’t that right?

A (Witness Rau) Yes.

Q And those additional factors that would determine
variations in the UTS of the material would be present in
the blocks for 101 and 102 EDGs, wouldn’t they?

“ Certainly some of them would be, yes.

Q Do you know what some of those factors which would
cause such variations would be?

A Yes.

Q What?
B Without attempting to be exhaustive, certainly the

specific cell size of the — the eutectic cell size of the

graphite microstructure is an important factor, and to the
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extent that varies slightly from one position to another
that would. affect the ultimate tensile strength.

Certainly, the precise test procedures and
specimen fabrication and surface finish when you make the
samples.can't be reproduced 100 percent, and the slight
variations in that will, you know, have minor effects on the
measured tensile strength.

To some extent the graphite morpholegy, that is,
the precise shape and form of the graphite flakes within the
eutectic microstructure will have an effect on the tensile
strength, although not nearly so large as the eutectic cell
size.

And, again, these are in typical material.

Again, to the extent we have degenerate
Widmanstatten structure which is degrading markedly the
strength of the cell walls, we have that additional factor
which will cause variability.

Q 1s there anything in the literature that
quantifies the effect of Widmanstatten graphite on cast iron
Grade 4072

A I don’t think the question is completely clear,
but let me just give you a short description. I think I

know what you are getting at.

There is muc ~ence in the literature for the

impact of degenerate ¥ .atten graphite on the ultimate
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2 AGBwrbd tensile strengtn of gray cast iron. I don’t remember the
exact number, but I“ve certainly looked at a half-dozen or a
. dozen paper references in the technical literature which
describe the presence and the causes of degenerate
Widmanstatten graphite microstructure and measure the
consequences of that on the strength of that material.
As we said earlier, however, most people have

measured only the effects on strength and have not made

V O N > LA LN

explicit measurements on the fatigue resistance or the

fatigue crack propagation resistance. But the inference in

o

the 1literature, confirmed by our testing, is that there is a

relationship between, and if the ultimate tensile strength

N

{s decreased by the degenerate Widmanstatten microstructure

—
w

then the fatigue resistance is decreased and the crack

—
>

15 propagation rates are accelerated, compared to a typical

16 microstructure.

17 Q My question was, Is there anything in the

18 literature that quantifies that relationship, that tells

19 you, for example, given 7xs amount of Widmanstatten graphite

20 in a particular sample, one would expectl “y” amount of a

21 reduction in UTS, for example?

22 MR. FARLEY: Objection. Asked and answered.

23 JUDGE BRENNERs I“m not convinced that it has been
‘ 24 answered. 1711 allow the gquestion again.

25 WITNESS RAUs Perhaps Dr. Wachob will want to aid
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to this, but my recollection of those references [ reviewed

{ndicated—— Again, they made specific measurements of the

tensile strength, and they have shown pictures of the

degenerate Widmanstatten graphite.

They made no formula that I can recall which says

some characteristic of the measurement of the Widmanstatten

graphite is related to a number to the reduction in the

tensile strength. But there are extensive correlations

showing decreases up to 75 percent of the original or down

to 25 percent of the original ultimate tensile strength,
maybe a little bit lower.

MR. DYNNERt Judge Brenner, I“m moving on to
page 30 of the cross plan.

JUDGE BRENNER: Page 30.

MR. DYNNER: Yes, sir.

JUDGE BRENNER: You’re moving back to page 30,

on to page 30.

not
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Counsel knows, maybe we should tell the witnesses
that those pages, of course, refer to an entire cross plan
on subjects other tgan blocks sc as we discuss pages with
di fferent numbers they shouldn’t have the fear that those
numbers refer only to questions on blocks.

Go ahead, Mr. Dynner.

8Y MR, DYNNER?

Q Gentlemen, I have some questions I’m going to
ask you about your cumulative damage analysis.

Dr. Rau, I want a better understanding in
layman’s terms exactly what your cumulative damage analysis
Involved.

Now as | understand {t FaAA used as sort of a
baseline, the known cracking and lcading experience on EDG

103 between March .11, 1984 and April 14, 1984, i{s that

correct?
A (Witness Rau) Yes, sir.
Q Now, in order to determine the information you

needed for that == if I may call it a baseline, [ know you
call it something else in the scientific jargon - isn’t it
true that what you did was to take the loads times the time
that the engine had run during that period as one element?
Do you understand the question, Dr. Rau?
A That’s not true, Mr. Dynner.

Q All right. Did you, in developing that b»asel ine
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for EDG 103 during the period March Il to April 14, 1984
have to calculate — have to know the amount of time that
the engine had run during that period at various load
levels?

A Yes. I had to utilize the load levels and times
run during that period of testing.

Q And then did you take that information and
calculate on the basis of other information what the stress
that the block would nave seen with those loads and during
that time?

A Nould you repeat that, please?

Q Taking that information on the amount of time
that the engine ran at various loads durling that period, did
you then use that information in order to determine the
stress that the engline block saw during that period?

kS Nell, not exclusively, Mr. Dynmner, Certainly =--

Q [’m going to go on to other things but {s that
one of the things that you did?

A Yes, certalnly the loads were one of the inputs,.

Q ~ Now when you refer to cunulative damage during
that particular period of time, isn’t it true that the
damage =-- actual damage that you were referring to == was
the amount of propagation that occurred hetwaen ¥March 1lth
and April 14th of the stud-~to=-stud crack between cylinders

number 4 and 5 on the exhaust side of the englne bhlock?
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A I can’t answer that as simply yes or no.
Certainly the amount of damage demonstrated by that test
period -~ the cumulative damage demonstrated by the test
period is computéd from the stresses and the amount of crack
extension which occurred at the location between 4 and 5 on
the exhaust side is a measure of the amount of crack
extens ion which occurred at that time during that amount of
demonstraced cumulative damage., Other regions of the block
are also considered and the things that happened or didn‘’t
happen there during the same test period are also computed
in the same way.

Q Isn’t It true that the numbers quoted in the
direct testimony were based on the average depth of the
crack between cylinders 4 and 5 on the exhaust side?

A Yes, sir. They were hased on the average cepth
at that location, the ones quoted. \

Q And it was that single crack which was taken into
considerationt isn’t that true?

A No, sirs that’s not true. That was, as I
indicated, one of the cracks which was considered, Other
locations in the performance that Is the extent of cracking
or non=cracking were also considered,

Q Are you testifying now that as the baseline, the
standard that you are using for comparison of the loop LOCA

service that the 101l and 102 hlocks might see, are you
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cuggesting that that beseline standard which Is the service
of EDG 103 used In its calculation cracks in addition t2 the
single crack -- that is, crack behavior in addition tc the
behavior of the single crack - hetwzen cylinders 4 and 5 on
the exhaust side?

A [’m sorry, Mr. Dynner. | don’t understand what
you’re asking.

Q All right. Do you agree that various locations
in the EDG 103 block all experiance the same operating
history during this peiiod?

A Again, that question doesn’t make any sense,

Mr. Dynner. The engine received a certalin operating history
in various locations in the block top and elsewhere received
-=- responded in the ways in which thgy respond to that
particular operating history.

Q well, I’m quoting you, Dr. Rau, on page 131 of

the deposition of October 11, 1984, where you said, quote —

A One minute, please, Mr. Dynrars let me get that
reference
1312
Q Yes.

You said, "Varlious locations Im the block all
exper ience the same operating history." And then you went
on to say, "That particular location betwe:~ 4 and 5 started

out with a 1.6 inch deep stud-to=-stud crack during the
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beginning of that test period which extended again some
depth we now know to be about 3 inches, but at the time of
the initial calculaticn to about 5.5. That was the maximum
amount of crack extension which occurred from the deepest
initial crack In the original 103 block material.”

You agree with that testimony, don’t you,

Dr. Rau?
A Yes, sirs that’s what [ said.
Q And in fact it was that fact which formed the

basis for the baseline of the cumulative damage analysiss
didn’t 1t?

A Again, that is one of the locations, Mr. Dymner.
I have also examined other locations.

Q I’/m not talking about what you examined and I
know from your deposition that you testified that you could
have applied the same cumulative damage index to other
cracks, but that the one that you are relying upon as the
standard or the baselirme or, if you will, the worst case
is the crack running running from stud-to-stud between
cylinders 4 adn 5 on the exhaust sidet isn’t that right?

A Very definitely, Yr. Dynmner. #hat | said was
that that crack is, in fact, the worst location. Other
locations though were, in fact, considered and the reason

they were not presented as the worst case is because they

were not, They were less severe than that particular
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I AGBpp 1 location.
2 Q All right.
3 : And just so I understand again, and so we’re
4 consistent with your deposition testimony, the basic
5 approach of the cumulative damage analysis is to take the
6 extension of the stud-to-stud crack between cylinders 4 and
7 5 Aas a worst case occurring at the time that EDG 103

experienced certain loads during certain times between darch

v @

Il and April 14, 1984, and using that as the baselinet is
10 that right?
11 A Again, the baseline, I don’t think, is

. 12 representative., Let me explain the concept one more time,

13 The amount of damage done during the test period between

14 March an April “84 due to the varjious times, the various

15 power levels, which the engine was exposed to over that

16 period of time, produced a certain amount of cumulative

17 damage and that amount of damage, if you like, the

13 contribution of load, stress ranjes, steady stresses, and

19 the times at each of those different levels can »e used to

20 analyze di fferent regions.

21 Now, the performance of the original 103 block
. 22 during that test period is the response which that material

23 has demonstrated might result from exposure to that amount

24 of cumulative damage.

25 In other words, everything that transpired
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between before that test period and after, and as
demonstrated by the inspections before and after, is the
response of the material, albeit, the degenerate
Widmanstatten graphite material in a block to that amount of
damage.

So, In that respect, it represents a haseline
which I call the amount of damage demonstrated. The damage
resistance demonstrated by the original block when exposed
to this amount of cumulative damage.

Clearly you can look at different locatisns in
the block — they all experience the same load levels and
times == and you can consider any of the locations. what
[’ve testified to is that the worst location -- hut what I
mean by worst is that location which, when you complete the
analysis not only of the original 103 test period but also
of the requirements should there be an accident, a loop LOCA
accident, the requirements for 101, 102, or the new 103
block, when you complete that comparative analysis with the
cumulative damage analysis, the region between the studs —-
as represented by 4 to 5 exhaust side — turns out to be
that region which is worst case in the sense that the margin
between that amount of damage which has been demonstrated by
the testing and that amount of cuiulative damage which would
he required to be resisted by the !91, 102 or 103 block, 1is

the smallest. The margin is the smallest for that
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particular location.

Other locations, if you make the analogous
calculation show a larger margin between that which would be
requlfed for an accident == a loop LOCA event for 101, 102,
and the new 103 == and that which has been demonstrated by
the performance of the original 103 block.

Q Dr. Rau, let me get you back to answerinj my
question and [711 try to make this a little more clear by
referencing you to answer 71, which begins on page 52 where
you more succinctly, I think, state your conclusions and
basis regarding the cumulative damage analysis.

A Starting where, Mr. Dynner?

Q On the bottom of page 52 and continuing to the
top of page 537
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Now the reason that you had to change or revise
that testimony where you had to change the less than
one~half to about two-cihirds, then you later on 30 on and

say that:

block of EDG 103 which has been shown to
contain inferior material experienced a

maximum crack extension of four inches" == and you have

v @ N 0 v s w N

now revised that to 1-1/2 inches —= "with the

)

deepest stud-to-stud crack extending to

a maximum, instead of total depth of" — you now say

three inches rather than "5-«1/2 inches."

o

13 The reason you had to make those revisions in
14 this testimony is in fact because as your testimony shows
15 you were regarding that experience of the extension of that

"During that period of time the
16 particular crack during the period from March I1th to April
|

17 l4th as the basis for comparing the damage which would —-
18 which was accumulated under that set of operating
1y experiences with the stresses tc which 101 and 102 might be

20 subjected to during a loop LOCA 4during their load profiles.

21 That’s right, isn’t it?

‘ 22 MR. FARLEY: Objection, compound and complex.
23 JUDGE BRENNER® I don’t think it is all that
24 complex, frankly. It is compound, but let’s see what
b o nappens with the answer. The objection is sustainahle,

B R 1 b v it ey
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let me give you that much, Mr. Farley, but [ think it might
be more efficient to see if we can get an answer to it.

Try a short answer, Dr. Rau, because we have
already got your long explan;tion and we haven’t forgotten
it.

WITNESS RAU* Since I don’t remember all of the
compound aspects let me state what I am joing to answer and

then I will give you an answer and see if {t gives

O @ ~ O U & N

ir ., Dynner what he needs.

—
-
-

There is no question, as I just stated, that the
11 most == the region with the smallest mar3in, the worst case,
‘ 12 was In fact this location and the numbers which were quoted
13 in the original testimony and are now part of the final
14 submitted testimony are based uposn the average amount of

15 crack depth experienced during the test period, the original

16 103 block with degenerate microstructure and, in fact, when

17 we broke open == cut up that particular crack and we

13 determined that its extent was really three Inches rather

19 than the indicated depth of 5-1/2 inches. That required

20 revision of the specific numbers in the calculation,

21 The conclusion certainly didn’t change but it
. 22 certainly did result in slight modifications to the

23 numbers. It didn’t change the fact that this location was

24 still the worst case, the one with the least margin, and it

2: in no way affected the conclusions about the enormous amount
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of margin which is between that which was demonstrated by
the testing of the original 103 during this period and the
amount that would be required of 10! and 102 or the
replacement 103 should there be a loop LOCA event,

BY MR. LYNNER?

Q Now it’s true, isn’t it, Dr. Rau, that the amount
of damage that you refer to in your testimony for this
period was calculated b comparing the depth of the crack
from stud-to-stud between Cylinders 4 and 5 on the exhaust
side before the testing and after the testing was completed
on April 14th?

A (Witness Rau) Could you restate that question?
I don’t think it is correct the way you stated it but I
think If you ask it again I think I could answer {t.

Q All right. I will state it slightly differently.

It is true, isn’t [t, that your conclusions in

your testimony about the cumulative damage index that we
have just been referring to were based upon and calculated
by comparing the depth of the crack before testing hegan on
March 11th, 1984 == that is, the crack between Cylinders 4
and 5, stud-to-stud, and the average extension of that crack
dquring the period through April 14 which you then assured
yourself was correct by sectioning and finding out that the
maximum depth was three inches, is that right?

A Again I can’t say it was right, let me explain
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why =—— I’m sorry, Mr. Dynner, you are just not an engineer
and it is not stated in a way which (s technically correct.

I+ is true that the crack has been measured to
extend from the order of an inch and a half to three inches
at this location during the test period.

[t is true that I calculated the cumulative
damage index corresponding to the loads, durations at those
loads, during that test period.

It is true that I compared the damage accumulated
during that test period with the damage that would have been
required had the origina' 103 block been left in service and
had there been a load profile identically equal to that
expected during a loop LOCA event on that original 103 block
if it had been left in service and seen that kind of an
accident condition,

And these numbers-are hased upon the test results
and the computations of what the loop LOCA requirements
would be if, in fact, the 103 with the degenerate
Nidmanstatten graphite had been left in service. In other
words, even it with the bad properties would have survived a
loop LOCA if it had experienced one with some margin...

That’s t, I’m sorry.

d All right.
Now Dr. Rau, how did you determine that the depth

of that crack running between Cylinders 4 and 5 on the
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exhaust side stud-to-stud was in fact 1.6 inches at the time
that the test began on March .1ith, 19842

A That is the maximum depth reported by the
non-destructive inspections performed at or ahout that
time.

Q Well the non-destructive inspection you are
referring to in fact is the eddy current inspection, isn’t
it?

A It would be the crack denth reported at that time
on the crack maps. 1 rea2lly don’t recall =— Dr. Johnson
perhaps would want to say — which of the inspections gave
the deepest indication, that would have heen the one which
was utilized.

Q Well you testified yesterday, didn’t you,

Dr. Johnson, that the stud-to-stud cracks were measured by
eddy current and they couldn’t be measured accurately by dye
penetrant, isn’t that right?

A (Aitness Johnson) Yes, the number 1.5 inches is

from an eddy current test in the August time frame --

Q August -
A Excuse me, April, right after the eveat,
Q No, I’m talking ahout the depth of the crack

before the block failed, I’m talking about the depth of the
crack before March Ilth, 1984 = which you have testified, I

think, Dr. Rau, was 1.6 iInches.
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A I do understand which crack you are talking
about. I got the date wrong, it is In YMarch actually and,
yes, that was measured by eddy current.

Q And that was one of those unreliable eddy current
measurements that you said yesterday you wouldn’t rely upon,
isn’t it?

A That eddy current test would indicate that the
crack at that time was no deeper than 1.6 inches.

Q And in fact, based upon your testimony yesterday,
that crack could have been much shallower than 1.6 inches,
couldn’t it?

A Based on the tecst results, yes, it could bhe
shallower.

JUDGE BRENWNERt: Incidentally, Mr. Dynner, just
for the record, did you ever get that March 3th eddy current
inspection report that you wanted?

MR. DYNNERs [ did not, sir.

JUDGE BRENNERt* Mr. Farley, didn’t you state on
the record you were going to give it to him yesterday?

MR. FARLEYt 1[I did, your Honor.

JUDGE BRENNER: All right. You two work it out
over lunch and then come hack and tell me what the situation
is.

3Y MR. DYNNER?

Q Now Dr. wNells, aside from this cumulative damage
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analysis that we have been talking about, it’s true, isn’t
it, that FaAA carried out what is normally referred to as a
normal fracture mechanics analysis of the cracks in the
block top in order to determine the crack growth rate, isn’t
that right?

(Paucse.)
Dr. Wells, do you know that?

A (Witness Wells) A normal fracture mechanic
analysis, Mr. Dynner, in the sense that we calculated the
detailed stress distributicn'throuqh the block top and
assumed the presence of 3 crack and calculated [ts rate, was
not performed in this case.

Q Let’s take a look at Suffolk County Exhibit 48
for a moment.

A (Witness Rau) Can I follow up or are you
following up on that question in particular?

Q You can add something, Dr. Rau.

A In the sense of a conventional analytical
calculation, as Dr. Wells indicated, it is true we didn’t
perform that directly but I would just like to remind ynu
the cumulative damage calculation is In fact a fracture
mechanics analysis of crack growth., But {t is calibrated or
hased upon the observed performance of the block topt in
other words, the crack progression through the block top is

calibrated based upon the experience and observations of
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the original 103 and it is that experimental calibration
that incorporates the effects of any variations or
changes in the stresses as you move from the block top down
along the path which the crack is progression and, If you
like, precludes the need to do analytically what has been
demonstrated experimentally by the original 103 hlock.

Q But you didn’t do any fracture mechanlics

analysis, for example, of the type you did to determine the
crack growth rate in the pistons? You didn’t do that on the

block top, did you, is that your testimony?

A (Witness Wells) That’s correct, sir, we did not.
Q Did you start to do {t?
A Ne conducted fracture mechanics calculations

early In our work, particularly at this stage that I
think you are about to refer to here that is represented by
Mr. Taylor’s deposition.

Q Ynu knew what [ was looking at.

JUDGE BRENNER: You gave him the exhihit number,

remember?
WITNESS WELLSt 1[It didn’t take too much.
(Laughter,)
B8Y MR. DYNNER?
Q Well I gave you the exhibit number and that is in

fact Exhibit | to Mr, Taylor“’s deposition, isn’t that right?

A (Witness Wells) Yes, sir., Ti t’s correct.
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Q And Dr. Wells, you are familiar with this
document and it was in fact circulated to the NRC and the
other parties as an interim report, wasn’t it, Dr. Wells?

A [ believe so, sir.

Q In fact 4r. Taylor during that time frame was
involved in performing a fracture mechanics analysis in
order to predict crack growth rates in the block top, and
Mr. Taylor’s work didn’t have anything to do and was not iIn
fact based upon the cumulative damage analysis that you
later did, was {t?

A Not at that time, sir, that’s correct.

Q And Mr, Taylor was involved in this fracture
mechanics analysis, wasn’t he?

A He did not make the calculations, as I recall,
but yes, he was the task leader in charge of that work. ’

Q Aho else was Involved in doing that fracture
mechanics analysis?

A There were many calculations performed prior to
that period, Mr. Dynner. [ would have to guess at the
specific individual.

Q Anyone on the panel who knows can certainly state
If they know who was working or the facture mechanics
analysis.

A (Witness McCarthy) Mr, Dynner, | was involved

with some of the iterative calculationst Dr., John Lowt |
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recollect there was some peripheral involvement of
Dr. Graham Fowler, and | believe Dr. Ernest Eason. Yes,
that is correct, df. Ernest Eason as well.

JUDGE BRENNER: What are you going to do with
that valr:able information, Mr. Dynner?

M. DYNNER®* [ was curious. | could have asked it
differently of course, and I could have asked it as to
whether any other members of the panel, and maybe I should
have asked (it that way. And | apologize {f that {s--

JUDGE BR?NNER' I thought vou had already
establ ished that it was persons other than members crf the
panel. Maybe I reached an inference that wasn’t in the
record.,

There have been questions dur ing the course of
this proceeding as to who else, and then we get a long list
of names, and unless you have something really special in
mind, it is usually not material, although I can imagine

circumstances where it might be. Howevr, I just didn’t see

it here.
Go ahead.,
BY MR. DYNNER?®
Q Now it was the purpose and intention of the

fracture mechanics analysis that Yr, Taylor was working on
to predict the remaining life on EDGs 101 and 102, 3iven the

cracks that they have, Isn’t that true?
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A (Witness Wells) Not primarily, Mr. Dynner. At

that time we were trying to explain the observed arrest of

ligament cracks at the liner landing ledje.

the purpose of those calculations.

That was really
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Q But that was an objective, wasn’t it, because

Mr. Taylor testified in his deposition, as I think you know,

"In my analysis we will predict the remaining life on 110
and 102 given the cracks that they have. At the same time
that same analysis would predict the life of that same
design starting from an uncracked condition."

MR. FARLEYt Judge Brenner, may [ have the page
reference?

MR. DYNNER: Page 64 of the deposition.

A (Witness Wells) Sure, that was the ohjective at
that time of Mr. Taylor’s deposition.

BY MR. DYNNER®

Q And it was the attention of and the analysis of
the strain gage results that FaAA would be able to
characterize the crack growth rate on EDG 103% [3n’t that
right?

A (Witness Wells) It was hoped that with the
strain gage data and the analytical models that we could
predict the growth and arrest of ligament cracks and the
observed behavior of the stud-to-stud crack at that time,

MR. FARLEYt Judge Brenner, I object to this
examination. Unless I am seriously mistaken the County
Exhibits which show the extracts from the deposition that
they are relying on do not include the portions that

Mr. Dynner is referring to. Obviously Mr., Dynner has a
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right to refer to any deposition but [ understood that under
the rules of this procedure I would be told about voluminous
depositions so that I could have the information.

JUDGE BRENNER®t Well, yes, you are right as to
the general statement that if there was going to be cross
examination from the extensive type documents parties would
be told in advance. However, the concern I had and have had
throughout the prcceeding does not apply to that kind of use
of that kind of document and [ don’t want to take a lot of
time explaining the difference. [ think you can sees the
difference betwean == well, [71] try to state it briefly.

There 1s a big difference from that kind of
examination from that kind of document as opposed to pulling
out page 32 of a particular eddy current lnsoectlon'report
from a large volume of other inspection reports and then
expecting witnesses to know very quickly what was done, how
it was done, and so on. And it Is the latter kind of
concern that was most prominent, So [ just don’t see a
prejudicial problem as to this particular line,

Nevertheless, your general statement {s still
true and | didn’t draw a distinction In making the jeneral
statement. | don’t see any reason to adjust at this time on
that particular one.

3Y MR. DYNNER?

Q Now, Dr. Wells, were any conclusions concerning
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the crack growth rates of the cracks in the hlock top
reached from the == what [ will call the regular friction
mechanics analysis that was being carried out by Mr, Taylor
and others?

R (Witness Wells) Let me explain, That question
is posed In a form that [ can’t answer yes or no.

We knew the bhehavior of the ligament cracks that
were under investigation at that time. WNe were trying to
understarid the effects of the various types of loading and
measured stresses on the propagation of the cracks and the
apparent arrest of ligament cracks., What we concluded was
that our modeling up to that time was not adequate to show
the crack growth rates with any degree of accuracy.

In fact, our model, as Dr. Rau has testified, at
that time consisted of a two-cdimensional analysis and the
calculated stresses were, in that model, too high to allow a
crack to arrest at any partlicular time so that ligament
cracks, in effect, were predicted to propagate rapidly
through the material with no arrest,

And we knew that was not the case from l20king at
many, many ligament cracks and wa knew of course from the
stresses In the particular model that they were far too
high, did not reflect the reinforcements of various other

parts of the block top, the hosses, the webhs, the restraints

of cylinder heads, et cetera,
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In short, the model was not sufficiently
realistic.

Q Your past behavior of FaAA has been, as it was in
the pistons, for example, that when you had a finite element
analysis that did not give you what you regarded as a viable
result, you went back and refined the model and you did so
in this case hecause, as you have testified, Dr. Wells, you
did a 3-D model thereafter. Did you then carry forward
using the 3-dimensional analysis in order to conclude
Mr. Taylor’s fracture mechanics analysis work?

A I believe so. We progressed to the point where
we had not a complete detailed distributlon of stress, that
is, stress distrihution adequate for Dr. Rau’s fracture
mechanics analyses, crack growth analyses {f you will, that
are comparing in this cumulative damage model.

A (Witness McCarthy) I would like to add to that
that in the case of pistons our model with the eventual
refinement just fit on a Cray computer and that was a3 far --
the piston was a far simpler geometry to analyze In the sort
of detail we were able to analyze the piston than the block,
Until the new Cray 2 computer comes on line At the
University of Minnesota, we could not get a model of the
block of the same detail as we did on the piston on any
existing computer that we know of available anywheras {n the

world,
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Q low, Dr., Wells, going back to your last answer
you told me that the analysis was used in Dr. Rau’s
cumulative damage analysis. What | wanted to know was [t
used in Mr, Taylor’s and company regular fracture mechanics
analysis? In other words, was there an attempt made to
apply that information to the analysis which had originally
shown that the ligament cracks would propagate rapidly?

£ (Witness Wells) No, sir, not In any great
detail. | say the cumulative damage analysis based on crack
Jrowth that Dr. Rau performed were hased on upperhound
stresses that we obtained from the strain gage readings and
through these models.

But I must explain that at this point the models
are still not sufficiently accurate to perform a detalled
fracture mechanics calculation., The reason for that (s, as
Or. McCarthy appllied, the size of this model would %e
enormoust much larger than a plston. What we learned since
Mr. Taylor’s deposition up to the end of last summer was
that the stresses In the cylinder block are very a very
complex combination of several structural elements, The
block top is very complicated [tself. It has a number of
components reinforcing it which we did model, The cylinder
head, however, exerts substantial effect on the bhlock top.
And as you know, we never aven attempted a modal of the

cylinder head because of {ts complexity.
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So, the degree of detail that would have bheen
necessary to perform the analysis that was suggested in

Mr. Taylor’s deposition was just beyond impractical.

A (Witness Rau) Let me add something to that,
too. It was clear that {t was unnecessary also —= not only
was it impractical but it Is also unnecessary -— to perform

that level of sophistication. We had the most direct
observations of what the stress distributions were from the
block top which we knew from direct measurement with the
strain gages and how that changed with depth, directly and
explicitely demonstrated by the performance of the original
103 block., That was, in my opinion, by far the most
accurate way to ascertain what that distribution was, And
using the combination of the strain gage measured on the
actual block and the performance as demonstrated by what the
cracks did as they progressed from the block top downward in
conjunction with the power levels, we were ahle to make a
very precise determination of the crack progression from
hlock top on down., That’s exactly what we did with the
cumulative damage mocdal,

A (Witness MNells) Yes, our objective was to
provide a reasonably cost effective minimum safe life for
the cllent In this case.

Q Or. Rau, if I am not mistaken, you were talking

about your cumulative damage analyslis, riqhﬁ. in the last
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part of your answer there?

A (Witness Rau) Yes.

Q Nhat was the rate of propagation =-- that is, how
fast did the cracks propagate in the 103 block? Let me take
a specific crack. How long did it take for the crack
rumning from cylinder number I, four-and-a-half inches down
the front of the engine, to propagate once it had initiated?

A [t took no less -- again, you can’t answer |t
specifically because it i{s, in fact, dependent upon the way
it’s used. But [t took no more than -- excuse me, [t took
no less than the amount of cumulative damage time, power
levels that were seen by the original 103 block during the
test period March through April, 1984, 5So we know == glven
the fact you know how long it ran and you know how much the
crack extended, that gives you the average crack progression
rate over that period of time and given that amount of
cumulative damage duty, if you like, which the parts saw
during that time.

Q You say it took no less than from March .l to
April i4 for that crack to propagate down from cyl inder
number | four=-and-a half inches down the front of the
engine?

A Yes, that’s what [ sald.

Q Mr. Youngling testified that nohody saw that

there was any crack there on April 14 after the abnormal
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load excursion occurred,

So it’s just as logical to say that that crack
propagated down the front of the engine in something less
than an hour and twenty minutess isn’t that right?

MR. FARLEY®t Obhjection. Mischaracterization of
testimony.

JUDGE BRENNER: Overruled.

AITNESS RAUs That’s not correct.

BY MR. DYNNER$

Q dhy isn’t {t?

A (Witness Rau) Mr. Youngling also testified that
his people were not looking in that region of the engine
before the unusual event or whatever they = abnormal
event, There is no evidence whatsoever that the crack was
not there just prior to then.

Q Well, assume for me == hear with me for a minute
and let’s assume, because we can all read what Mr, Youngling
said yesterday =--

A Let me just finish something, can [?

JUDGE BRENNERt Let him followup., I think we
will get better precision., Go shead, Mr, Dynner.

8Y MR. DYNNER:®

< Okay, just assume for me for 3 moment, that the
crack wasn’t seen and although it wasn’t especlially looked

for a crack of that slze, as Mr. Youngling testified, where
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0il might collect, let’s just assume for a minute that the
crack wasn’t there or couldn’t be seen even (f it were
there.

JUDGE BRENNER$ Mr. Dynner, could I sujggest
something? Why don’t you ask him how he can be sure that it
took no less than that time?

BY MR. DYNNER?

Q How can you be sure that it took no less than

O @ ~N O v s W N

that time, that is, the time from March Il to April 14?2

—
~
~

A (WNitness Rau) Well, there are several reasons

for having that opinion. First, is the inspection results

taken before the test perlod and after. The second is my

~

“w

knowiedge of the ~= from the straln gages of the relative

s

stresses at the two locations., In other woris, the stresses

u

are lower at the number | cylinder location than they are at

o

the 3 to 4 cylinder location. And the analysis of the

-

performance between cylinders 4 and 5, as well as the

ohservation that the other stud-to-stud cracks which had

o @

heen reported prior to the test period, didh’t extend
20 anywhere near so far as to 4 or 5., All contribute to the
2! opinion that that crack at the number | cylinder stud

. 22 location would have taken at least as long 3s the period of
23 ohservation. The reason | said less than was simply that |t
24 might have heen smailer than the resolution limits of the

non=destructive Inspection at the start of that test
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longer periods of time, might have started before that

And therefore,

test start.,
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it might have heen growinj for



100 10 01 24808

1 ‘Irhb

Q Dr. Johnson, If you look for a minute at Exhibit

2 B-18 in its revised form, and if you look over at the stud
3 in the four o’clock position on cylinder No. | on the Intake
4 side, there is a line indicating == rumning outwards from
5 the stud towards the front of the block with an asterisk and
6 a 0 next to the asterisk., It says "Top surface Indication
7 depth not measured, length not recorded."
8 Is that the location from which the large crack |
2 propajated from cylinder No. | down the front of the engine? |
10 A (nitness Johnson) At that time there was a :
1 penetrant Indication of a crack, 0, ==
. 12 Q Just can you answer the guestion? [Isn’t that the

13 place where the large crack propagated down the front of the
14 engine?
15 A You sald an asterisk with a 0 after {t., The

16 answer is an asterisk with 0.4, Now mayhe that’s not on
17 your copy.
18 g Wait until I ask the gquestion-- Just can you

19 answer my question? My question st
20 I have noted for you the location of that
21 indication on the four o’clock position stud hole in
‘ 22 cylinder No. |. And I have asked you 1s that the lacation
23 where the large crack propagated down the front of the

24 engine during the qualification testing?

A Yes.,
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Q Thank you.
Now my copy i don’t hellieve has a .4 after {t,
Nould you clarify that, please?
A Yes. The number is star 0.4, indicating it was
.4 of an inch lon3 coming from the stud directed towards the
outboard edge.
Q And did you attempt to measure the depth of that
indication?
This is all March .IIth data,
A No, there was no attempt to measure the depth of

that indication.

Q Why not?

A We had many indications that were much longer
than that.

Q So because of Its length, Dr. Johnson, you made

the assumption that {t must -- because of the relationship
of length to depth, that {t must necessarily be very
shallow, Correct? 1Is that your testimony?

A There were also some ultrasonlc evaluations done
in those areas., [ don’t know the specifics of those,

Q You dldn’t answer my gquestion. Ajzain I would
really like to request that you listen to the question.,

Is it bacause of the relatively short lenjth of

that crack and your knowledge of the relatjonship of lenjth

to depth that you assumed that the crack must be a shallow



100 10 0o

| “iPob

O O N O U A W N -

—
~—
e

11
12
13
14
15
16
17
18
19
20
21

23
24

24810
one?
A Ne did not attempt to measure the depth of that
crark,
Q Now let’s try that quescion once again, and you
couldn’t—

JUDGE BRENNER: why didn’t you attempt to measure
the depth of the crack? He is folluwing up on your answer
ahout two or three juestions &ago.

NITNESS JOHNSON: Because {t being short on the
surface would indicate it is not deep into the hole.

MR. DYNNERt Thank you.

WITNESS MC CARTHY: Just one additional
correction on that exhibit, It says "Length not recorded."
The "not" s superfluous. The depth was not measured but
the length obviously was recorded, so the second "not"
shculd be struck there.

JUDGE BRENNER: Well, be careful. I want you to
think about that over the lunch break. [’ve observed the
possibility at least on some of these crack maps, and I’m
not sure about this one, that you’ve got multiple stars or
asterisks and you’re trying to — for different indications
at different locations of the crack map. And [ think you’ve
tried to use the asterisk notations to mean different things

for different indications.

NITNESS MC CARTHY: BRBecause of the superfluous
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"not" [ can see how you would get that impression,
Judge Brenner. It is not our intention. It {s supposed to
be the same admonition on all the crack maps, but the second
"not" confuses that, and | apolojize for the confusion.

JUDGE BRENNERt® All right., 1711 delete it if you
want me to. It’s your crack map.

WITNESS MC CARTHY: Thank you.

JUDGE BRENNERt You do not have uniform notations
among the crack maps, and | had asked a question about one
of them yesterday, but «e’ll put that aslide.

Dr. Johnson, did you want to explain that?

NITNESS JOHNSON: Yes, it should not say "not" on
this particular-- We did record ihe length. The length was
recorded to be 0.4 inches, and the depth was not measured,

JUDGE BRENNER: All right.

WITNESS RAU: That’s on Exhibit Number B-18,

JUDGE BRENNER®* All right,

WITNESS RAUs [ would like to add something,

Mr. Dynner, if I might.

In the cumulative damage considerations of this
location which you are asking Dr. Johnson ahout, I made the
conservative assumbtion that the crack size at the beginning
of the test perioc :'as =-- the crack depth — excuse me ==
was in fact zero, and that the maximum extent Of crack

extension, that is, from zero down to the depth of 4,4
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inches recorded after the test period, all occurred and even
with that conservative assumption, neglectiny whatever depth
there was associated with that .4 inch, still demonstrated
thaﬁ there was even more margin between the required loop
LOCA cumulative damage and that which had been demonstrated
by the performance of the original 103 block during this
test period.

JUDGE BRENNER: wWe zan recess for lunch at this

O ®©® N O v s W N

time unless you have a question or two that you want to

.~
-~
e

follow up on.

MR. DYNNER: Just a couple of follow-ups.
BY MR. DYNNER?

N

13 Q Are the results—— You say you did use the

14 cumulative damage index, you did use *his crack that ran
15 from cylinder No. | down the front of the engine, Dr. Ra,
16 Is that in your testimony somewhere, where it talks about
17 that crack?

18 A (wnitness Rau) No. As [ indicated to you

19 previously, Mr. Dymner, the most conservative position was

20 to consider the 4/5 position., That was the one with the

21 least amount of margin.

. 22 We had considered this location and found it to
23 demonstrate an even larger margin and the testimony
24 reflected that position which was limiting or most =-- was

2> limiting.
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Q And this is the biggest crack In fact, Isn’t it,
the one that goes down cylinder No. 1?

A Givern the destructive measurement of 4/5, yes,
this particular location would be the maximum amount of
crack extension. However, the different stresses which are
present at that location compared to the 4/5 location result
in a larger margin when you g0 through the cumulative damage
analysis than In the 4/5 stud-to-stud location,

Q And just to be sure you were consistent when you
say that you considered this long crack ruming from
Cylinder No. 1, am I correct that you assumed that that
crack did not propagate in any less of a time than from
March llith to April 14th?

A Again it is demonstrated by the crack map, B-I18,
to have been present on the llth and it grew during that
period.

Now as I mentioned previously the reason I said
"less than" is that obviously there is some crack
propagation time prior to the 11th at which time the crack
at that location gjrew from nothing to the .4 surface length
and whatever depth corresponds to that .4 surface length.

Q So your answer is yes?

JUDG= BRENNER: e will put that one together
ourselves and if you feel you need to follow up after lunch,

you can.
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All right. Remember the one brief task for
Mr. Dymner and Mr. Farley is to figure out what the
situation is on that March 8th report. Just to 3et the two
of you off on the right foot T want you to start out by
agreeing that today s Wednesday, and the rest of (t s up
to you two.

Ne’1]l come back at 1335,

(Whereupon, at 12305 p.m., the hearing in the
above-entitled matter was recessed, to reconvene at 1335

Pem., this same day.)
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AFTERNOON SESSION
(1835 p.m.)
JUDGE BRENNER$ Good afternoon.,
Whereupon,
ROGER LEE MC CARTHY,
HARRY FRANK WACHOB,
CHARLES A. RAU,
CLIFFORD H. WELLS,
EDWARD J. YOUNGLING,
CRAIG K. SEAMAN,
DUANE P. JOHNSON,
and
mILFORD H. SCHUSTER
resumed the stand and, having been previously duly sworn,
were examined and testified further as follows:?
JUDGE BRENNER: Mr., Dynner, do you now have what
LILCO always believes to be the report of that March 8th
eddy current inspection that you asked about I believe back
on Monday?
MR. DYNNERs [ do, sir.
JUDGE BRENNER: All right. So anything you want
to do with it now is up to you in the first Instance I
guess, and of course the other parties, on further cross or
redirect, can do what they want with it also.

You can continue your cross-examination,
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MR. DYNNER®: Thank you, your Honor.
CROSS=EXAMINATION (Continued)
BY MR. DYNNER?
Q Dr. Johnson, what is the depth in the stud holes
from the block top to the threads for any study hole?
A (Witness Jchnson) What (s the depth? You are
seeking a definition?

Q No, a measurement,
A On what stud hole would you like?
Q Any stud hole at all. Do you know what the depth

Is from the block top to the threads, where the threads

begin?
A From the top of the block to the threads is 1.5
inches.
Q Thank you.
MR. DYNNER: For the record -- and I’11 do it
now, Judge Brenner —— | have been given a copy of an Eddy

Current Examination Report by Mr, Farley. It appears to be
dated 3/8/84, and s signed by Don Johnson,

And this test report shows, under the column
"Length of Indication," for cylinder No. 7 on EDG-102 for
stud hole--

MR. FARLEY: For the record, I object to Counsel
characterizing what the document shows.

JUDGE BRENNER: Yes. I’m not sure that we need



1 WRBeb

100 .11 03

O ® N v e Ww N

20
21

22
23
24
25

24817
that, Mr. Dynner.

MR. DYNNER: I will strike all that and I will
let Mr. Farley take care of this. [ was going to do it to
clarify the record at this point.

JUDGE BRENNER: Okay. I just don’t know what you
were going to do.

MR. DYNNER® I can make a statement for the
record that the Eddy Current Examination, given
Dr. Johnson’s testimony, does appear to show that the depths
of the two stud holes in question by this Eddy Current
Examination do substantiate the depths shown for those two
stud holes on the crack map.

JUDGE BRENNER: Okay. Well, we can accept, if 1
can phrase {t differently — and tell me if [’m saying the
same thing -- you are saying it is In effect a stipulation
of fact that when Dr. Johnson testified that inspection
report would show it in fact does show that.

MR. DYNNERt Yes, sir. That’s all I was trying
to put in the record.

JUDGE BRENNER:® Okay.

BY MR. DYNNERs

Q Dr. Rau, it is true, isn’t {t, that your
cumulative damage analysis calculations do not assume any
particular sequence of loads for EDG-103. Isn’t that right?

A (Witness Rau) That is correct, Mr. Dynner. The
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cumulative damage model does not take into account the
relative sequence of the different power levels.

My experience with cumulative damage analyses
over the years indicates that unless there are enormous
di fferences in the stresses developed that the sequence of
these kind of loads.... Let me back up a minute.

Unless there are enormous differences in the
magnitude of the stresses, unless you’re jumping around with
your loads like you might on an airplane wing where {t’s
bouncing up and down in the gusts back and forth from one
load to another as opposed to continuously running at one
power level for a certaln amount of time, then continuously
running at another power level for another perliod of time,
that there would be no significant difference of the order
of the sequence of the power levels.

Q Does the Cumulative Damage Index use what is
commonly referred to as Miner’s rule, or a variation of
Miner’s rule?

A Well, I can’t answer that Yes or No. It is
certainly not Miner’s rule purely and simply. In a loose
sense you might call it a variation.

To the extent you mean by Miner’s rule just
cumulacive damage, Mr. Miner originally put together a
1 'near cumulative damage which is associated with his name

and sometimes called Miner’s law or Miner-Pomigrin‘s law.
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Nhat we did is not that, but it is a cumulative damage
analysis.

Q If you had done your cumulative damage analysis
on EDG-103 for the period from the time the engine went into
service up until March 8th, 1984, that analysis would not
have predicted the cracks that propagated during the period
from Maréh lith to April 14th, would {t?

A That question doesn’t make any sense to me,

Mr. Dynner. If you want to try again I711 try to answer
it.

Q Dr. Wells, can you answer that question, If you
understood the gquestion?

If you had done your cumulative damage analysis
using the state of the block top in this case as shown on
Exhibit B=18 for the period of operation of EDG-103 from the
time the engine went into service until March 8th, 1784,
that analysis would not have predicted the crack initiation
and propagation that occurred from March .11th through the
time the block tailed, would it?

MR. FARLEY: OUbjection on the basis of Dr. Rau’s
testimony.

JUDGE BRENNER: I’m sorry, I don’t understand the
objection, Mr. Farley. Can you explain i{t, please?

MR. FARLEY®* Dr. Rau said he couldn’t understand

the question, it didn’t make any sense to him. And now
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JUDGE ERENNER: Well, that’s acceptable, #e’ll
allow the question,

WITNESS WELLS®t | gather your gquestion means did
we or would we be able to predict the initlation and
propagation damage as of the time the between-stud crack was
observed., We made no attempt to do that. Whether or not we
would have or could have or should have, I must defer to
Dr. Rau.

WITNESS RAU: Mr. Dynner, the question you=--

MR. DYNNER: Just a minute, please, because
Dr. Rau has already said he didn’t understand thas question.

WITNESS RAUt You asked a different question the
second time, Mr. Dynner.

BY MR. DYNNER?

Q All right. Go ahead and try to answer it,
Dr. Rau.
A (Nitness Rau) I can’t answer it, and the reason

I can’ answer it and I don’t think anybody can is 7ou asked
me to assume, or asked us to assume that the block started
out with the cracks that are present in B-18 and then
experienced all the duty which it has since the day it was
first placed into service, and then to make predictions
about whether or not things would happen thereafter. It

doesn’t make any sense,
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Q Nell, wasn’t the damage, Dr. Wells, that EDG-103
accumulated between March 11th and April 14th substantially
greater than the damage as measured by the size of the
cracks in the block that it had accumulated during {ts
entire history of operation from the time It was put into
service until March 8th or March 11th?

A (Witness Wells) I don’t think so, Mr. Dynner.
You’re asking us to estimate the damage accumulated in
initiation and in propagation up to the March 8th and
compar ing that with damage expended in propagation from
March 11th through April 14th,

Again I must ask DOr. Rau, If he understands this
situation, to respond to {t.

A (Nitness Rau) 1[I can’t respond exactly to it but
I can indicate that qualitatively the total amount of
cumulative damage which the origianal 103 block had seen
through its durztion of testing up until March of /34 is of
the same order as the amount of damage which occurred during
the test period from March through April of 1984,

Again I don’t have the precise numbers in front
of me but, you know, it’s within a factor of two or three
for sure,

By that-- As | said previously, I mean that the

summation of the number of hours at the corresponding load

levels and the stresses that result therefrom, when you add
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them all up, the number of hours times the stresses that go

with a certain power level for all the testing up to March,
is of the same order as that which occurred during that test
period.

Q Yes.

Nhat [ was referring to is the magnitude of the
actual damaget that Is to say the size and depth of the
cracks, and the nature of the cracks.

You couldn’t make that kind of a comparison
without some time spent, or can you have—

A The Inspection records speak for themselves. The
amount of damage accumulated physically as a result of a
certaln amount of duty, a certain amount of operation at
power levels over a period of time speak for themselves,

And you can compare that amount of damage with the amount of
duty, pover level, stress level, times, In any way you
choose.

Q Dr. #Wells, at page 52 you, among others, were
asked a question about whether the cumulative damage
analysls results show the ability of the original EDG-103
block to perform adequately curing a postulated loop LOCA.
Is that the standard for-— If you know, is that the
standard requirement for the General Design Criterjion 17 for
the diesel englines?

Anyone on the panel can answer that after you,
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A (Witness Wells) I belleve so, and I would like
to ask Mr. Youngling for information.

A (Aitness Youngling) Mr., Dynner, {f you refer to
page 74 of our testimony you will see a restatement of GDC
17, and basically the major attributes that we are trying to
do there {s the maintenance of the pressure houndary of the
reactor coolant to keep the core cooled, and to maintain the
contaimment integrity.

Q My question was is the ability to survive a loop
LOCA the standard for the EDGs under GDC 17, in your
opinion?

A GDC 17 sets forth the reguirements for the power
sunplies, including the diesel generators. Certainly there
are other General Design Criteria that discuss the response
of the reactor, but the entire situation relative to the
diesels has been interpreted that the diesels will be
capable of supplying power for a seven-day period in

response to a loop LOCA event.
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Q Pr. WNells, is the stress that the block top sees
during operations of various loads linear. That is to say,
would you expect to see a linear progression of {f you went
from 90 percent of load to 100 percent of load of the same
amount of increased stress as golng from 100 percent to 110.
percent of load?

A (Witness Wells) You can, I think, best visualize
that from the actual strain gage records that were obtained
at different load levels., There you can see that the last
measured load levels show a rather steep increase, to
characterize it. So the answer would be the change from 90
percent to 100 percent =-- the change In stress from 90
percent to 100 percent == is not so large as the change from
100 to 110 percent of load.

JUDGE BRENNER: Dr. Wells, were you looking at
one of the exhibits when you talked about the steep‘ |
increase?

NITNESS WELLS: Yes, Exhibit 30, ycur Honor, or
any of the strain gage records will show that. But 30 is
the illustration we’re looking at here.

JUDGE BRENNER: All right. Thank you.

WITNESS RAU® I think 1f I might add to that,
with regard to strain gage 13 which is the one perpendicular
to the directions where the stud-to-stud cracks formed

hetween 4 and 5, what Dr. Wells said is completely true.
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And Exhibit B 30 does in fact show that it is not exactly
linear?

There are two points that should he made,
however., Flirst of all, although there is an increase in
the steady stress which is quite substantial between 35 and
3330 as illustrated by the change In slope of the lines in
the upper right B 30, the difference hetween the maximum and
the minimum which is == that difference is the alternating
stress or the range of stress which affects fatigue crack
extension, that range is increasing much less slowly. I[It’s
not Increasing as much as the steady or the mean stress is.

The second point that should be noticed {s that
there i{s a non == things don’t start at zero. There’s a
preload, which starts off at a positive steady stress or
mean stress to start with. In the middle of that same
Exhibit 3 30, you can see that the points don’t start where
the engine load starts at zero stress. And so it’s not
linear but ror does It start at zero. And you have to be
cautious atout making ratics of power levels and
extrapolating. You can make mistakes If you just do that,

BY MR. DYNNER:?®

Q Dr. wells, on page 62 of your prefiled testimony
as we have discussed previously, questions 83, 34 and 85
have been deleted in your revised testimony. And earlier

yoU testified to the effect that the strain gage data from
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Delaval was == [ don’t want to put words in your mouth, hut
my understanding is that you did not view it as reliablet is
that correct?

A (Witness Wells) That’s correct, sir. We could
not verify it independently to begin with and on attempts to
verify it we found there were certaln dlscrepancies,

Q All right. Would you take me step by step?

Filrst of all, was the raw strain gage readings, was there
something in it that you found that was wrong with the raw
data, the readings from the strain gages?

We’re talking for everyone’s clarification. As I
understand it, this testimony relates to the TDI strain gage
of the cam gallery area. ‘

A Well, in one case we found that one of the gage
elements, | believe it was, a 45 dejgree element of a three
gage rosette was not operating.

As another point --

Q Well, let me just followup on that if [ may.

ere other gages operating?

A Other gages were In fact operating.
Q How many other gages were there?
A My recollection is that there were at least two

rosettes and possibly three. 1[I recall the gages were

located on the cam bearing saddle support itself. And gages

were located either side of the cam bearing saddle.
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Q That would be shown in the original Exhibit 54,
isn’t that correct, of LILCO’s prefiled testimony?

A That’s correct, Mr. Dynner.

g Now, just help me out. Can you tell me which
3age was not operating properly?

A I don’t recall specifically which one was not
operating at that time,

Q Anyone else on the panel can feel free, if you

know, to chime in with an answer to these questions.
Dr. Rau, that includes you,

A (Witness Rau) [ also do not recall the specific
gage. [ have to refer to detailed notes to find that.

Q All right,

Now, was there anything wrong with the data that
was generated by the gages that were working properly,
Dr. Wells?

A (Witness Wells) Yes., Although the ranges of the
gage readings resulting from the application of firing
pressure appeared reasonable and also appeared that there
was some drift in the mean or the steady state values of the
gages. So upon reviewing both of these apparent problems,
and the fact that this gage that | indicated earlier had not
been working was reduced with some assumed value rather than
actually measured values. We concluded that we could not

place any reliance on these gage readings.
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Dr. Wells, as [ recall -—
(Witness Rau) Can I add something to that?

Certainly.

> D » ©

There was one very specific problem identified
that [ recall and that was the — they had a thermocouple
which meausured the temperature in the vicinity where the
strain gages were and that thermocouple recorded a
temperature, I don’t remember the exact number, hut
something like 100 degrees, in any case, well below the
normal operating temperature of the block iIn that location.
Which is definitive evidence, again to the extent that
measurement is accurate, that the block had not reached
thermal equilibrium and therefore, the instrumentation would
be fluctuating as the temperatures changed.

A (Witness Wells) This certainly contributed to
this problem of the shift in the mean reading on the zero
refe-ence. It is, of course, necessary to have careful
temperature compensation with these gages which, of course,
we have achleved in subsequent work.

Q You said the ranges appear to he reasonahle,

Dr. Wells., Can you explain what you mean by that?

A The ranges that were measured that are shown In
the Exhibits 56 et cetera, show only that there was, {f you
will, a qualitative agreement, that is, the range seemed to

30 up with load in some places. But, however, at other
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places It appeared that it was a higher range at low values
and we had no real explanation for that, either.

Clearly, since this Is a simple matter of static
equilibrium the higher the pressure range, that is, from
zero to maximum firing pressure, the higher the stresses
should be at the gage locations.

Q Are there any other problems that you found with
the TDI straln gage information which you were, at one

point, relying upon in your testimony?

A (Witness Rau) Are you asking Dr. Wells or —
Q Either of you,
A Dr. Wells may have others, but —

There was reported to us and later confirmed by
us that there was a data reduction error, a simple out-and-
out calculational procedure error, made by the TDI
techniclan or engineer who was reducing the strain gage
signals to stresses. It just plain was wrong.

Q What was the nature of that error?

4 Again, I don’t recall the details anymore but it
was clearly just the mechanical engineering of the way he
was doing its it was just plain wrong. Again, I don’t
recall the details But clearly incorrect.

Q Do you know what data you’re talking about that
the error occurred in?

A I don’t recall precisely whether it was limited
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to certain areas or generic. It was, again, a procedural
kind ¢of error, not slipping a number but just going about it
with the wrong series of steps and equations. So, my
. recollection is to the extent we could ascertain {t, this
mistake was general to the reduction of the entirely of the
data,

Q When did you discover this error had hezen made,

approximately?

C W ~N O U s W N

A My recollection is it was approximately early

—
~
S

September.
A1 Q How did you happen to discovery that error?
12 A We sent several of our engineers over to
13 TDI. They sat down wih all the original data to the extent
’ 14 they had it, met with their current engineers and, again, I
15 can’t recall whether they first told us they were incorrect

16 or whether we discovered it and then they confirmed {t. But

17 basically they told us it was incorrect it and we confirmed
18 it was incorrect. I don’t know which came first.
19 Q What prompted FaAA to arrange this meeting with

20 Delaval at that time?
21 B (hitness Wells) We frankly doubted the validity
22 of the data., It did not make engineering sense, on detailed
23 cons ideration of it.

. 24 Q Did it make engineering sense when you filed your

25 testimony on August 147
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2 conservative upperbound. We took at least what we thought

3 was a documentable measured range of stress and applied that
‘ - to an assumed crack depth and predicted there was, of

5 course, no need for further consideration of this problem,

6 Q Well, what led you, Dr. wWells, to believe that it

7 didn’t make any engineering sense —

3 A (hitness Rau) Can I comment?

9 Q I’m following up with Dr. Wells.

10 Nhat led you to believe that it didn’t make

R engineering sense after August 147

12 A (Nitness Wells) Basically, it’s Dr. Rau’s

13 story. But as | indicated yesterday morning, I believe, or

rather Monday morning, if you just go through a simple

F

15 analysis of the distribution of loading throughout the block
16 of the engine, you reach the conclusion that there is no way
17 a ténsjile stress can be exerted at any time, under any

18 condition Now, gage readings that show a tensile stress in
19 the vicinity of the cam gallery are clearly at odds with the

20 static equillbrium of the block, cylinder heads, and base.
21 Q So, iIs it your testimony that the TDI strain gage
22 data reflected that there were tensile stresses in the cam
23 gallery area?

. 24 A They did, in fact, indicate tensile stresses in

the cam gallery areas yes.
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A (itness Rau) [ would like to add one thing, If
I might, if you’re done with that line of questioning?

Q And, Dr. Wells, just so I understand what you’re
saying, you’re talking about tensile stresses as opposed to
steady compressive stresses in that areat [s that correct?

A (Nitness Wells) No, I’m contrasting a stress
state that, from static equilibrium, should vary from a mean
value of deep compressive stress caused by preloading of the
holts that fasten the block to the base and then upper range
of compressive stress which is actually a smaller negative
value, if you will, caused by relief of some of that loading
from the gas pressure forces applied to the underside of the
cylinder head and transmit it from the underside of the
cylinder head to the block top.

Q And instead of showing that, the TDI strain gage
data showed that there were tensile stresses that were
present during engine operation in the cam gallery area?

A During the application of peak firing pressures
that’s correct.

Q Thank you. Dr. Rau, you wanted to add something?

A (Witness Rau) Yes, Mr. Dynner.

In addition to the reasonableness of the
appearance of those results, they have been used initially
because our belief was they were conservative, They did

show small values of tensile stress and we utilized those as
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a conservative bound In the preliminary fracture mechanics
calculations that were reported in the preliminary report in
June.

I had a second point but [“ve lost its I’m sorry.

Q If the results, Dr. Wells, were so unanticipated,
why didn’t you question the validity of the TDI strain gage
analysis before you filed your testimony?

A (Witness Wells) Well, in fact, Mr. Dynner, we
had realized from the start that cracks in the cam jallery
were not a critical problem in the first place and, at
least from my perspective, I viewed other areas of the block
as being worthy of'detalled consideration much more so than
the cam gallery.

As we FHave testified I believe LILCO originally
examined the significance of the cam gallery area before
Failure Analysis Associates was brought under the dlesel
program and attributed the indications to fabrication and
our preliminary analyses hased on this small level of
tensile stress Dr. Rau mentioned, and our understanding of
the sizes of the indications confirmed that there was no
significant problem in the cam gallery area whatsoever,

And, quite frankly, these problems were not fully
uncovered until we began == and Dr. Rau specifically ==
began to go through the quality assurance review of the

information for our final report.
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It was an unfortunate timing problem that the
initial iInformation found its way into our prefiled
testimony.

A (Nitness Rau) If I might just add, | remembered
what | wanted to say that slipped my mind a second ago.

There is perhaps a bit of a misinterpretation of
the sequence of things. Everything that has bheen sald is
correct but the sequence {s not quite — at least as I
understand what has come into the record, it is not exactly
what happened.

The decision to do a detailed independent
verification of the results that TDI presented in their
strain gage report were part of the review of all of the
input information that was going to form the basis for our
testimony.

And the first thing that happened was that 1
could not obtain an inspection report which verified the
depth of, the maximum depth of any indicatjion in thz cam
gallery to be 3/8ths of an inch which Is what had been
reported to us. And {t was my decision — at least my
recommendation and LILCO’s subsequent decision to
destructively examine certain regions of the cam gallery to
measure directly how deep those indications were.

And of course when we did that we discovered they

were somewhat deeper than the 3/3th inch which had been
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reported previously. And as a result of having measured the
cracks to be deeper than we had heretofore thought, we could
no longer rely upon the what we thought were conservative
results of TDI. We felt it was appropriate to independently
review that and anything else that might go into an
evaluation of those particular indications.

So really the inspection came first and then we
started to do a detailed review of all of the input
including the TDI strain gage and that’s when we met with
TDI and discovered the things we have already talked about.

Q Dr. Rau, approximately when did you measure
these cracks in the cam gallery area, about what date?

A Well let’s see. My recollection is that the
first time I was aware that our inspections were out on the
weekend [ think, a weekend late In August, whatever the
dates are, like the 25th, the 26th, something like that, and
that Monday I got the report of the results, [ had
formulated a plan for the destructive inspection in
mid-August, right about the time of the testimony
preparation when [ discovered w~ could not find any
inspection records to verlfy the depth of those reported
indications,

Q Dr. Wells, can you describe for me what is
residual stress In a cast iron casting?

A (Witness Wells) Residual stress would be a



100 13 03

WRBagb

-~ O U s

w

10
I
12
13

14

15
16
17
18
19
20
21

23
24
25

24636
stress that is balanced internally in a metal part through
the result of differ2ntial heating or differential cooling,
more correctly, during solidification which would leave, for
instance, some tensile stress in some locations, that would
be balanced by compressive stresses in other locations.

Q Would residual stress also arlse hecause of
differences in the geometry of a particular area?

A To the extent that the geometry affected the heat
transfer and the solidification, it could.

Q And in the cam gallery area there are in fact, as
you have testified In your testimony, some rather abrupt
chianges in the thickness of the material in the area, aren’t
there?

A That’s correct, and we believe that the defects

observed were the result of a fairly significant change in

section,
Q You mean change in section geometry?
A Yes. Specifically that change in geometry that

results in a thick structure immediately adjacent to a thin
section.

Q Now in analyzing the stresses in the cam gallery
area, did FaAA do an analysis of the residual stress in the
cam gallery area?

A We did not include explicitly a residual stress.

We assumed conservatively, Iin my opinion, that the stresses
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that were applied in the reglion adjacent to thie cam bearing

2 saddle wefe uniform through the walls.
3 Q So you did not do any analysis to determine the
‘ E actual residual stresses in the cam gallery area, isn’t that
5 right, Dr. Wells, yes or no?
6 A No, we made no analyses of residual stress. In
7 order to do that one would have to know the precise history
8 of solidification and cooling. Had we known that, T think
B we would have assumed that there was a gradient of stress
10 which was tensile at the outer wall of the casting and
B either decreased more or less rapidly through the wall
12 toward the inside of the casting, since this is the normal
13 variation of solidification and heat transfer that takes
. 14 place in the cooling of a large casting.
15 In other words, the location at the outer part of
16 the cam gallery could have been —= would be expected to have

17 a slightly higher tensile stress perhaps than the region on

18 the inner wall.
19 I would like Dr. Rau to amplify on that, please,
20 Q Well I’m not interested and my question didn’t go
21 to what you might have assumed, My question was a very
22 simple one and you answered i{t, and that is that ycu did not
23 perform an analysis of the residual stresses in the cam

‘ 24 gallery area, so I don’t need an amplification on an answer

to a question that I didn’t ask.
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MR. FARLEY: I cbject.
MR. DYNNER®: I would like control of this, Judge
Brenner.
JUDGE 9RENNERt I will give you control in this
instance.

WITNESS RAUV Your Honor —-

JUDGE BRENNERt No, we will get it on redirect if

you think It is still Important.
Go ahead, Mr, Dynner.
MR. DYNNER®* Thank you,
BY MR. DYNNER?

Q It’s true, isn’t [t, Dr. Wells, that you did not
~= and [ mean you, FaAA -- did not perform an analysis of
the residual stresses in the block top, isn’t that right?

A (Witness Wells) No, to my knowledge we did no
analyses of residual stresses in the block top.

Q Who is Stewart Parker?

A Stewart Parker is an analytical engineer st
Failure Analysis.

3 And you are aware, aren’t you, that Stewart

Parker recommended that FaAA consider measuring the residual

stress in the cam gallery area.
Are you aware or that?
A Yes, I’m aware of that.

Q Can you explain to me why you did not accept
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A Ne believed It was unnecessary, that the residual
stresses resulting from the solidification of a casting
. would show a conservative gradient, The effects of residual
stresses were In fact considered by Dr. Rau. There may not
have been detailed analytical calculations of the effects of
those stresses, however, the effects of residual stress were

in fact qualitatively included in our engineering evaluation

VO O N 6 U & w N

cf the cam gallery. After careful consideration we decided

o

it was umnecessary to perform any experimental measurement

of residual stress, which would have meant having to drill

n

holes in or cut up a fairly large unwieldy pilece of

w

material.,

Q " It’s true, isn’t it, Dr. rells, that the residual

I

15 stress would not be measured or taken into account by strain

16 gage experiments, would {t?

17 A That’s correct, it could not be measured by

18 strain gages.

4 Q And it is also true that if you --

20 A (Witness McCarthy) 1I’m sorry, there {s a little

21 clarification that needs to be given to the last answer. It

22 would not be measured by strain jages on a part in the form

23 we use them., Residual stresses are customarily measured by
‘ 24 strain gages, by putting them on a part and then drilling a

25 hole or by sectioning.
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The way Dr. Wells meant was correct but it can be

measured by strain gages In other ways.
Q Thank you.,

And it is possible, isn’t it, that the residual
stress In the cam gallery area could be such tnat it could
turn out that, rather than have only the compressive
stresses that you have testified you belleve are in that
area, there could actually be tensile stresses when you took
into consideration residual stresst isn’t that right,

Dr. WHells?

MR. FARLEY: Objection, speculation and
conjecture.

WITNESS WELLS: Mr. Dynner —

JUDGE BRENNERt Wait a minute.

(The Board conferring.)

JUDGE BRENNER: [ am going to overrule the
objection, I don’t know enough to agree with you,

Mr. Farley, and since I don’t know enough to agree with you
on that objection I am going to overrule it and we will let
the witness handle it.

WITNESS WELLSt Mr., Dynner, insofar as what might
or might not be the residual stress distribution in a
casting of this sort, Dr. Rau actually made that evaluation
and I must defer to him,

B8Y MR. DYNNER?
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Q My question was in fact, just to clarify the
record, my guestion was In fact a hypothetical one which we
of ten use in discussing these sclientific areas and it is
that given X amount of residual stress, which you don’t know
what {t Is, the impact of that residual stress could be that
there really are tensile stresses in the cam gallery area,
isn’t that true?

MR. FARLEY: Same objection.

JUDGE BRENNER® Same ruling.

WITNESS WELLSt No, I disagree, Mr. Dynner, that
is not a yes or no situation. 1[It would have to be specific
about what location and under what conditions and a variety
of other matters. It is a more complex situation than can
be answered simply yes or no.

Obviously one stress distribution can be added to
another distribution. But again so far as the engineering
evaluation of this type of situation, this is Dr. Rau’s
field.

BY MR. DYNNER®

e Dr. Rau, you may find that that question is
familiar, because [ think | asked it in my deposition so why
don’t you try to answer it for me again.

A (Witness Rau) Do you want me to refer to my
deposition?

Q No, you don’t have to do that, [ want to se2
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whether you are going to say the same thing.
A Well I think I have the right to look at my
deposition,
What were you referring to?
Q I am referring not to the deposition now, I am

referring to the question.

JUDGE BRENNER: 1 tell you what, Mr. Dynner,
since you thought it was so interesting and entertaining to
Fephrase the question the way you did, now you give him the
reference.

MR. DYNNERs I will give him the exact referencas
page 74 of the deposition, and [ will read into the record
my questions

"Juestiont 1[Is It possible that
residual stresses would have an Impact such
that you would find that all of the stresses
in this area were not compressive?

"Mr, Farley: Object to the
form of the gquestion, speculative and
conjectural."

MR. FARLEYs I still do.

MR. DYNNER: "Mr. Dynnert Go ahead,

answer, it is all allowed.

"Dr. Raut khell again if you are

going to make the hypothetical" --



2100 13 10

WRBagb

O @ =i O W N .

)

12
13
14
15
16
17
18
19
20
21
22
23
24
25

24843
MR. FAPLEY: I object to this form of
examination. This is not the way you impeach somebody or
attempt to impeach him.
MR. DYNNERt I’m not trying to impeach him now -
JUDGE BRENNERt He 1is not trying to impeach him
now, Mr., Farley, he is doing this because the witness
preferred it and I agree with the witness hecause -- and I
stated why.
MR. DYNNERt And I agree with you, Judge Brenner.
JUDGE BRENNER: [t’s not necessary, do it
anyway.
BY MR. DYNNER?
Q "Dr. Raut Well again, if you are goinj
to make the hypothetical that residual stresses
can shift to steady stress from what s measured
there to something which would include some
positive, yes, the answer to that is of course, yes.
You have to specify what magnitude and all that sort
of stuff."
And that is the answer | was referring to —-
MR. FARLEY®: That is not the complete answer,
your Honor.
JUDGE BRENNERt: All right. Do you want to read
more of it into the record?

MR. FARLEY: Yes, sir.
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JUDGE BRENNER® #Stuff" was within the quote?
MR. DYNNER: Yes.
MR. FARLEY: The conclusion to the answer on page
75 wass
"...but the evidence again from the
eld 103 block is == and there is one which had
very severe cracks introduced by the shrinkage
during fabrication == clearly the evidence of
that having run for more than — [ have forgotten
the number, 1200 hours cver a wide range with
400-plus full power and having no indication
cf crack extension at all, is indicative that
the loading corditions —= even if they are not
all compressive, which I believe them to be --
even If they are not all compressive, are still
well below the conditions under which those
cracks would extend. That is clearly
demonstrated. Again, this is in 103, the old
103 which had these terrible degenerate
propertiest cracks grow so much more easily
than they do in conventional gray iron. And
there is another conservatism built Into that
whole conclusion."
JUDGE BRENNERs: Dr. Rau, is that the same answer

you would make to that same question today?



100713 12

NRBagb

~N O U a8 W

@

10

12
13

16
17
18
19
20
21

23
24
25

WITNESS RAU:
articulate, but yes.

(Laughter.)

24845

Hopefully I would be a little more
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JUDGE BRENNER* Whenever you have transcripts

2 read back of anything you say -- and [’ve had the experience
3 also == it {s usually not pleasant, but you are not
’ < alone. == | meant in substance.
3 WITNESS RAUt Yes, sir.
6 JUDGE BRENNER® When the lawyers start quoting
7 you in orders as to what you have articulately said in the
8 transcript it is even more fun.
9 WITNESS RAU® Your Honor, could I add what | was
10 going to add to the questlon just before that? [ didn’t get
11 a chance.,
12 JUDGE BRENNER®* All right.
13 WITNESS RAUt Mr. Dynner was asking ahout
. 14 residual stress evaluations and :nalyses, and in fact [ have
15 considered residual stresses in hoth the cam gallery and

16 also In the block top region.
17 Dr. Nells is correct in that we have not made

18 explicit calculations attempting to get the exact magnitude

19 of the residual stress. That is not precisely possible.

20 But In the case of the cam gallery, there are very specific

21 pleces of physical evidence which provide certain bounds on

22 that the residual stresses could be.

23 In particular, the casting defect that [s present
. 24 in the cam galleries, the shrinkage cracks, the fact that

they didn’t extend entirely through the wall thickness at
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that location is definitive evidence that the residual
stresses are compressive or, at the very least, very, very
low., Had they not been the crack would have-- As the crack
gets bigger, iIf the stresses stay the same and the crack
gets bigger, it doesn’t stop. The only thing that stops a
crack as it gets bigger Is that the stresses have to die
down or go away.

And for that reason it is my belief that the very
fact that they stopped is clear evidence that the residual
stresses from the casting are compressive at the point where
the crack finally stopped and in fact are probably
compressive —= it is more like a bending field —- somewhere
h»efore the crack actually stopped.

In addition to that, as you know, there was a
repair weld put over the top or the surface of these
shrinkage cracks in the cam gallery. These welds are
different depths but it is of the order of 3/8ths, 1/2 Inch
deep. And when that repair weld was put on some time after
the or iginal fabrication, the subsequent cooling
solidification of that weld introduces additional residual
stresses.

But again the details of that weld and {ts
location are such that tensile residual stresses will be
produced in the weld, that is over the first —— the size of

the weld, the 172 inch or 3/3ths, and beneath that depth,
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there must be the balancing stresses Dr. Wells made
reference to, that is, compressive stresses.

So if anything, the subsequent weld repair would
have added compressive residual stresses to the locations
where the tips of the casting defects exist.

So for both those reasons we have reason to
believe that the residual stresses, if they are there, are
compressive, and in ou: analyses we made the conservative
assumptions that they are zero. And I believe that to be
very conservative.

Now with regard to the block top, it again is
true we made no explicit compilations of residual stress,
but I would lilke to state for the record that the cumulative
damage approach which makes use of the performance, the
actual performance of the original 103 block top, takes into
account residual stresses should they be there.

The 103 block top, if there are residual
stresses, has residual stresses just like 101 or 102, and to
the extent they are there, they are part of the performance
of the block, given the cumulative damage experienced, power
levels, times. And so that is an integral part of the
cumulative damage assessment of margin against possible loop
LOCA requirements based on the actual performance of the 103
block during testing.

3Y MR. DYNNER?
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Q Would you turn to page 28, please, gentlemen, of
your testimony?

I noted, Dr. Wells, since you were the sponsor of
this testimony, that you have deleted the testimony of
Questions 35 and 36. why?

MR. FARLEY®* Your Honor, I want the record to
show that | object to that, and | understand your ruling is
that you are going to allow it.

JUDGE BRENNERt* 1 guess I don’t have to say
anything.

(Laughter.,)

NITHNESS WELLSt Mr. Dynner, in the analysis of
the block top strain gage data provided by TDI, the reason
for striking those two answers is that the strain gage
information could not be verified independently by our
quality assurance program,

BY M2. DYNNER?

Q Do you have any reason to believe that there is
anything wrong with that straln gage data?

MR. FARLEY: Objection., Asked and answered.

JUDGE BRENNERt [ am g0ing to sustain that unless
you can convince me otherwise, Mr. Dynner.

BY MR. DYNNER?

Q Well, what attempts were made to verify whether

or not the TDI strain gage data was reliable or not?
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MR. FARLEYt Objection. Asked and answered,

JUDGE BRENNER®* You know you’ve covered the area
at different times, Mr. Dynner.

MR. DYNNER® This is a different strain gage, a
completely different strain gage test, Judge Brenmner. Just
so we don’t avoid confusion, the strain gage tests that
they’ve been testifying about as being unreliable and
incorrect were the strain gage data that were done on the
cam gallery area of the DSR-46 engine.

I am now questioning the witness about the
deletion of TDI strain gage tests that were done on the
block top, and as you can clearly see by looking at Exhibit
B=32, which shows the location of these strain gages, they
aren’t anywhere near the cam gallery area, It (s a totally
different set of tests.

JUDGE BRENNER®t [ don’t happen to have the
exhibit and it {s unfortunate and [ regret now that I
allowed the exhibit book to be recast in such a way that
those that were deleted were actually deleted .ather than
struck through.

MR. DYNNER: | will show it to you if you like.

JUDGE BRENNER®* You don’t have to. [’1]1 accept
your representation, [ don’t know If the answers are Qoing
to be any different but | will allow you to pursue 1t. I

was confused, [ h»elieved that this was also strain gage
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WITNESS WELLSt In general, our problems with
. verification of the tests conducted in the past by TDI have
been the same. We have not been able to confirm the

calibration of Instrumentation, the accuracy of recording,

and in some cases, the reduction of strain data to stress

~N O v & W N

data., Therefore I think all these gage readings are

8 essentially tarred with the same brush.

9 8Y MR. DYNNER?

10 Q Well, do you know when these particular strain

1 gage tests that you referred to in your answers 35 and 36

12 were done?

13 A (Witness Wells) 1[I don’t have those dates with me
’ 14 now, Mr. Dynner. They are in our records. They are

15 certainly much-- They predate our analysis of the hlock.

16 Q Do you have any reason to belleve that this—

17 Other than the general statement you made about not relying

13 on Delaval In general, do you have any reason to believe

19 that this particular strain gage data {s wrong?

20 MR. FARLEY® Objection. He mischaracterized what
21 the witness said.
22 JUDGE BRENNERt | will sustain that objection,
23 MR. DYNNERs All right.
i 2 BY MR. DYNNERS

25 Q Do you have any reason to believe that this
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particular strain gage data is wrong?

& (Nitness Aells) [ don’t recall any scecific
violation that would suggest that we should discount the
measurements., However, [ have little faith in the mean
stress values., The situation here I think is analogous to
the situation in the case of the cam gallery strain gage
tests.

I recall that in discussions of this data there
were references made to problems with the shift of the mean
value of strains. As you know, these are important to our
understanding of the thermal contribution and the preload
contribution to the block top stresses.

Again these have been variously -- atrvarious
times attributed to the leck of calibration or compensation,
I should say, for temperature effects, and in that regard I
think these measurements suffer from the same problems that
the cam gallery did, only in the case of this location we
are dealling with higher temperatures and more complex heat
transfer situations. So I am doubly pessimistic about the
validity of the results,

Q The placement of the two stream gages, Nos. 3 and
4 as they appear on Exhibit 32 which has been stricken, Is
in fact one wirectly above the counterbore landing and one
directly below the counterbore landing. Isn’t that true?

A Approximately so, yes.
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Q So that if one had an accurate reading of the
strain from those areas, one would know what the stress in
the area where the circumferential cracks had initiated,
wouldn’t one?

MR. FARLEY: Objection. There has been no
evidence of that.

JUDGE BRENNER: well, maybe we’ll get some when
we hear the answer.

WITNESS WELLS: I don’t believe there is any
comnection between those gage readings and the stress that
is directed perpendicular to the corner of the liner landing
where we’re concerned about the initiation and growth of
circumferential cracks.

NITNESS RAUt Can I add to that, please?

I perceive another difficulty in trylng to answer
that question is that the gages, although they are in the
general vicinity of above and below the liner land, are a
substantial distance away from that sharp corner where the
liner land reaches the counterbore of the cylinder.

Our analyses have shown that there are very
severe stress concentrations right at that corner. I[t’s a
very localized but very high elevation of the stresses above
those that would be anywhere near the gage locations
compared to those stresses that are right at the corner.

So even If you had valid gage readings at the
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positions where they were located, you could not infer by
any way, shape or form what was present at the corner of the
counterbore to liner land where these shallow
circumferential cracks have been observed.

BY MR. DYNNER:

Q Well, isn’t {t true, Dr. wWells, that the stresses
that cause circumferential cracking are both stresses of the
liner hoop against the counterbore as well as the stresses
of the cylinder liner squashing down on the landing?

A (Nitness Wells) The primary stresses on that
particular corner do result from, as you call t, the
squashing effect of the liner collar against the liner
landina, and also result from the radial pressure of the
liner collar against the landing == rather, the vertical
walls, the cylindrical walls above and below the landing
surface,

The components of stress that one Is concerned
about contributing to the initial and growth of these
circumferential cracks, though, could not be measured at the
locations of those gages.

JUDGE BRENNER: Gentlemen, as long as Mr. Dynner
{15 pausing?

The TDI strain gage data discussed in the portion
of your testimony deleted, starting on page 28, what engine
did TDI place the pages on? | have lost my reference point
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now in mind.

WITNESS WELLS: It was an R46 six-cylinder
in=line test engine. I don’t have the specific designation
of the engine, Judge Brenner.

JUDGE BRENNER® That’s sufficient for my
purposes.

Now did TDI perform those strain gage tests at
approximately the same time period as TDI’s cam gallery
strain gage tests? What I’m trying to find out is if it Is
part of the same test series on the same engine, if you
know.,

WNITNESS WELLSs 1[I think the block top stresses
were=- [’m fairly sure the block top stresses were measured
before the time of the cam gallery stress measurements,

WITNESS RAUt [ think, your Honor, = [ don’t
know the preclise dates exactfy. but [ do know from my
recollection of reading the memoranda in the TDI strain gage
report that == for the cam gallery that that was done In
response to some certain specific observations and was not
an integral part of a block top test program for which this
other strain gaging might have heen part.

Although they may have heen at the same time, It
is also my belief that the cam gallery strain gaging came
later, angd [t certainly was [ndependent.

WITNESS SEAMAN® Judge Brenner, perhaps | can add



100 14 .11

NRBeb

O 8 = 0 W W W

E - O U & W N = ©

1y

21

23

24
25

24856
something.

The cam gallery tests that were performed by
Trans-American Delaval were done at LILCO’s request in
response to our investigation of the cam gallery indications
we found at Shoreham.

This other block test was not done at our
request, so I don’t know the exact time [t was done but {t
certainly was not done at our request.

JUDGE BRENNERt* Okay. Thank you.

BY MR. DYNNER?®

Q Dr. Rau, when did you first discover that the cam
gallery cracks had been welded? And when [ say "ycu" [’m
referring to FaAA and/or LILCO?

So anyone‘on the panel really can answer that.

A (Witness Rau) [ can give you my recollection.

I personally became aware of it [ believe on the
Monday after our inspectors did the destructive examination
and perhaps over that weekend, I may have had a telephone
call, I can’t recall at this time. B8ut it would have been
late in August.

Perhaps the LILC) people, Mr. Schuster, would
like to comment about when LILCO became aware of !t,

A (Wwitness Schuster) The August date frame would
be consistent with our first awareness of the weld repair in

that area,
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Q And how did you come to find out that the cracks
contained weld material?

A During examinations of the original DG-103 block
by Fallure Analysis. They were non-destructive examinations
that were performed in the fillet gallery area of the cam
gallery.

Q What prompted those examinations in August?

A Further examinations of == and evaluations by
Failure Analysis of the fillets in that original block. And
[ think Dr. Rau would probably be able to add more to that
at this point than [ can.

A (Witness Rau) Yes, Mr. Dynner. As | said
previously, in our attempt to obtain the definitive
documentation for the deepest cam gallery crack indications,
not being able to locate an inspection report confirming
that in fact the deepest crack was 3/8ths, I asked that
LILCO make the original 103 block available for our
destructive examination.

I established a plan for how that should he done
and part of that plan was to perform —- basically to make
sure the paint was off to perform a non-destructive
penetrant inspection of the surfaces prior to the actual
cutting of holes, the replicating and the subsequent cutting
of samples for removal to the laboratory.

And it was those inspections done as part of that
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plan for independent evaluation of the depth of those
indications that the presence of the weld was revealed by
porosity and just the liquid penetrant inspection reports.

And we then asked the LILCO people to make
additional confirmatory measurements with == they called
them I think a "material gage," but basically {t’s-- [ am
sure Mr, Schuster and Dr. Johnson will have a more
definitive description of what that (s, but a measurement
that the material was In fact weld material and not the

original cast {iron.
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I  WRBpp 1 A (Witness Johnson) The approximate date of that
inspection was 8-24-84, And [ believe in addition the

reason it was so evident is that the block had been out in

& W N

the rain and cast iron rusts and weld material doesn’t,

(8 1}

And so you could very =— up until that point they look
extremely similar, but at that point after the cast iron had
rust, you could see the differences. So it’s also a

visible, visual, result.

€ @ ~N O

Q There were in fact a number of other inspections
10 of the cam gallery area of the EDGs prior to August of this

A1 years isn’t that right, Mr. Seaman?

12 A (Wltness Seaman) Yes, that’s correct.

13 Q Can someone explain to me why none of these other
. 14 inspections disclosed the nature and extent of the cam

15 gallery cracks and the fact they contain weld material.

16 A (Witness Schuster) | think I can help in that

17 area,

18 When we looked at the 103 block, the original,

1y when Fallure Analysis did their examinatjions on It, we did

20 not have all the paraphernalia et cetera, that would

21 be normally bolted up an area, the cam shaft, the push rods,

22 et cetera, The area geometrically, when the engine is

23 assembled, does not provide the same overview that you would
. 24 have when [t’s completely stripped down,

25 + In addition, Fallure Analysis, when did they
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their examination, had all the paint stripped from the
engine block. And the surface in that area is ground
surface. We’re looking at a fillet area and mayhe you could
help me with that sample we have,

JUDGE BRENNERt [It’s acceptable to use the
sample, Mr. Schuster, but be as descriptive as you can
hecause you remember after this all we’ll have (s the
transcript for the record.

WITNESS SCHUSTER® Yes, sir.

The filllet is in approximately this position in
the engine. (Demonstrating.) The bearing saddle is In this
area here. (Indicating.)

Ahat you’re looking at down in the enjine is this
curved surface which Is about three inches across. And
that’s all the area that is really visible when you look at
it with an assembled engine.

In addition to this, we hLave painted hoth sides
of it and the through bolt [s in this area here adjacent to
it., (Indicating.)

when the examinations were done by Failure
Analysis we had none of this additional, you know, the
additional components of the engine, the cam shaft, the
push rods, the through bolting, or the paint in that area,
And the surfaces are very similar because of the grinding,

et cetera, that is done. And that’s part of the reason why
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that weld repair would not be totally evident, you know, in
that loration.

The other thing is, too, that welds commonly
exhibit the same types of discontinuities of casting stone,
porosity, et cetera, and {t’s not, you know, not unusual
that you would see that type of discontinuity in any cast
material or weld material. That area was not considered to

be a problem from the point of view of a weld repair. And

that would be as much as I could contribute without any

further question.

MR. DYNNER: In order to assist the record, I
will refer to the fact that the area in question, that is
the cam gallery bearing saddle area, appears In photographs
on the County’s Supplemental Testimony filed October 18,
1984, In, for example, S3 there are three photojraphs of
that area.

JUDGE BRENNERt® Thank you.

3Y MR. DYNNER?

Q Mr., Schuster, you could very easily have
discovered whether there was weld material in those cracks
simply by passing a magnet cver that area, couldn’t you?

A (Witness Schuster) No sir, it is not true
hecause the weld deposit is magnetic, sir.

MR, SCHUSTER® Your Honor, I would like to a-d

one other thing to the previous question and that is durling
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our time of examination of the engine we also had plastic
and covering around the area that would be adjacent right
and left of this, which was a clean area requirement that we
hau for the work that was going on in the engine. It furthe
restricts the area that you’re focusing on when you are
doing the inspection.]
BY MR. DYNNER:

Q Dr. Rau, did FaAA conduct an inspection of the
cam gallery area prior to August?

A (Witness Rau) [ don’t know the answer to that,
¥r. Dynner. I know [ personally was not involved but
Dr. Johnson, manager of our nondestructive examination
efforts might know.

A (Witness Johnson) We witnessec some inspections,
[ believe., [ think Cliff can answer that - Dr, wWells
probably answer that best.

A (Witness Wells) Yes, Mr. Dynner. We wltnessed
some of the inspections. | also recall several of us
making our own visual examinatlon. [ canmnot dignify what
they were with the word inspections because we’re not, you
know, qualified inspectors but we did examine the blocks of
all three engines during their disassembly and reassembly.

Q And {s it true that up until August you thought

that the longest crack in the cam gallery area was 4 1/2

inches long and 0,375 inches deep?
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A we had no basis tn disagree with the inspection
records.
Q Is your answer yes?
A I would have to see the inspection records that
indicate those dimensions, Mr. Dynner.
Q Take a look at the block report on page 4-6, You

might also look at your own testimony, Exhibit B52 which has
since been stricken?

JUDGE BRENNERt [ don’t mean to be picky but it
was deleted unilaterally by LILCO.

MR. DYNNER: Of course.

JUDGE BRENNERt And the only reason | say that {s
after many weeks go by and people look at old transcripts it
sometimes s hard to keep {eparate what the Board may have
ordered be struc: as opposed to the unilateral withdrawal.

MR. YNNER® Yes, sir.

BY MR. DYNNER?®

Q Uoes that refresh your recollection, Dr, Wells?

A (Nitness Wells) Not adequately, Mr, Dymner, 1
must remind you that this draft report to which you refer
has not == was not subjected to our QA review, And the
information at hand at that time would have to be traced
hack to the inspection reports that Dr. Johnson and
Mr. Schuster have reviewed,

Q Well, let me help you further.,
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Look at page 63 of your own testimony that was
deleted. At the top of the page you say, "The size of the
largest postulated defect was determined by surrounding disc
continwus indications., The largest indications were found
in EDG 103 and were 4 1/2 inches long."
Does that refresh your recollection?

A I have no personal basis to agree or disagree
with the length of the indications. [ must refer this one
to Dr. Johnson or Mr. Schuster,

Q Except, Dr. dells, you’re the sponsor of that
testimony, which is question 84 and answer ==

MR. FARLEYt Objection.
BY M2. DYNNER?

Q The only other person to sponsor that was

Mr. Taylor who [s not here.

JUDGE BRENNER®t The objection i{s sustained,

MR. DYNNER: All right.

JUDGE BRENNERt He is not the sponsor of any
testimony.

MR. DYNNER:t He was the sponsor of the deleted
testimony.

JUDGE BRENNER®* Well, they deleted a witness and
then they deleted the testimony and there’s a lot involved,
so your characterization is Incorrect and that’s why the

obh ject ion was sustained,
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BY MR. DYNNER?
Q Dr. Johnson, can you help us?
A (Witness Johnson) | belleve that the incsection

records show that the length of the defect 1s of the order
of 4 1/72 Inches but | don’t remember the exact number of the
largest defect at that timet possibly Mil Schuster would
know the number.

Q [ think we’ve been with Mr. Schuster already.
JUDGE BRENNERt Not for that one, I don’t think.
(Laughter,)

He can pivot and pass to somehody else If he
wants,

Mr. Schuster?

WITNESS SCHUSTERt 4 1/2 inches |s a reasonable
estimate of the crack length, sir.

JUDGE BRENNERt And he wanted to know whether
that was, [ guess, 3/8 of an inch.

YR. DYNNERt .375 inches as known,

WITNESS SCHUSTERt If | can refer to the
testimony that he’s talking about, If [ 30 down to the next
sentence, it says the postulated defect shape [s shown in
Exhibit B 52. Postulated, to me, means = does not
necessarily mean accurate or Lhe same as, There are certain
crack characteristics ;hst would glive the appear ance on the

103 engline of the defect depth of being 3/8 of an inch,
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«375., But, again, I have to refer to, you know, the
characterization here.
BY MR, DYNNER$

Q You didn’t know, did you, before August of this
year that some o* the cam gallery cracks were as deep as
8710 or 9710 nf an inchs did you, Dr. Wells?

A (Witness Welils) No, I didn’t.

Q FaAA didn’t know that and LILCO didn’t know that,
is that right, gentlemen? One person can answer and {f
nobody disagrees the rest of you don’t have to answer,

A (Witness Schuster) LILQ) did not know that the

crack indicatlon depths were 2/10 or 9710 of an inch.

Q FaAA didn’t know thats did they, Dr. WNells?
4 (Witiess Wells) FaAA did not know, Mr. Dynner,
Q And when was the first time that you discovered

there were circumferential cracks in EDG 103?
A (Witness Nachob) Those were found in about the

second week in September.

Q Of what year?
A 1984,
Q And that area had been subjected to inspections

prior to that time, hadn’t it, nondestructive inspectionss
isn’t that right?
A A#hat area and what block, sir?

Q I’m talking about the area +here the

{
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circumferential cracks were later discovered,
A (Witness Johnson) Those areas had been sub jected
to penetrant inspection and other inspections prior to that
time in == | believe the first inspection of that order was

conducted March of /84,

Q And were those inspections done on all three of
the EDGs?
A (Witness Schuster) The liner landing

circunferential inspections were done on all three diesel
generators, DG 101, 102, and 103.

As | indicated == | believe it was Monday or so
when the questlion was asked — that the first engine that
the inspections were done on was DG 102, And then
subsequently == that was in February and subsequently in
March DG 101 and 103, and then azain =-- we repeated the
inspection again for 103 In April. On DG 102, we also did
the loa start examination on, sir. I’m sorry, noc. We
didn’t do a circumferential on that one »ecause the liners
were installed, as I indicted the other day.

MR. DYNNERt Judge Brenner, this might be an
appropriate time for the afternoon breaks I{f vou will.

JUDGE BRENNER® Okay. If you want to, we’ll take
[t now,

MR, DYNNER: It will be a convenient time for me

to see whether [ can conclude this afternoon.
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|  WRBpp | JUDGE BRENNERt All right. Do you want mcre than
2 just 15 minutes?

. 3 MR, DYNNER: | think == why don’t we do it until

5 JUDGE BRENNERt® Okay.

o} (Recess,)
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JUDGE BRENNER$ Back on the record.

During the break | was able to pass on to
Mr. Brigati something I wanted to say to you on the record,
Ur« Dynner and forgot to as to the time and that is you
indicated you might finish today and what [ said was that {f
In fact you do finish before the end of the day we will
ad journ and [ would still give you the opportunity to come
back Monday morning and say you have considered things and
want to still take advantage of the time up until the noon
break on Monday on reflectlion, even though you might have
originally thought you were finished before the end of the
day today.,

Off the record.

(Discussion off the record.)

JUDZE BRENNER®t On the record,

MR, DYNNER: Judye Brenner, before I 30 back on
the cross-examination, we had admitted into evidence the
County’s Diesel Exhibit 75, which consisted of a numbher of
pages of eddv current examinations. We have now taken those
pages and put them together in a package which I would 1like
to give to the Reporter and the parties so that can be
placed into evidence.

JUDGE BRENWERt Fine. Thank you.

And you have checked that they are pages 11, 12,
21, 23, 27 and 39, have you?
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MR. BRIGATI®* Exactly, Judge, at least I think
S0,

JUDGE BRENNER®* Go shead, Mr. Dynner.

BY MR. DYNNER:

Q Dr. Wells, would you please turn over a moment to
page 66 of your written testimony?

Nould you please tell me whether you now wish ——
and Dr. Wachob also == to delete the last sentence of your
Answer Oi that aopears on page 667 It refers to the FaAA’s
fracture mechanics analysis which earlier was — portions of
that on the cam gallery area, earlier portions of that, were
deleted because in part they depended upon the TDI strain
gage data., And | wondered whether there was an oversight
and you wished to delete reference to that last sentence
now,

A (Witness Wachob) The statement that we have a
fracture mechanics model and we still believe its
conclusions are correct, the thing that has changed {s we
have now changed the crack depth to make that analysis and
you have received coples of that before. So our conclusion
is that from a fracture mechanic point of view the cracks do
not propagate.

Q This analysis you are talking about on the hottom
of page 66 does not —= is it your testimony that it does not

depend in any way upon the fracture mechanics analysis that
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is referred to in question 83 on page 62?7
A (Witness Rau) Mr. Dynner, the bottom of 46,
where are you referring?
Q The last sentence. [ thought by the way this

document {s written that on page 62 you talk about, in
juestion 83, "...a fracture mechanics analysis

was performed to evaluate fatique crack

growth of the cam gallery iIndications."

Now that’s the only place [n this testimony where
you talk about a fracture mechanics analysis performed to
evaluate the fatigue crack growth rate of the cam gallery
indications., And I think {f you lcok at that you may come
to the conclusion that that i{s what you are talking abhout at
the bottom of page 21 In the lést sentence == on page 66,
answer 91,

A Mr. Dynner, I’m confused with regard to exactly
what you are asking. I understand you want to understand
whether our statement at the bottom of 9! still stands but I
don’t understand your reference tc questlon 38, what kind of
comparison you are asking for.

JUDGE BRENNERt [ think you have jot the wrong
reference, it is not 88.

MR. DYNNER: It is question 33 on page 62.

JUDGE BRENNER: Okay.

WITNESS RAUs Mr. Dynner, if I might, I think
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your statement is not correct, thét the mention in question
91 is the only mention to fracture mechanics analyses of the
indications or the defects in the cam gallery area. They
are in fact addressed in the answer to 91 as you have
indicated, they are alsc addressed in the answer to 38,

For clarity I think I should indicate that the
reference you made to deleted question number 83 had to do
with the preliminary fracture mechanics analysis that was
based Lpon the 3/3th inch deep postulated depth, whereas the
analysis referred to currently, that (s, by juestions 83 and
9! and perhaps elsewhere hut at least those two, have to do
with the fracture mechanics analysis that was performed
after the deeper cracks were identified and which we talked
about extensively during my deposition.

BY MR. DYNNER:

Q I put to you that that [s totally impossibhle
because your testimony is dated August 14 and you didn’t
even discover the nature of the cracks and the depths of the
cracks in the cam gallery area until after August 24, So
let’s try to look exactly at what you sald iIn this testimony
on August 14,

I put to you that the only fracture mechanics
analysis regarding the cam gallery that this August 14
testimony is talking about is the fracture mechanics

analysis first mentioned on page 62, answer 83, sir.



2100 16 05

WRBagb

-~ O v & W N -

© @

10
I
12
13
14
15
16
17
18
19
20
21
22
23
24
25

24873
A (nitness Rau) That’s not true, ¥r. Dynner. W#hen
we did the additional analyses and provided the
supplementary testimony we obviously reviewed all of the
testimony which had been submitted in the initial response
in the middle of August.

To the extent that that testimony was still
precise and accurate it was left intact, and to the extent
it required modification it was supplemented by the
supplementary testimony. I would certainly agree at the
time we drafted those words we had not done the new fracture
mechanlics analyses but, as they read and as they were, I
addended or amanded by the supplementary testimony they are
completely accurate at this time, the words referring to the
fracture mechanics, the current fracture mechanics analyslis.

A (Witness Wells) I would like to add to that,
Mr. Dynmner, if I may, that our current englneering
evaluation would predict no fatijue crack propagation will
Occur under any conditions in any of the three blocks,

MR, DYNNER: I am moving to page 44 of the cross
plan, Judge Brenner.

JUDGE BRENNER: On the last one you took, the
last answer referred to the cam gallery, is that rijht,

Dr. Wells?
WITNESS WELLSt That’s correct, I was referring

to the cam galleries of the DG 101, 102 and the new 103,
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JUDGE BRENNER: Mr. Dynner,
BY MR, DYNNER?
Q Gentlemen, if you will loox to page 68 of your

testimony, you say that the replacement block for EDG 103 is
the current production model.
When was the current production model of this
block first introduced by TDI?
A (Witness dells) The pattern changes to the block
tﬁp. which is the only area that Is different at all hetween
the new DG 103 block ard the DG 101 and 102 hlocks was made

in October 1979,

Q Is that block made in a single castin3?
A As far as | am aware, yes,
A (Witness McCarihy) Excuse me, just to make sure

the record is clear, what we have been referring to as "the
block" is indeed a single casting. There is a little

di fferent makeup in terms of the number of pleces that forms
what people normally think of as an engine block in one of
these big diesels. It is not like the engine block on your
car but the block is a single casting.

Q You testified earlier that the thicker the
material in the cast iron there is less ultimate tensile
strength.

Does the fact that this block is at least a

half=inch = the block top is at least 3 half-inch thicker
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than the previous bhlock reduce the tensile strength In the
block top?

A (Witness Rau) Well to the extent, Mr. Dynner,
the casting == the original casting rather than the final
machined part were in fact thicker in that region, it might
have some small effect on the reduction in the ultimate
tensile strength.

If you look at Exhibit B-12, which we have talked
about previously, you will see that by the time you get out
into thicknesses in the order of 2-1/2, 3-3/74, 3-1/2, the
slope is pretty shallow., So we are not getting substantial
reductions in ultimate tensile strength based on small
changes in thicknesses out at that particular portion.

In addition to that, of course, the higher class
of the replacement 103 block at the higher measured B bar
strength would indicate substantially higher ultimate
tensile strengths, much in excess of the small differences
that perhaps a half-inch {n thickness might make.

Q + Ahat 1s the difference between the cold clearance
gap between the cylinder liner and the cylinder block on the
replacement 103 block as compared to the existing 192 wlock?

A (Witness Wells) The diametral clearances were
reduced both above and below the landing on the new DG 103
block.

I must emphasize this was not a2 change in the
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block but it was a reduction in the liner diameters. The
collar and the interference that fit below the liner landing
in addition to the liner collar itself were reduced in
diameter.

The block is the same dimension, both the upper
and lower pilot diameters.

Q My question was what is the difference i{n the
clearance between the block and the liner in the renlacement
block as opposed to the existing 102 block, if you know?

JUDGE BRENNER:® Are you looking for a measurement
or a description of what is different about (t?

MR. DYNNER: A measurement, the difference in the
Jap.

WITNESS WELLSs There are two gaps here,
Mr. Dynner. Let me give you the upper one first == anu this
is a radial gap, I am not going to give you diametral gap.

The current DG 10! and 102 gaps ahove the liner
landing are specified to be in a range of 4-1/2 to eight
thousandths of an Inch. That has been increased in the ﬁG
103 block to a range of seven- to ten-and-a-half thousandths
radial clearance, and those dimensions aoply to the gap
above the liner landing.

There was the same reduction in the liner
diameter and the same increase in the gap below the liner

landing. If you would like, I can read you those
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tolerances.

In the DG 101 and 102 blocks, the gap is in a
range of one-~half of one thousandth of an inch to two
thousandths of an inch.

In the replacement DG 103 block, the current
range is four thousandths to six thousandths of an inch
radially.

BY MR. DYNNER?

Q Dr. ANells, you are aware, aren’t you, that the
clearance between the liner and the block was also increased
in the R-5 engine, isn’t that right?

A (Witness WNells) Yes, that’s my understanding,
Mr. Dynmner,

Q And you remember that as a result of that
increase a piece of the liner broke off and fell into the
cylinder on the R=5, do you remember that?

A What | remember (s that the wrong liner was put
into one cylinder on the R-5 development engine which did in
fact have — result in a very large'radial 33p and a3 lack of
support, and I don’t know what else contributed to it, hut
there was a liner failure,.

Q Do you know what the 3jap was between the block
and the liner that failed in the R-5 engine?

A Again let me state that this was a liner failure,

Mr. Dymner. That had nothing to do with the liner landing
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area of the block top.

That gap I would have to dredge out of my notes
here. The dimension of an old liner and the new block pilot
diamater.

The R-5 test engine had an increase in the
diameters, hoth above and below the liner landing, of
one-eighth of one inch. Therefore the old liner would have
had an excessive clearance diametrally in this case of
one-eighth of an inch below one-sixteenth of an inch radial
33p. Therefore this particular cylinder had an extremely
loose fitting liner, one which, in my opinion, would not
have been supported at all by the block and therefore
subject to the full firing pressure and hoop stresses, the
resulting hoop stresses, without any reduction from the
support of the liner. And of course this would have
contributed to crachting and failure of the liner collar.

There was no failure of the block.
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Q Dr. Wells, was the replacement block tested
before it was delivered to LILCO?

'A I’m sure some tests were performed on {t.

What type of tests?

Q nhat s the basis for your being sure that some
tests were performed?

A Certain inspections had to be performed.

Q What inspections were performed?
Just a minute, Dr. Rau. You’ll 3ot your chance.
What Inspections were performed on the
replacement block bhefore it was delivered to LILCO?
A Nell, I am not the authority on this at all. I
am aware of visual examinations. [ am aware I think of
B Bar Properties. But LILCO obviously is the authority on
what was done in the acceptance of the block, so I would ask
Mr. Youngling to respond.
Q Well, [’m referring tn your testimony,
Dr. Nells., Maybe you can explain that on page 79, Answer
95, where you sayt
"The few changes that have bheen
incorporated into the replacement bhlock have been
tested extensively in the R-5 engine and heen shown
to he of benefit."
Can you tell me what vou mean by that extensive

testing?
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A Mr. Dynner, we’re talking about modifications to
the design, not the specific block that was dellvered to
LILCO. I thought you asked me previously whether the 103
block delivered to LILCO had been tested.

Q Yes:

A And I just ask you again in what way? The bhlock
design has been tested and evaluated and {ts integrity
confirmed in many tests, as represented by sarvice
experience In numerous other engines.

Q All right.

Nill you describe those tests to me, these
extensive tests that you’re talking about?

JUDGE BRENNER$ You two are not communicating.

r. Dynner, I think you’re goirg to waste some
time. Maybe [’m misunderstandinﬁ where you want to 3o and
if so, I apologlize.

As Dr. Wells just testified, the answer to 95 is
not directed to the particular 103 replacement block. Are
you clear on that, Mr. Dynner? He’s talking about tests on
something else, and you keep coming back, "What tests?" And
[ think you have a particular block in mind.

Nhy don’t you start ajain and see what you want
to do.

MR. DYNNER: All right.

BY MR. DYNNER?
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Q Let me refer you to page 70, your Answer 95, and
the statement from your answer that [ read to you regarding
extensive testing of those few changes, I guess.

Now could you tell me what were the extensive
tests that you’re referring to?

A (Witness Wells) We’re referring in 95 to the
evaluation of blocks that have been assembled into other
engines such as the R-5 development engine and in addition,
about 38 or 39 other blocks that have gone into service
without any known distress. That is what we meant by
tested.

I think there may be a semantic problem. Some of
these blocks have been inspected after operation, some have
not. But by "testing"-—— Perhaps a better word would have
been "evaluated."

Q All right.

" Which blocks that contained the few changes that
you have referred to did you evaluate?

A Nell, we have information confirmed by telephone
communications with operators of several enjines that have
precisely the same block top detalils as the new DG-103
block. Admittedly these are V engine designs, and the V
block differs in respect to its overall heijht, of course,
from the in-line 8 block.

As | think Dr. McCarthy pointed out, the V
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engine design consists of a shorter block with an
intermediate crank case.

Q All right.

Dr. Wells, let me interrupt for a moment just to
ask you, did you personally get this information from these
telephone conversations?

B I have not personally discussed the block top
experience with cperators of other ships or plants, hut
individuals under my supervision have done so and reported
that to me.

Q Are any of those Individuals on this panel so
they can be cross-examined?

A No, they are not on this panel.

MR. DYNNER: Judge Brenner, I am goinj to have to
move to strike the sentence that says?

"Those few changes that have been
incorporated into the replacement block have been
tested extensively in the R-5 engine and havas been
shown to be of benefit"

== on the grounds that Dr. Wells did not get this
information personally and I am unable to conduct any
affective cross-examination of the persons who received this
information, as he has testified, on the telephone.

WITNESS WELLSt May I please correct my

statement?
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I had been talking about operation of enjines
other than the R-5 development engine. We do have personal
knowledge, hecause we have reviewed the data logs. #e have
had first-hand examination of records of the R-5 enjine, as
you can recall perhaps from the piston testimony. We have
documented performance of the R-5 test engine at TDI In
Oakiand., We have similar information concerning the
structural integrity of the hlocks, the two hlocks that were
operated in the R-5 engine.

So I must ask that you differentiate hetween the
R=5 development engine history and the history of other
marine and stationary engines.

MR. DYNNER: With that clarification, and If
Dr. Wells is only talking about the testing of the R-5
block, I will withdraw my motion,

BY MR. DYNNER?

Q Now, Dr. Wells, what do you mean when you say the
concept of the deeper stud hole with the thicker bhlock top
to accommodate the deeper stud hole has heen employed by the
R=5 engine and tested thoroughly? What do you mean when you
say there that that was tested thoroughly?

A (Witness Wells) The R=5 development engine has a
deeper boss and a deeper thread placement, the same 3as the
replacement DG~=103 block. And the R=5 engine, as you have

heard before, has been operated through many thousands of
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hours at low levels higher than that of the engines at
Shoreham., It is rated at a higher BMEP and has hnen
operated for over 5,000 hours at these conditions without

any problems.

And that is what we refer to as the favorable
experience and the successful testing, adequate testing »f

this particular design detail.

Q Has FaAA conducted an eddy current examination of

C ® ~N 00U w N

the block top of the R-5 engine that you’re referring to
10 subsequent to [ts testing?
1 A [ will have to ask Dr. Johnson or Mr. Schuster or
12 Mr. Seaman for the inspection results, as to who performed
13 them and what they showed at TDI.
14 Q Well, I note for the record this is your

. 15 testimony and Mr. Taylor’s testimony In Answer 95. But go

16 ahead-lf the other gentlemen can help you.

17 A You asked I f we had performed--

18 JUDGE BRENNERt It doesn’t matter. Lat the other

19 neople answer.

20 BY MR. DYNNER:

21 Q The question was, gentlemen, so I can refresh

22 your recollections

23 Did FaAA conduct an eddy current examination of
. 24 the block top of the R-5 englne that you’re talk in; about

25 here after i. completed its test runs?
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A (Witness Johnson) This is another question,
because I think you said "or any other inspections." But we
did not conduct any eddy current tests of the block top of
the R-5 engine.

Q ‘ Did you conduct an examination by means of a dye
penetrant of the block top of the R=5 engine?

A (Witness Schuster) We did not, sir, no.

Q Did you conduct any other non-destructive
examination of the block top of the R-5 engine? 1I’m talking
about FaAA now.

kS (Witness Johnson) FaAA has not done any
non-destructive examination of the block top of the R-5
engine,

Q Nell, based upon those answers, Dr. Wells, how
can you testify that there has been no problem with the
concept of the block top on the R=-5 after it was tested?

A (Witness Nells) We are not aware of any problem
experienced i~ the operation of the R-5 hlock top whatsoever
through inspection data reports jenerated by TDI with one
exception, that there was a single ligament crack raported
on one block which was associated with the loose liner
collar that we had mentioned before.

Q You mentioned TD! inspection data, What data is
that that you’re referring to, Dr. Wells?

A Referring to the results of TDI”’s own
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1 WRBeb l Inspections, and | must ask if Dr. Johnson has the

2 documentation, or Mr. Seaman, or anybody else.
3 (No response.)

. 4 Q Hearing no one speak up, am [ to assume that you
5 don’t have the Delaval inspection data present at this time?
6 JUDGE BRENNER®* Wait. Now you’ve changed the
7 question. Let’s see what the answer (s to the other
8 question, which was what TDI inspection data.
9 MR. DYNNER: Yes.
10 JUDGE BRENNER: All right. You have no answer to
11 that question so I take it you can assume the answer to your
12 next gquestion without having to ask {t.
13 BY MR. DYNNER?

Q Gentlemen, am I rioht, you don’t know what

>

15 inspections you’re talking about at TDI? Is that right?
16 A (Witness McCarthy) The problem we’re having
17 pulling the documentation together here is that Dr. Swanger,
18 who appeared on a previous panel, is the person who went
19 over to look at the block, and we don’t have the
20 documentation here.
21 JUDGE BRENNERt That wasn’t the question, or at
22 least it wasn’t—-- He asked two questions, and that may have
23 confused you.

. 24 The question I would like answered is what

25 inspection data are you talking about the last few minutes?
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| WRBeb | We’ve got no evidence in response to questions attempting to
2 elicit that evidence as to what TDl inspections on the R-5

3 engine block is being relied upon for either the written

4 testimony or Dr. Aells”’” oral amplification of that
5 testimony.
6 NITNESS WELLSt Judge Brenner, the inspections
7 were dye penetrant inspections of the block top. Whether we
8 have that documentation here with us or not, I am just not
Y sure. [ have to go back and check.
10 We know that the work was done. [t was witnessed
11 by Dr. Swanger, and we know what the results of those
12 inspections were. But whether we can produce the
13 documentat ion=-
‘ 14 JUDGE BRENNERs I didn’t ask you that, and [
15 don’t think Mr, Dymner did initially.
16 Can I ask one clarifying question?
17 There is reference here and elsewhere in the

18 testimony to the block of the R-5 development engine. Is

19 that one block or=- [t’s a series of development test

20 enjines., Are we talking about one block, ten hlocks, two

21 blocks?

22 WITNESS WELLS®t There are two blocks. The V

23 engine of course has two, and there are another two pieces
. 24 in addition to what you would expect that result in 3--

25 JUDGE BRENNERt I knew the V engine had two



100 17 10

NRBeb

“w N

T D =~ O WV

10

12
13
14
15
16
17
18
19
20
21
2¢
23
24
25

248383
blocks. I wasn’t clear. It is just one engine? There is
only one R-5 development engine that s bheing referred to
any time you see a reference to the TDI R-5 development test
engine?

WITNESS WELLS® That’s correct, sir. The same
two blocks were involved in the complete development history
of the R-5.

BY MR. DYNNER?

Q And do | take it that FaAA and you, Dr. dells,
are relving upon this Delaval dye penetrant inspection of
the block top for your answer?

4 (Witness Wells) Yes, Mr. Dynner, we’re relying
on their inspections as witnessed by our engineer for these
conclusions.

Q And that engineer is not a member of this panel,
is that correct?

A That’s correct.
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MR. DYNNER: Well, now I am goling tc renew my
motion to strike on the basis that we don’t have anybody
here for me to cross examine about these inspections. The
‘ person is not a memher of this Panel. This is rank hearsay
as far as | can tell and {s unsupported.

JUDGE BRENNER$ Mr, Farley?

MR. FARLEY: I object, your Honor.

JUDGE BRENNER:t Go ahead, give me your reasons.

©C O O ~N O v s W N

MR. FARLEY: Under the testimony as given and the

—
—
A

rules of practice of this Commission, I think we have
J1 establ ished a sufficient foundation for the admission of

12 this particular testimony.

13 JUDGE 3RENNER: What’s the foundation.

. 14 MR. FARLEYt The testimeny that Dr. Wells has
15  given.
16 JUDGE BRENNERt You’ll have to tell me

17 particularly why.

18 MR. FARLEY®: Well, I don’t think that the witness

19 is required ==

20 JUDGE BRENNER: Let me bhack up and tell you what

21 I mean.

22 Mr. Dynner, I think, accurately summarized the

23 testimony of these witnesses. And in his view It supports
‘ 24 his motion to strike. So instead of just referring to the

25 same testimony, you’ll have to tell me why [t suoports not
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striking 1{t.

MR. FARLEY: wWell, I camot cite any other
testimony and I don’t think the motion is well-founded.
Otherwise, we would have to bring 25 people here,

JUDGE BRENNER® 1“d like to hear a little more
about what Dr. Swanger, what his involvement was that your
involvement wasn’t. Now, did Dr. Swanger do anything other
than to over to TDI and gather up their inspection reports.
Nas he involved in the inspections?

NITNESS WELLS: [t’s my understanding, Judge
Brenner, that Dr. Swanger did observe the block tops
himself.

JUDGE BRENNER: You mean the inspections cf the
dye penetrant tests of them, or just looking at the block
tops?

WITNESS WELLS: I can’t honestly say that he did
witness the inspections.

We did reveal the logs of the operation.

JUDGE BRENNER: Would I be correct in assuming
that == am [ correct that there the only TDI tests that
you’re referring to are dye penetrant tests?

WITNESS WELLSt I believe that’s correct, Judge
Brenner.

JUDGE BRENNER: Would I be correct In the belief

that such tests would not have been conducted in the stud
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| WRBpp | holes for the reasons you previously testified., That =— I

2 quess it was Dr. Johnson who testified on that.

3 WITNESS WELLS®: These tests would have been

‘ 4 conducted on the block top only, I believe,

5 JUDGE BRENNER: On the top itself?

6 WITNESS WELLS®: On the top.

7 These cracks, they exist such as the ligament

8 crack that was reported and generally can be seen on close
9 scrutiny without the aid of penetrants if oné knows what to
10 look for.
11 WITNESS RAU: [If I could add, too, Judge Brenner,
12 the examination of the llgament'cracks as well as the

13 stud-to-studs indicate their presence of the block top. And

. 14 the reliability of the visual and liquid penetrant to detect
15 the cracks present on the block top iIf, in fact, there are
16 cracks there.
17 JUDGE BRENNERt Why do you feel you should rely

18 on TDI’s test of this, given the problems in TDI’s other

19 tests such as this strain gage tesé. not one test series

20 but, apparently, two test series that you later found not to
21 be reliable.

22 I’m asking you as experts in the course of == you

23 know, forget about the legal trappings In this proceedings
. 24 as experts going about your work and trying to reach

25 conclusions. Wiy would you be willing to base some of your
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expert opinion on tests conducted by TDI given some of the
problems that you, yourselves, ascertained to some of their
other tests?

WITNESS WELLS: In my opinion, Judge Brenner, the
problems of strain gage testing Involve a much higher level
of technical expertise in electronics and in the reduction
of data which requires engineering knowledge. It certainly
requires a rather high degree of skills strictly from an
electrical instrumentation standpoint.

The obhservation of block tops whether by
penefrant or unaided by any penetrant, while I do not wish
to cast any aspersions to the nondestructive testing
community these cracks are, in fact, as visible to the eye
as the particular sample that you have seen here., If there
had been extensive cracking, If there had been more ligament
cracks or any stud-to-stud cracks =-- and recall that in
every case that we have seen or, for that matter, heard
about, these cracks do start at the top corners of the
block. Such cracking would not have escaped the careful
scrutiny of an inspector or a techniclan with a relatjively
low skill level.

WITNESS JOHNSONs 1 would like to add that the
ligamert cracks were first detected visually and that’s why
this whole rest of the more extensive nondestructive program

was put into place on the Shoreham block tops.
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that true for the

Yes, it is, your Honor,

NITNESS QAU If could a2lso add to your

question, [ also think that the nature of the reliance here

Perhaps it’s a restatement of what

But to rely upon the engine logs which

record simply the number of hours and the power levels and

-

how long they ran a certain engine with our own inspection

-= Oobservation of the fact that the engine was there and

review of those logs, and to rely upon the fact that it ran

a certain number of time -— extensive amount of time --
didn’t create any major, any operational, problems
associated with the block I think, as a professional
engineer, it’s very easy for me to rely upon that
information as opposed to detailed, technical
which might, in fact, require additional sophistication.
Dr. WNells, I believe you
testified that you thought Dr. Swanger observed the

the blocks., Does anybody in the Panel know one

other whether he saw the blocks in

1 1

100k at them., That is, without the

anything 3 1at m

ikl ¢
rAgne
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Dr. Swanger and that’s my recollection of what was done,
Judge Brenner. But under oath I cannot really say with
certainty that he did witness inspections or ==

JUDGE BRENNER: I didn’t ask you whether he
witnessed the inspections on this last guestion., [ was
referring back just Lo the pcr-tion where you said you
thought he observed the tops of the blocks. And [ don’t
know what to meke of that for two reasonst Number one, the
fact that you were tentative in the way ycu expressed it
earlier and, number two, [’m not clear what he was looking
at. #nhether he was looking at ¢n engine with everything on
it such that the heads and anything else that mijht he in
the way or, whether you were trying to tell me that he was
looking at an engine in a condition that, if he was somehody
who would recognize cracks when he saw them == and |
could diaw my own opinion on that - whether or not there
was an ahsence of obstruction such that he could see it,

HITNESS WELLS: [t’s my understanding that
Dr. Swanger dia look at the block with the cylinder heads
removed, But | really would have to confirm that with
Dr. Swanger, Judge Brenner.,

JUDGE BRENNERt: Okay.

(Board conferring.)
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JUDGE BRENNER* We agree with you partially,

Mr. Dynner. but we don’t agree that we are actually going to
strike any words, and I will tell you why, just to try to
make clear what we will not rely on the testimony for.

Ne agree with you that you have been deprived of
effective cross-examination on the point as to whether or
not there have been any cracks in the block top of the R=5
engine based on the testing performed by TDI. I tried and I
couldn’t get there also and Dr. Nells was very candid in
explaining what his basis was and we appreciate that.

However there are other things being testiflied
tos the way the written testimony was drafted in answer 95
it has not focused on absence or presence of cracks, it is
broader than that. And we are going to allow the testimony
to stand for the fact that these witnesses are testifying
that in their view there has been extensive rumning, if you
will, of the R-5 engine.

And ar,.ther reason that we would not strike it is
that we see enough of a comection and cognizance of LILCO
and FaAA with what was done on the R-5 engine to believe
that if there had been any catastrophic, obvious type things
that occurred with that engine that they would have heen
informed of it in the course of thelr inguiries and
investigations and work. As experts they are entitled to

rely on other persons.
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Mr. Farley, you are corre~t that if we carry it
to the extreme you have to bring many, many pecple in here,
However the persons, the other side of the limit is that a
party cannct be deprived of the right to cross-examine and
we believe as to the presence or ahsence of cracks that
Mr. Dynner has been deprivad of that.

I am sorry we cannot make a clean excise of some
particular words, it would be easier for us to do that, hut
you know what you cannot write any findings toward hased on
this answer at least,

BY MR. DYNNER?

Q Dr. McCarthy, does FaAA believe that EDGs, the
blocks of EDGs 10! and 102 are capable of being operated in
those engines continuously at 3500 Kw for one year without
experiencing cracking *o the extent that the operation of
those engines would be impaired, yes or no?

A (Witness McCarthy) That question can’t be
answered yes or no, at least by me.

JUDGE BRENNER:t Well can anyone answer {t yes or
no?

NITNZSS MC CARTHY: We haven’t done the analysis
but someone :2n express an opinion.,

JUDGE BRENNER: All right, 2s part of the answer
you explain why it can’t be answered yes or no, presumably

we will hear that as part of the explanation.
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WITNESS MC CARTHY: We haven’t analyzed a year at
3500 Kw operating experience. The test of the GDC 17 and
the criteria we were looking at {s can the blocks perform
effectively the requirements of supplying on-site power for
seven days in the load profile of loop LOCA. That is
unguestionable.

Now whether I would go on for an additional year,
if any of my colleagues have an observation...

BY MR. DYNNER?®

Q Dr. McCarthy, have you performed an analysis —-

MR. DYNNERt [ am sorry, I was asking the
questions of FaAA specifically. I think I know what LILCO
thinks. I am exploring FaAA and FaAA’s analysis now.

JUDGE BRENNER: All right. You don’t want an
answer from LILCO?

MR. DYNNERt No, sir, I don’t need that answer,

JUDGE BRENNERs All right.

MR. FARLEY: I think Jr. Youngling ought to be
permitted —

JUDGE BRENNER: wWell you do it on your redirect
time I suppose is what Mr. Dynner has in mind and | agree
with him.

BY MR. DYNNER?

Q Dr. McCarthy, am I correct then that you, FaiA,

has also not done an analysis which would allow it to come
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I  WRBagb | to a conclusion that the EDGs with the EDG 101 and 102
2 blocks are capable of operating at 3900 kilowatts for two
3 hours In any 24-~hour period over a one-year period, is that
‘l' 4 right?
5 A {(Witness McCarthy) If I understand your
6 question, which is as I understand ittt two hours out of
7 every 24 hours for a 365-day year continuously, once again
8 the answer is no.
9 Q And Dr. McCarthy, do [ understand FaAA’s position
10 tc be, In effect, a guarantee that none of the EDG blocks
1 can possibly fail during a loop LOCA?
12 MR. FARLEYt I object to the form of the
13 question, speculation and conjecture.
. 14 it 1s not the right criteria., "Possibly,”

15 anything is possible.
16 JUDGE BRENNERs All right. Why don’t you
17 rephrase [t?
18 I missed your initial point, Mr, Farley. Now
19 that you have clarified it, I agree with you.
20 BY MR. DYNNER®
21 Q Does FaAA guarantee, in effect, that the blocks
22 oen EDGs would not fail during a loop LOCA?
23 MR. FARLEY®s Same objection.
‘ 24 MR. DYNNER: [ am probing the extent of their

25 certitude as to the — and I think that {s perfectly valid
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to do. I haven’t asked him to speculate in any guestion.
JUDGE BRENNERt All right. Let’s make “elieve
that their answer to your question is anything Is possible,
and now why don’t you go on to ask what you have to ask next
in order to prove their certitude.
BY MR, DYNNER?

Q Given the fact that anything Is possible, is
FaAA assured —- has it assured i{tself that the EDG block
will not fail during a loop LOCA?

A (Witness McCarthy) Applying our normal
professional standards and understanding the gravity of the
situation, the importance to public safety of the operation
of these engines and the conservatism that all of these
dictate In the analysis, we have as much confidence in these
predictions as I think science permits and the sum total of
our engineering skill allows. #We are highly confident, we
would not be here in no small part, staking the reputation
of the firm on our predictions -- as you do any time you
make a prediction of this gravity and this visibility - you
can he sure we wouldn’t be here unless we felt very good
about these predictions.

JUDGE BRENNERt Well I don’t know, you might bhe
here for Suffolk County.
(Laughter.)

Go ahead, Mr. Dynner. I’m just kidding.
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BY MR. DYNNER?

Q Let me shift for a moment and ask you to take a
look at your supplemental testimony.

JUDGE BRENNER:® Mr, Dynner, I just wanted to let
you know we do want to adjourn promptly at 5:00, not 510i,
S0 keep an eye on the clock and pick a convenient time.

MR. FARLEY®* Judge Brenner, if I may, in
connection with that, Mr. Ellis is here and I think he has
something to report.

JUDGE BRENNERt: I don’t want to take it now. We
have been talking about taking other things all week and we
have been here. We can pick up whatever he wants to do in a
future session, presumanly.

Is it in relation to the agreement on the heads?

MR. FARLEY® Yes, sir.

JUDGE BRENNER$: Somebody could provide a written
agreement to it at our offices tomorrow or Friday, Friday
would be acceptable. And then any oral presentation that
you feel is necessary could be accomplished at tha next
convenient time for him.

I had assumed we would be given somethiny to read
in advance before an oral presentation In any event.

Go ahead, Mr. Dynner.

MR. DYNNERt Thank you.

BY MR. DYNNER?$
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Q Can you describe in what mamer you bel ieve that

the cam gallery cracks would be bathed in oil after initial

engine start-up?

This is your testimony, Doctors Rau and WNachob,
on page six, answer nine,

A (Witness Rau) I’m not sure what kind of detail

~ O v A w N

you want, Mr. Dynner, but hasically the cam gjallery area

and, in particular, the saddle area of the cam gallery =--

c @

the cam shaft support, which is where these indications
10 -=- and the subsequent destructive examination has confirmed
A1 there are shrinkage cracks =-- is a reglon which is oiled, {if
12 you like, during operation. The oil is pumped into that
13 region and, if you like, bathes or coats in a continual way
' 14 these regions. So it is not a reglon which is oiled once
15 and then left alone.
16 Q Nell is there a continuous flow of oil into that
17 region?

18 A Yes.
19 Q what kind of o0il?
20 A It is a dies2] lubricating oil. I don’t have the
21 chemical composition and stuff in front of me but {t is a
22 conventional lubrication oil.
23 Q Have you ever examined —
. 24 A Mr. Youngling may have the specific designation,

25 if that is important to you.
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Q Have you ever, Dr. Rau, examined the chemical
composition of this conventional diesel lubricating oil?

A Yes.

Q Nhat is it, do you know?

A I don’t have it memorized, no, sir, it is a
hydrocarbon lubricant., Perhaps Dr. Wachob remembers more
than I. He also examined it.

Q Does it have anything added to it?

A I don’t know what you mean, What do you mean,
added to (t?

Q Is there anything in the lubricating oil heside
plain old, conventional lubricating o0il? Are there any
additives?

B (Witness McCarthy) Once again in deferring to
Mr. Youngl ing, who will have exact knowledge, typical
lubricating oil will have added to it arnti{-oxidants and
anti-foaming what are called detergents. [t works like a
surfactant to cut down foaming iIn the oil. These would be
components in this oil.

Q Do you know that for a fact, Dr. ¥cCarthy, that
this particular lubricating oll has that additive?

A [ would be mildly flabhergasted If it did not.

Q Do you know it? Do you know {t? 1It’s Yes or No,
either you know it or you don’t.

A I have not done a chemical analysis of the
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specific oil used. I don’t think oil.... Well, I would not
know where to go purchase oil without it for this purpose.

Q But you didn’t analyze this particular oil, did
you?

JUDGE BRENNER: He answered that particular one.

MR. DYNNER: All right.

BY MR. DYNNER?

Q Mr. Youngling, everybody is looking to you to
help us out on this one.

Can you tell us whether there {s any additives to
this particular oil that Drs. Rau and Wachob say bathes the
cam gallery cracks?

JUDGE BRENNERt Mr. Dynner, is there a particular
additive you’re Interested in? We can shorten things up if
you asked about it.

MR. DYNNER: [ just want to know if there is an
add;tive. I don’t know. I’m asking this panel who is
giving this testimony, and some of them vho haven’t given
this testimony.

WITNESS RAUs Mr. Dynner, if you have something
specific in mind=-

JUDGE BRE!.JERt All right. We’ve tried that.

MR. DYNNER: It {s the Judge’s joh, Mr. Rau,

JUDGE BRENNERt Let’s ses what Mr., Youngling has

to say.
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NITNESS YOUNGLINGCt The lubricating oil meets the
requirements of the TDI Instruction Manual, Appendix No. 6,
wnich is Suffolk County Exhibit Number 9. It is a Grade 40
. oil.

In addition, at the recommendation of FadAA and
Dr. Pischinger, as we testified earlier, he has recommended

a high detergent oil which has now heen placed into the

engine, a higher detergent oil.

© WD =N O v b w N

BY MR. DYNNER?

e
-
~

Q N#hat kind of oill is that by grade, if you can
A1 specify for me, Mr. Youngling?

12 JUDGE BRENNER® Wait a minute. 1I’m sorry. I’m
13 losing the materiality of this., [ thought you were

‘ 14 interested in the oil that was used in the oil 103 block.
15 Am [ wrong?
16 MR. DYNNER: No, that is not correct.
17 JUDGE BRENNER: Okay, I’m sorry.
18 MR. DYNNER: The testimony that [’m referring

19 t0see. Well, all right. 1I’m interested in hoth, for

20 obvious reasons.

21 BY MR. DYNNER?

22 Q First of all, what oil--

23 JUDGE BRENNERt Wait, Why are you interested in
. 24 oil that will be used or is used in the engine after the

25 examination of the layers on the cracks? [ take it.... Why
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don’t you tell me the materiality?

carrect.

MR. DYNNERt 1I’m sorry, I misspoke. You are

I am interested in the 0il that was usad in the

original EDG-103 engine.

JUDGE BRENNER: We all want to find out what

caused the oxidant == the layer and when it was there.

Right?

MR. DYNNER: Yes. [ thank you for that

correction, Judge.

NITNESS YOUNGLING: Okay. The oil in the

original engine met the requirements of the Instruction

Manual that I cited.

Q
said?

c > ©O > O >

0il?
A
of me, no,

Q

BY MR. DYNNER?

And was that the Grade 40 0il? Is that what you

(Witness Youngling) Yes, AC Viscosity Grade 40,
Is there a particular brand that was used?

Ne used Mobil Delvac.

And did it have an additive in (t?

Yes, but I can’t cite them,

You don’t know what kind of additive was in that

No, not without having the spec sheets in front
I can’t cite those.

Do you know whether there was any additive at
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A As Dr. McCarthy testified, I would be surprised
If there weren’t additives. But again I ran’t tell you
without the spec sheets., I just don’t have those facts in

my head.

Q Does anybody nn this panel know— As opposed to
speculating or guessing or having an educated qguess, does
anybody on the par,el know for sure whether or not there was
an additive in this oil that would have retarded or
protected against corrosion, or oxidation, I should say?
Does'anyone know for sure?

B (Witness Rau) The oil itself protects ajainst
oxidation, Mr, Dynner. [ don’t understand what you mean.

Q My question {s not that, because there is going
to be some testimony on that {f there Isn’t already. I’m
asking about additives.

(No response.)

I take your silence to mean nobody knows fo:
sure.,

Will someone please say that’s correct?

A (Witness McCarthy) Mr, Dynner, I am almost
certain that you have to specify additive oil if you are
g0ing to run the bearings of the type that are being run on
the comnecting rod. Otherwise you will risk oxidation

reactions pulling the coopper out of the alloy.
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I would have to check that but [ have a very high
degree of confidence.
Q [ specifically said I would like an answer to the
' questiont Does anybody know for sure? [ told you that I’m
not interested in educated guesses or speculation.
JUDGE BRENNERt They don’t know for sure,
MR. DYNNER: Then [ assume that the answer |is

nobody knows for sure,

€ @ ~N O U b w N

JUDGE BRENNERt®* They don’t know for sure, by the
10 way you’ve defined that term,
11 MR, DYNNERs Yes.

12 BY MR. DYNNER®

13 Q Now, Dr. Rau, you were about to say that you
‘ 14 think=-

15 JUDGE BRENNERt Now we may later find that what

16 they know is good enough for us, but that’s another story.

17 I just want you to get on to the next gquestion instead of

18 having us sit there while there’s silence.

19 BY MR. DYNNER?

20 Q Is it your testimony, Dr. Rau, that oll would

2l retard oxidation even without an oxidating retardant

22 additive?
23 4 (Witness Rau) Yes.
. 24 Q Wwould it prevent oxidation?
25 A You will have to define the limits, It is going
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to retard it to such an extent that compared to oxidation
at, say, 1,000 degrees Fahrenheit, it is virtually
preventative, but obviously individual molecules of oxygen
can still react with {ron on the surface if there is oxygen
in the oil.

Q So if all vou had in there was some Grade 40 ASE
Mobil oil without any additive, you might have some
oxidation over some period of time. Is that right?

A You’ll have to be a little more specific,

Mr. Dymner, with regard to temperatures and times., But the
answer, in a very, very general sense, is you might get some
oxidation unless you are at absolute zero in temperature,
But whether i{t’s significant, whether anybody can measure |t
or see it is a whole different issue,

MR. DYNNER: I have no further questions at this
time.

JUDGE BRENNER: Okay.

As | said, you can tell us on Monday morming when
we continue, which will be at 10830, If you In fact chanje
your mind and have more questions up until the noon lunch
break. If you know you are goinjy to have more questions {t
might be courteous for you to tell the other parties, hut I
am not going to require that,

Does the Staff have any idea how %uch it has of

questions for this panel? If you don’t want to answer now,
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that’s okay, but If you have some idea I would like to get
it.

MR. GODDARD: Probably one to two hours.

JUDGE BRENNER®* Mr. Farley, do you have any ldea
on redirect? If you don’t know that’s okay. I was just
wonder ing.

MR. FARLEY: [ don’t know, Judge Brenner.

JUDGE BRENNER: Okay. We will probably ask you
on Monday morning.

MR. FARLEY: 1I’11 know then,

JUDGE BRENNER: All right.

We have a few minutes. If you have the written
settlement agreement document, is that what you wanted to
do, Mr. Ellis? Why don’t you just give us the written
document? [ would like to read it before we hear any
discussion of it, And then whenever it is convenient to you
or whoever else wants to do it on any day when we’re here In
the future, we can come back to it.

MR. ELLISt Yes, sir. I had three things [ was
30ing to give the Board {f | may.

One was the cylinder head agreement that has been
signed by all the parties now.

JUDGE BRENNERt All right.

MR, ELLISt The second was just the SNRC letter

and the FSAR change that you would ordinarily get in the
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mail that I will give you here for convenience.

And thirdly, the piston supplemental testimory
involving the polishing in the boss area. And | hope all
this won’t be necessary. We are going to try to settle the
pistons with the County as soon as Mr. Dynner has an
opportunity to turn his attention to (t.

JUDGE BRENNER: Okay.

[ didn’t know you were going to have testimony in
the latter category. [ remembher the bases as to why you
might. I just didn’t know what your declsion had been on
that,

All right, we will take all that now, and while
you’re doing that, we will recess. And I hope everyhody has
a more relaxing time the rest of this week and over the
weekend than they probably have had this week so far.

We will resume at 10830 a,m, on Monday morning,

(Whereupon, at 4350 p.m,, the hearing in the

above-entitled matter was recessed to reconvene at

108300 a.m,, Monday, October 29, 1984,)
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