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UNITED STATES OF AMERICA
NUCLEAR REGULATORY COMMMISSION
BEFORE THE ATOMIC SAFETY AND LICENSING BOARD
________________ :
In the matter of: s
LONG ISLAND LIGHTING COMPANY : Docket No. 50-322-1 (OL)

(Shoreham Nuclear Power Station):

State Office Building,
Veterans Memorial Highway,
Hauppauge, New York.
Thursday, November 1, 1984,
The hearing in the above-entitled matter was

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

BEFORE:
JUDGE LAWRENCE BRENNER, Chairman,

Atomic Safety and Licensing Board.

JUDGE PETER A. MORRIS, Member,

Atomic Safety and Licensing Board.

JUDGE GEORGE A. FERGUSON, Member,
Atomic Safety and Licensing Board.

(Not present.)
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APPEARANCES:

On behalf of the Applicant:
E. MILTON FARLEY, III, Esq.
TIM ELLIS, Esq.
Hunton and Williams
700 East Main Street,
Richmond, Virginia 23219
On behalf of the Nuclear Regulatory Commission Staff:
RICHARD J. GODDARD, Esq.,
ROBERT G. PERLIS, Esq.
Office of the Executive Legal Director
On behalf of the Intervenor, Suffolk County:
ALAN ROY DYNNER, Esgq.
JOSEPH A. BRIGATI, Esq.,
Kirkpatrick, Lockhart, Hill, Christopher
and Phillips,
1900 M Street, N. W.,
Washington, D. C. 20036
On behalf of the State of New Ynrk:
ADRIAN JOHNSON, Esq.,
Assistant Attorney General
NYS Department of Law,
2 World Trade Center,

New York, New York, 10047
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PROCEEDINGS
JUDGE BRENNER: Good morning.
Whereupon,
ROGER LEE MC CARTHY,
HARRY FRANK WACHOB,
CHARLES A. RAU,
EDWARD J. YOUNGLING,
CRAIG K. SEAMAN,
DUANE P. JOHNSON,
and
MILFORD H. SCHUSTER
resumed the stand and, having been previcusly duly sworn,
were examined and testified further as follows:

JUDGE BRENNER: If there are no preliminary
matters, we are prepared for you to complete your follow-up
questions, Mr. Dynner.

Did you have something, Mr. Ellis?

MR. ELLIS: Judge Brenner, you may want to delay
this, but I am prepared to advise the Board on what the Long
Islaud Lighting Company proposes to do. We had a meeting
last night and I would like to be able to advise the Board
at your earliest convenience, so I can begin working on it.

JUDGE BRENNER: I think it would be better to

finish this panel. Why don't you just give us the bottom

line, and then we'll come back to the details at a time
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2 Did you want to leave today, Mr. Ellis? 1Is that
3 part of the consideration?
R MR. ELL1S: Yes, sir, but I can leave much later

today, so I could come back at whatever time would be more

w

6 convenient for the Board, so it can finish this panel.

7 JUDGE BRENNER: I guess I would like to try to

8 finish the panel. If it turns out that for other reasons

9 you want to leave, come back and tell us and then we will

10 take it up, but why don't you give us the bottom 1li e if you
11 can in a sentence or two, and then I'll think about that.

12 And then we'll come back for the details.

13 MR. ELLIS: In a couple of sentences, the company
14 believes that the record should reflect the actual loads and
15 should have the benefit of the tests, and that the record,

. 16 if it is supplemented and reopened for that purpose will

17 then still permit the Board to find either at 35 or 33, and
18 therefore, LILCO has proposed a very limited reopening for
19 crankshafts and a very limited supplementation for blocks,
20 and if pistons are not settled, it will for pistons as well.
21 And I am prepared to tell the Board what the
22 boundaries or limits are of the supplementation and
23 reopening, and I am prepared to tell the Bocard what kind of
24 a schedule LILCO believes should be considered.
25 JUDGE BRENNER: Have you discussed all this with
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the other parties?

MR. ELLIS: Yes, sir. Rut I think in fairness,
Mr. Dynner has not really had an adequate opportunity to
consider it and react. He was cross-examining yesterday,
and then we had the meeting last night. And I just wanted
to advise the Board of that, and he may wish to have a
longer period of time to react to it.

JUDGE BRENNER: All right.

Why don't you all see if you can make some time
to discuss it further during the lunch break and maybe we'll
permit a little bit of additional time. And let's see where
we are in terms of this proceeding so you will know whether
it is reasonable to expect you to take up this other subject
during the lunch break.

All right, Mr. Dynner. You had estimated, if I
recall correctly, and please correct me if I'm wrong, that
you had about 45 minutes left. And at the time you told me
that I thought that was a long time, and I certainly hope
that that's the outside limit, and that you can complete in
that time. I know you are going to try. And why don't you
begin now?

MR. DYNNER: Thank you, your Honor.

RECROSS-EXAMINATION (Continued)

BY MR. DYNNER:

Q This question is directed to the FaAA witnesses.
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Since October 12th, 1984, have any physical
changes been made to the section samples from the original
EDG 103 block that Dr. Anderson inspected at FaAA on that
date?

A (Witness Wachob) FaAA has made one physical
change. That physical change was on Section D-1, which was
cut with a saw. And that was the only physical change of
any of the pieces that exist.

Q Can you describe the physical change precisely,
please, tc this Section D-17?

A D=1 is a fracture -- half of a fracture that we
have taken from the cam saddle 7 position, and approximately
a quarter inch was -- a quarter was cut off of that piece.

Q Why?

A This was for the superprobe/microprobe analysis
to get it in the equipment.

No other physical changes have occurred.

Q And other than the microprobe of that quarter
inch corner there were no other examinations that were
conducted since October 12th that you're relying on. 1Is
that true?

A There has been no additional metallography or
fractography performed since that date.

Q My word was "examinations." Are you trying to

limit my word?
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The pieces that were even brought into the court

were obviously looked at, so that's a visual examination.

Q

Okay.

And had the samples with the circumferential

cvacks in them been subjected to a ligquid penetrant

examination prior to October 12th?

A

Yes, they had. I believe Dr. Johnson may be abie

to tell you the exact date. I don't remember exactly.

Q

I don't need the exact date. Thank you.

What is the pressure of the jacket water in the

EDGs during their operation?

A

10 to

(Witness Johnson) The normal operating range is

30 pounds. We normally see operation at about 25

pounds.

Q

A

Q

By "pounds" do you mean psi?
Yes, si-, pounds per square inch.

Mr. Youngling, what are the factors that cause

the psi of the water to vary from 10 to 30?

A

pump,
Q

Restriction in the system, performance of the
temperature of the water; very slight, though.

During shutdown, what is the water pressure in

the system kept at?

A

Q

A

Do you mean in standby service?
Yes, sir.

There is an external keep-warm pump that
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maintains the circulation flow, and the pressure is
approximately 2 pounds, maybe a little less.

Q Why is the low-level coolant alarm set at 20
gallors?
A That alarm point is selected in order to maintain

sufficient head on the pump to ensure adequate performance
of the pump.

Q If the alarm goes off, indicating-- If the
low-level alarm goes off, is there an automatic system which
feeds additional water into the EDG water circulating
system?

A The makeup capability is not an automatic feed,
it's a manual action. The alarm signifies to the operator
low level. He has to go down and open the valve.

However, there is certainly ample time to do
that.

Q You say he has to go "down" to open up the
valve. Can you tell me normally where is the operator
located in relation to the valve that he would have to open?

A When the engines are operated, we keep a man in
the room with the engines, but in a LOCA event it is
entirely possible that there would not be an operator in the
room, so he would have to go down to the engine room and

open the valve.

Q When you say he would go "down," do you mean he
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would be in the--

A Well, he could be in the control room, he could
be somewhere else in the plant, and he would have to be
dispatched to the room.

Q What is the capacity of the makeup reservoir?

A The makeup source is demineralized water. We
have a storage tank of demineralized water which has a
capacity of 100,000 gallons.

We also have a cross-tie where we could if we had
to use condensate which has a storage capacity of 600,000
gallons.

JUDGE MORRIS: Mr. Dynner, are you leaving that
sub ject?

MR. DYNNER: If you have a question, please go
ahead, sir.

JUDGE MORRIS: Well, I did have one quickie.

Mr. Youngling, do you know the inventory of water
in the cooling system during normal engine operation?

WITNESS YOUNGLING: Yes. I don't know the
precise number, Judge, but I believe it is approximately 200
gallons, somewherc in that range.

JUDGE MORRIS: Thank you.

BY MR. DYNNER:

Q Mr. Youngling, how much water is in the jacket

water system in the engine itself?
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I'm sorry if that was just asked, because 1 was

conferring and didn't hear the answer.

A (Witness Youngling) Yes. I don't remember the

exact number but it is approximately 200 gallons.

Q Dr. McCarthy, I believe you made a statement
yesterday to the effect that you thought about four gallons
of water per hour are blown into the lube oil from the
combustion chamber during operation. 1Is that a correct
summary of what you said? And if not, please correct it for
me.

A (Witness McCarthy) I indicated that a minimum
calculation for engines designed of the era of these engines
would be four gallons per hour of water vapor in the gaseous
blow-by past the piston rings.

TDI has estimated that number at nine gallons an
hour.

Q So that is water vapor blow-by which would then
go intc the exhaust. Is that correct?

A No. About 99 percen. of the exhaust products <o
out the exhaust. Approximately one to two percent blows by
the cylinder rings, goes into the block, and then is, in a
very real sense, scrubbed as in a spray scrubber by the
engine oil in the crank case.

Q What happens to this water vapor when it is

scrubbed?
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A Well, some of the water vapor will go out the
crankcase vent. Other will be condensed in the crankcase by
contact with the cooler walls and the cooler oil, but
because of the elevated temperature of the oil, will have a
high vapor pressure and will cont.nue to condense --
cortinually condense and evaporate off through the crankcase
vents.

Q You said this was a calculation you made. Was it
based upon actual measurements of the EDGs at Shoreham?

A No, the actual number for Shoreham was obtained
from TDI.

My calculation of a lower bound of four gallons
was based on SAE Nomograph SB494, which was published in
1981, dealing with diesel engine oil consumption and
specifically their parameters for large diesel engine piston
ring blow-by, and I used that as a lower bound.

TDI claims the number for their engine is nine
gallons per hour.

Q Mr. Youngling, does the TDI Operating Manual or
other governing manuals for the operation of the EDGs permit
water in the lubricating oil in the engine?

A (Witness Youngling) Yes, it does.

Q How much water is permitted in the lubricating
oil?

I think you testified, or someone testified that
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there were 700 gallons of lube o0il -- is that correct? =-- in
the EDGs?

A Yes, that's the right number.

Q How much water is permitted by the operating

manual in the lube oil system?
A I would have to look.

JUDGE BRENNER: Mr. Dynner, if I might?

I take it that that figure-- I don't think it
was exactly 700 gallons yesterday, but whatever the figure
was, about 700 gallons of lube oil, that is per engine. Is
that right, Mr. Youngling?

WITNESS YOUNGLING: Yes, Judge.

JUDGE BRENNER: Is there any interconnection at
all between the lubricating systems or water cooling systems
among the three engines once the respective fluids are--
Well, let me stop the gquestion right the:e.

WITNESS YOUNGLING: No, there are no
interconnections; which is consistent with the separation
criteria.

MR. DYNNER: While Mr. Youngling is looking, if I
may just ask a follow-up question for you, Dr. McCarthy:

BY MR. DYNNER:

Q As a result of the process that you have
described concerning the four to nine gallons of water, as a

result of that process, how much water actually enters the



2150 01 11

WRBeb

oW

o ® 9 o

10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25

25496

lubricating oil in the system?

A (Witness McCarthy) That question can't be
answered by a simple number because water is continually
entering the lubrication oil that is directly below the
crank in the sump and evaporating back into that space and
being let out the crankcase.

I don't recall the steady-state operating oil
content specification but there is a steady -- which is what
the TDI manual addresses, is the steady-state water

content that it is very difficult to push the level below.
There is water in all internal combustion
operating oil, and that is the primary purpose for the
anti-acids because there is also sul fur and other blow-by
products in all lubricating oil, and you have to neutralize

that.

Q Well, then, Dr. McCa.thy, you are not suggesting
by your testimony that the four to nine gallons of water per
minute that you have talked about would exceed -- per hour
would exceed the permitted amounts set by the TDI Operating
Manual, are you?

A It couldn't, by definition, since there is no way
to operate the engine without blow-by somewhere in that
range. I only mentioned the numbers because it puts the

possible consequences of a weepage from some sort of crack

or leak in perspective because of the volume.
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Q Mr. Youngling, if you need additional time to
look, I will proceed with some other questions to the panel.

A (Witness Youngling) Yes, Mr. Dynner. I don't
have the information here. I do not have the manual here,
su I can't give you that information until I get that
manual.

Q Do you have the County's exhibits? There was a
bunch of them put on the table and--

A Yes, I gave them back to you last week.
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A A day or two.

Q Dr. Rau, am I correct that ycu testified
yesterday that the stress on the first thread of the stud is
about two and a half times lower than the stress at the
block top? 1Is that a correct statement?

A (Witness Rau) That's not precisely correct,

Mr. Dynner.

Q Please correct it for me.

A I don't recall my precise words but basically I
indicated that the stresses at the block top compared to the
stresses in the block at that thread where the first thread
of the stud loaded up the thread in the block was greater
than two and a half times or less than two and a half times
lower.

Q And can you tell me what the stress is at the
point of the first thread in the stud in Ksi, approximately?

A Only approximately -- I don't have the results in
front of me. My notes indicate that it wculd be three to
five Ksi, that's the range of stress. Again, that's a
con. ervative number from the conservative fine element
analyses.

Q It's true, ien't it, that the first thread of the
stud is lo. ‘ted something less than two inches below the

top of the block: isn't that right?

A The first thread in the block is about an inch
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details. Yes, it doesn't extend beyond that ledge. That's
a horizontal ledge. It doesn't extend beyond that on the =--
well, on what is no longer the counterbore on the cylinder
hole in the block.

Q My question was is, has there been any ligament
cracks that actually extended into the liner landing ledge
itself?

A (Witness Johnson) There have not been any
ligament cracks which extended at the counterbore below
the ledge.

Q That's not my question. I said have there been
any cracks that extended onto the landing ledge itself?

MR. DYNNER: I'm going to have distributed and
ask to be marked for identification as Suffolk County Diesel
Exhibit 79.

JUDGE BRENNER: That's the right number. Why
don't you tell us what it is?

MR. DYNNER: Yes, sir.

This is a document consistenting of five pages.
The first page is entitled at the top, "Eddy Current
Examination Report." It is stamped over, "Preliminary
Report." And on the next page, again, "Eddy Current
Examination Rer .t, Item Inspected DG 103 cylinder block."

It is dated 9-12-84 and in one of the blocks it says, "see

attachments." And attached to that document the third page
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is a schematic drawing. At the bottom it says, "Cylinder
Number 4, stud number 7." The following page also is a
schematic drawing and it says, "Cylinder number 5, stud
number 2." And the last page says, "Crack lengths to scale
of 1 equals 1 inch," it looks like.

BY MR. DYNNER:
Q Can any of you identify this report?
Dr. Johnson?

A (Witness Johnson) Yes. This is an eddy current
inspection conducted on the segment of the old DG 103 block
which was returned to -- which was delivered to the FaAA
laboratory and this inspection was conducted in the
laboratory.

Q Thank you. If you would turn to the last page,
can you explain to me what the schematic drawing means
where you see the line and the label that says, "Crack
extends on land?"

A I believe that means that the eddy current -- we
had an eddy current indication that extended onto the land
but did no extend over the land.

Q Did you do any further examination of this sample
which either confirmed or failed to confirm this eddy
current indication of the crack on the landing ledge?

A I believe that would be also a penetrant

inspection of the same area.
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Q Atl right. My question is did it confirm the
existence ¢f the crack extending onto the landing or did you
find that this eddy current and the other examinations were
== did not confirm that fact?

N I wili have to 'ook at the reports and see if it
was confirmed to go onto the land or not.

Q Anyone on the panel, so far as you know, is there
anything which shows that this document is incorrect?

Dr. Rau =--
MR. DYNNER: I hear no response, your Honor.
BY MR. DYNNER:

Q Dr. Rau, have you personally examined the cam
saddle areas number 2 and number 8 on the replacement 103
block?

JUDGE BRENNER: Let's back up for a second,
Mr. Dynner, I wasn't positive where you were going to go
with this and I didn'‘ want to mark a lot of documents
unnecessarily. But now that you have adduced what you have,
we will have it marked for identification as Suffolk County
Exhibit 79 and I guess we can call it FaAA eddy current
report of original -- Septembar 12, 1984 FaAA Eddy Current
Report of Original 103 block.
(Whereupon, September 12, 1984
FaAA Eddy Current Report, etc.

was marked as Suffolk County

Exhibit No. 79 for identification.)
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Q It's true, isn't it, that these finite element
analyses which regarded the circumferential cracks did not
use any strain gage data at all; isn't that right?
A Yes. The finite element analyses are just that;
that's correct.
Q Thank you.

Did you later attempt to confirm your finite
element analyses of circumferential cracks by carrying out
strain gage testing?

A No, Mr. Dynner, that has not been done. We did
not believe that was necessary.

Q You did so, in fact, in the case, for example, of
the finite element analyses on the pistons, didn't you?

A I have no detailed information on what was done

on the pistons. Perhaps somebody else does.

Q Anyone on the panel can answer that.
A (Witness McCarthy) Yes. The infinitely more
complex geometry of the piston was -- that model was

verified by finite element.

It might be pointed out that T was talking about
the overall geometry of the piston. The circumferential
land area is a simple part of the block geometry whereas the
piston model was of the entire piston. The block is still a

more complex entirety to model than a piston.

Q Dr. Rau, your finite element analyses did not
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take into consideration any residual stresses that might be
in that area, did they?

A The finite element analyses themselves,
Mr. Dynner, obviously did not include the residual
stresses. I've indicated previously that the results of
those finite element analyses suggest very large stresses
concentrated right at the sharp corner between the
counterbore and the liner land. The magnitude of those
stresses would produce localized plasticity during preload
and operation such that if there were any residual
stresses at that location they would dissipate or shake down
as it is sometimes called, so there would not be any
substantial residual stresses at that location where
circumferential cracks initiate even if, in fact, there were

any there to begin with.

Q Did you make any Goodman diagrams for the issue
of the initiation of the circumferential cracks?

I No, sir.

Q Thank you.

What maximum firing loads did your finite element

analyses assume in the EDGs in this analysis?

A Are you referring to considerations of
circumferential crack locations?

Q Yes.

A The analyses were performed with a firing
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WRBpp 1 pressure of 1670 psi. As I've indicated before, the finite

2 element analyses are linear, and the corresponding stresses

3 associated with any higher or lower firing pressure could be

B computed, if you like, scaled from the calculations that
' 5 were performed. I would also like to indicate that with

6 regard to fatigue initiation it is, in fact, the average

7 firing pressures which are relevant and not the maximum

8 ones. If sometimes the firing pressures might be slightly

9 higher than 1600, sometimes they may be slightly lower. In

10 general, the average firing pressures are considerably below
11 the 1670. And they're the ones, on average, which would
12 control the fatigue cracking if, in fact, it were to occur.
13 Q You said fatigue initiation. 1Is what you just
14 tesitified also true for propagation of an existing
15 circumferential crack?

’ 16 A Yes, sir, it would be the average pressures.
17 Again, the cracks, if they were there and if they were
18 growing would grow slightly faster when the stresses were
19 higher and the stresses would be slightly higher if the
20 pressures were slightly higher. But there would be
21 corresponding times when the pressures were slightly lower,
22 the cracks would grow slightly slower and on average it's
23 the average pressure that would control the rates of crack
24 propagation if, in fact, they were to progress.
25 Q Well, when you said you used 1670 psi, did you
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derive that from some other analyses other than the analysis
that you performed on the circumferential cracks?

A That's not a derived number, Mr. Dynner. Perhaps
someone else on the Panel would like to comment. That's a
very conservative comment of the average firing pressures
and, in fact, more respresentative of the maximum firing
pressures. But it was a number which was not derivad but
basically was derived from analysis of the engine not from
analysis of the finite element work.

Q Well, how did you calculate that the stress
resulted from those loads, from those firing loads?

A That's precisely, Mr. Dynner, what the finite
element analysis does. Each on the -- the finite element
analysis breaks the area of concern up into a little erector
set-type elements and within each element there are nodes
and integration points and the finite element takes --
excuse me, the finite element analysis takes the applied
icads to the engine which is modeled and computes the
stresses at each location, each integration point within in
each element throughout the structure which is being
analyzed. And it's a direct output from the computer
calculation. The finite element model.

Q I'm interested in comparing the finite element
analyses basis that you used for circumferential cracks with

the finite element analysis that you used in connection with
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the block top cracks. And I note, and I would like you to
comment, for example, on the fact that on page 44 of your
prefiled testimony you indicate the finite element analysis
were used to get stress values, which are used to determine
possible mechanisms for crack initiation. And then later on
on pages 45 and again on page 47, you point out that those
finite element analysis in the block top were then used to
get Goodman diagrams and you emphasized that they are useful
for the purpose of determining whether crack initiation is
poesible. But they do not predict rates of crack
propagation.

Why wouldn't the same standards hold true for the
finite element analysis that you performed on the
circumferential cracks?

A Okay, Mr. Dynner. I think you are
misrepresenting the testmony. The passages you have
paraphrased led to the impression that the finite element
analysis results would not be useful for crack propagation
where, in fact, what was said that the Goodman diagram
representation which is based, in part, upon the finite
element results could not be used directly to predict crack
propagation.

Now, with that statement, there's really no

significant difference, let's say, ao basic difference

between the analysis used to consider the circumferential
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crack location used to consider the block top locations. In
fact, as I mentioned, there are combinations of two and
three-dimensional finite element analyses used for both
regions and, in fact, the three-dimensional analyses are, in
fact, identical. They are the same analyses in all
respects. There is a difference in the two~dimensional
analysis used to analyze the circumferential crack locations
and that is simple because the analyses, the
two-dimensional analyses used to analyze the block
top were focusing on thre block top and the refinement of the
mesh size in the vicinity of the liner land was not
sufficient to analyze the liner land. So a different
two-dimensional analysis was used which, in fact, had much
increased refinement in that area when, in fact, that area

was being analyzed.
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But with regard to loads applied, operating
conditions considered, both analyses were identical.

Q If a circumferential crack propagated at
approximately a 45-degree angle but it did not propagate
into the stud boss area it would reach the jacket water in
about 1.5 inches, isn't that right?

A Mr. Dynner, I do not have a scale drawing in
front of me. If a crack though did initiate at the sharp
corner at the intersection of the counterbore and the liner
land and if in fact it grew indefinitely on a 45-degree
plane in between the stud bosses, it could in fact reach the
water in some of the order of 1.5 to 2 inches, I don't
remember the exact number.

JUDGE BRENNER: Mr. Dynner, how much more do you
have? It is a little past 9:45 now.

MR. DYNNER: I have five questions.

JUDGE BRENNER: All right.

MR. DYNNER: Five points -- 1 may have a
follow-up question on any one of them but they are
relatively short.

JUDGE BRENNER: If you are not finished by 10:00
on your own I may tell you that you are finished at 10:00,
20 bear that in mind.

MR. DYNNER: Yes, sir.

BY MR. DYNNER:
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Q Acide from the cam gallery cracks, have weld
repairs been discovered in any other portions of the EDG
blocks
MR. FARLEY: Objection, asked and answered
yesterday.
JUDGE BRENNER: I am going to have to have the
question again, I'm sorry.
BY MR. DYNNER:
Q Aside from the cam gallery cracks, have weld

repairs been discovered in any other portions of the EDG

blocks?
JUDCE BRENNER: Sustained.
BY MR. DYNNER:
Q This is directed to LILCO:

If LILCO had known that there were cracks in the
cam gallery areas of the EDGs with so-called cosmetic welds,
would LILCO have accepted the blocks from Delaval.

That is for LILCO.

A (Witness Youngling) Mr. Dynner, that is a
hypothetical question that is impossible to answer.

Q I'm talking about the cracks -- let's ask a
specific question:

If you had known about the specific cracks in the

cam gallery area of EDG 103's original block with the weld

material there, would you have accepted those blocks from
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2 Dr. Rau, I wish you wouldn't do what you are

3 doing.

B JUDGE BRENNER: Now that's not fair, Mr. Dynner.
5 If you are going to make --

6 MR. DYNNER: I didn't say what he was doing.

7 JUDGE BRENNER: If you are going to make that

8 comment you really had better ask him what he is doing so he
2 will Lave an opportunity to tell you.

10 BY MR. DYNNER:

11 Q What are you doing, Dr. Rau?
12 A (Witness Rau) I am writing a note to myself,

13 Mr. Dynner.

14 Q Thank you. Would you please be sure that that
15 note is not put where Mr. Youngling can read it?

. 16 JUDGE BRENNER: No, he doesn't have to do that if

17 he is writing a note to himself. If you want to inquire

18 what he is writing and so on, you can check on it later and
19 then see if you need to bring anything to our attention.
20 MR. DYNNER: All right.

21 JUDGE BRENNER: I want to add that my cwn
22 observation, since I happened to be looking at the time you
23 made your comment -- and I am not always looking at the
24 witnesses when you make comments like that -- is that it

25 didn't appear to me that he was writing a note that he was
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trying to direct to Mr. Youngling's attention. That doesn't

mean he wasn't, but it d4id not so appear to me.

All right. Go ahead.

BY MR. DYNNER:

Q Can you answer the question, Mr. Youngling?
A (Witness Youngling) If we had known that there
was a weld repair in that area, I think our -- I believe our

actions would have been very similar to the actions taken
when we discovered the indications and the cracks in the
area, that being we would go back, look at the operating
experience, review the situation with the manufacturer,

per form appropriate analyses and come to a conclusion. That
conclusion would probably have been the same conclusion that

we are at today, that the engines ar2 acceptable for

operation.

Q What is the approximate normal percentage of
carbon in -- gquote -- normal class 40 gray cast iron?

A (Witness Rau) There is a range of carbons, all

of which are appropriate for class 40 cast irons. My
recollection is that it ranges between 2 and 4 percent
carbon. I believe the 101, 102 and original 103 were
approximately 3 or 3.25 percent, something on that order. I
would have to check the chemistry to be precise.

Q Can Martensite form if the carbon content exceeds

2.11 percent?



2150 03 05
WRBwrb

3
4
5
6
)
8
9

10

11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
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Q Dr. McCarthy, yesterday you told us about a
tugboat that you said, I think, had run for a period of two

weeks with a mixture of oil and salt water -- lubricating

oil and salt water.

Is it your testimony that the experience of that
particular tugboat is applicable to the EDGs at Shoreham
such that they would be able to operate during a loop LOCA
with a mixture of lubricating oil and water in the range, I
think you said, of 50 percent?

A (Witness McCarthy) Yes, I do believe it is
generally applicable because certainly it is an expensive
experiment to run to determine can a large multi-thousand
horsepower diesel engine run with substantial lubrication
0oil contamination by water.

This particular engine-- You know, if someone
asked you that question in the abstract you could think of a
1ot of hand-waving arguments both ways. In point of fact,
somebody ran the experiment the hard way.

I think it is instructive that, you know, contrary
to what someone might allege, you are not going to expect,
even with substantial water contamination, engine failure in
the next hour, the next ten hours, or, realistically, in the
next hundred hours after it happens.

Q What type of engine was this, by make?
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A The manufacturer of this particular engine -- It

was a Pielstick engine. That's Alsthom-Atlantique, is the
manufacturer, or the ultimate owner of the firm.

Q How many cylinders d4id it have?
Eight.

What was its overall rated horsepower?

> O »

My recollection is 4300. But I would have to
check that.

What was the name of the tugboatL?

I'm sorry: I do not remember.

What was the name of the owner of the tugboat?

> O » ©O

I don't remember that. It was a tug used in barge
pushing down in the Gulf.

There are still discovery hassles, so we have not
yet got all the material in the case.

Q What was the name of the operator of the tugboat?

A I do not recollect.

Q You say the tugboat operated in the Gul f?

A Yes. My recollection, once again, is that at the
intersection of the Mississippi and the Gulf, and was used
in-shore, and then barge-pushing up the Mississippi.

JUDGE BRENNER: It seems to me I should have set
your time limit at five minutes less, since you can spend
your last five minutes asking these questions. I infer from

that that you have no other important questions left.
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MR. DYNNER: I think these are very important
questions.

JUDGE BRENNER: No, they're not important at
all.

MR. DYNNER: Am I to infer from that thnat
Dr. McCarthy's testimony is not important on this particular
matter, and is not going to be given much great weight by
the Board?

JUDGE BRENNER: No; my statement stands for
itself. My statement came after questions such as the name
of the tugboat, and not the size of the engines.

MR. DYNNER: Well, T can explain, Judge Brenner--

JUDGE BRENNER: Don't explain. You've got my
comment. And you've got about two minutes left.

MR. DYNNER: All right.

BY MR. DYNNER:

Q Is the salt water a better lubricant than the
fresh water, Dr. McCarthy?
A (Witness McCarthy) In point of fact, slightly,

but not significantly.

Q Where did you get your information about this
tugboat?
A I was retained by Alsthom-Atlantique to look at

why this particular diesel engine failed.

Q So you got the-- The owner or the operator, who
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are they?
A The manufacturer of the engine.
Q How was the amount of seawater in the lubricating
0il measured at the beginning of this two-week period?
A Well, it wasn't measured, it was sort of derived.

And, once again, I used the two-week number as a
conservative, because the only records access we have had so
far are the last and most recent ship log, and that
indicated the initial recognition of the error whereby,
through valve opening mistakes, the crankcase was filled
with a mixture of water and oil, which would just about
double the oil volume. And then they didn't have any on
board, and they drained it off, and rar for some-- And then
they reportedly had other such mistakes.

So we are just inferring that there certainly has
been at least two weeks -~ the engine operating experience
may have been longer =-- with various mixtures. But in this
last round they filled the crankcase conpletely and drained
it down so they could run.

That's my understanding.

Q Do you know exactly how long they ran with more
than 25 percent water in the lubricating oil system?

A Beyond that entry date of the log, we do not. It
could have been, obviously-- There are representations that

there have been other such mistakes made on this vessel, but
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that's all the reasonably reliable record that I have.

Q What loads was the engine run at with all this
water in the lubricating oil asystem?

A Well, I can't testify to its service profile
during that period.

Q You would agree with me, wouldn't you,

Dr. McCarthy, that this experieace you're talking about is
something like hearing the story of somebody who jumped out
of an airplane, the parachute didn't open, and he survived.
You wouldn't expect that to recommend that other people jump
out of airplanes on that basis, would you?

A Well, I hope my remarks haven't been attributed
that 1 recommend to people that they run their diesel
engines with substantial water in the oil.

What is clear from this -~ and I guess I would
disagree as a characterization -- is that this is a highly
flike event, because it's clear that this engine oil was
operating for a substantial period with a substantial amount
of water because of the failure mode which first had to fail
the bearings and then the crank. 8o it took it some very
long operating period, even with the obvious water
contamination, to bring about the failure.

JUDGE BRENNER: All right, Mr. Dynner, I can't
resist saying it sounds like you pulled that analogy out of

thin air.
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If you have one more question I'll let you ask it.

MR. DYNNER: That's terrible, Judge.

(Laughter)

JUDGE BRENNER: 1I'm just trying to encourage you
to finish your questions. I'll try anything.

MR. DYNNER: I have one more. This is a short
one.

JUDGE BRENNER: This is your last one.,

MR. DYNNER: You're right.

BY MR. DYNNER:

Q Mr. Youngling, it's true, isn't it, that
inspections and audits to discover cracks such as appeared
in the cam gallery area in the weld material there, are
required by LILCO's quality assurance program? Isn't that
right?

A (Witness Youngling) No, Mr. Dynner, that is not
true. The inspection requirements are stipulated by the
specifications which are controlled as part of the design
process, which is one attribute of the quality assurance
regulations, Appendix B to 10 CFR 50,

JUDGE BRENNER: All right.

Mr. Goddard, to you have any questions?

MR. GODDARD: Yes, Judge Brenner, we do.

JUDGE BRENNER: Could you give me a time estimate,

please?
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MR. GODDARD: Forty-five minutes.

JUDGE BRENNER: All right.

RECROSS-EXAMINATION

BY MR. GODDARD:

Q Dr. Rau, you testified yesterday morning that weld
repairs of the cracks in the cam gallery areas of the blocks
would introduce compressive stresses in the cast iron in the
vicinity of the weld bead: is that correct?

A (Witness Rau) I think what I said, Mr. Goddard,
was that it would introduce compressive stresses in the cast
iron benea'h, or, if you like, deeper than the weld bead.

I think I also testified that along the side of
the weld bead, as a result of the shrinkage of the weld, you
would introduce tensile stresses that are, in fact,
responsible for the cracks which occured between the weld
bead and the cact iron when the repair weld was made in the
original 103 block.

Q Are there any other sources of residual stress in
the region of the cam gallery; that is, such as stresses
introduce during the process of casting and cooling the
block itself?

A Yes, sir. The shrinkage stresses introduced by
the casting itself were, in fact, the stresses responsible

for formation of the original shrinkage crack. But, again,

the fact that the shrinkage cracks stopped and did not
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continue to extend is indicative that the residual stresses
had dropped to a low level, or even gone compressive at the

point where the shrinkage crack stopped extending.
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Q What, in your opinion, would be the poteniial
significance of those residual stresses which remain
vis~a-vis the significance of the residual stresses which
were introduced during the weld repairs of the cam gallery
areas?

A The residual stresses that remain, including
those introduced by the repair welds, would make the
computations, the analyses which we per formed even more
conservative with regard to whether or not those shrinkage
cracks will extend or could extend during operation.

In other words, the applied stresses from the
through-bolt are such as to maintain that region in high
compression, and the varicus operating conditions do not
produce stresses sufficient to overcome that initial
compressive condition. In addition,-- Therefore, the
cracks cannot extend.

The residual stresses you have asked me about
would tend to further reduce the steady stress or the amount
of compression at the tip of the shrinkage crack and
increase the margin between -- or the certainty, if you
like, with which the compressive stresses remain and
therefore reduce the already negligibly small possibility
that they would extend.

Q You testified in response to one of Mr. Dynner's

gquestions that you had not measured the residual stresses
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irn the cam gallery area. Is it possible for you to estimate
the magnitudes and directions of those stresses?

A Yes, I think you can estimate the directions. I
think you can also estimate the magnitudes, but the
estimaters of magnitudes would be less precise. You would
have to make certain assumptions about the specific weld
conditions which are not known.

I think the important thing is that the stresses
beneath the weld repair in the thinnest portion of the cam
gallery in the direction toward the water jacket if you like
will certainly be compressive, and the magnitude of that
compression will depend upon the magnitude of the tension
out in the weld bead.

But in any case it is always going to be
compressive and therefore, I don't believe it is of any
consequence how much more conservative it is than the
enormous amounts of conservatism already demonstrated.

Q These questions are probably best put to the
LILCO panel, but anyone on the panel is free to try to
answer them.

Has it been observed whether or not the latex
paint or epoxy paint which was applied to the blocks covers
the cracks in the cam shaft gallery? In other words does it
obscure those cracks, or did it obscure those cracks at the

time of painting?
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A (Witness Schuster) There were some differences
in what we saw in the area. As I indicated earlier, you
have the push rods, the cam shaft, and other parts and
components of the engine which prevents you from cleaning
the paint out underneath those areas.

A (Witness Rau) Mr. Goddard, perhaps I could add
to what Mr. Schuster said.

Having examined these regions with the paint on
and also with the paint off, I will tell you there is a
substantial difference, and the paint does substantially
obscure your ability to ascertain or examine what is there.

Q Could anyone on the panel explain how the cam
gallery cracks in the original 103 block and in the 101 and
102 blocks became visible through exposure to the
lubricating oil?

A (Witn2ss Schuster) During a=- As I testified
earlier, during a routine inspection by our test engineers
in the cam gallery area, the oil gets into the crack in the
paint and you have a white epoxy paint and it gives you a
somevhat white-black background. It is almost like a
penetrant, only using engine oil.

Have I explained it for you?

Q I think so. 1 was wondering whether

Mr. Youngling had a comment or not.

A (Witness Youngling) No.
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A There is one consideration, that maybe thermally
that this could happen because when you paint the block, if
you paint it cold and then it would be heated up, so it is
possible I guess that the paint-- There ie a thin section
over that crack and it could separate at that point. That
is the only comment that I would have.

A (Witness Rau) If I might add, Mr. Goddard, it is
a very complicated geometry, if you like. If you have a
crack and then you paint it, as Mr. Schuster I think
indicated, the paint will, at least in part, tend to get
partially sucked into the crack and, depending on the
details of the condition, you could end up with a layer of
paint which, as you cross over the crack, isn't perfectly
flat and straight. It has kind of got like a buckle in it.
Okay? It may not even be uniform in thickness.

And then when it is bolted up and squashed in
compression, if you've got a buckle and you squash it in
compression, you can bend the paint locally, or squash it
and, you know, it can break in compression, too, by just
being squeezed into the crack or squeezed out of the crack.

The point I'm trying to make is that if you paint
over a crack which has any opening at all, and then squash
it, you ca‘® break the paint.

Q Dr. Rau, 4o you agree with Mr. Schuster's

speculation that the thermal conditions in that area could
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fabrication-induced.

Q Have you completed your answer, Dr. Rau? Or
Dr. Wackob, d4id you care to add anythinj to that answer?

A (Witness Wachob) Nothing else.

Q Thank you.

Have you done enough of an examination of the
circumferential crack which you sectioned out of the 103
block to determine whether there was a presence or an
absence of oxide layers of any nature on that crack?

A (Witness Rau) No, Mr. Goddard, we did not do
detailed metallography in that region. As we have
indicated, based on the observations, we have no reason to
believe that that's a fabrication-induced crack and we saw
no reason to make such detailed examinations in the
circumferential crack location.

Q You did visual examinations at that crack

location, did you not?

A Yes.
Q Under what magnification?
A We used the Stere binocular microscope

magnifications up to approximately 70 times, and much lower
than that, t~~.

JUDGE BRENNER: 70?7 7-07?

WITNESS RAU: Yes, your Honor.

BY MR. GODDARD:
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anything to that answer?

A
Q

(Witness Wachob) No, sir.

I would like the FaAA witnesses 1o refer to page

5-2 of the FaAA Block Report of June 1984. For convenience

that is Suffolk County's Exhibit Number 7, at what is

numbered page 29 in the revised cylinder block exhibits, if

you can take a moment and find that.

A

Q
A
Q

(Witness Rau) What page, Mr. Goudard?
5-20
Thank you.

In Section 5.0 of that report at page 5-2,

Failure Analysis Associates recommends in its recommendation

No. 6 that:

"For blocks with known or assumed

ligament cracks, the absence of detectible cracks

between stud holes of adjacent cylinders should be

established by eddy current inspection before

returning the engine to emergency standby service

after any period of operation other than no load."

A

Q

Is that currently FaAA's recommendation?
No, sir.

What is the current recommendation of FaAA as to

that inspection after various load level operation?

A

The recommendation is virtually identical except

we require the inspection -~ or recommend that the
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WRBeb 1 A (Witness Rau) Yes, Mr. Goddard. Quite a few
2 things happened between the preparation of the draft report
3 in June and the submittal of our testimony in mid-August.
4 The most important thing which happened was our
. 5 confirmation through direct measurements of the tremendous

6 difference or degradation in the mechanical properties of

7 the original 103 block. It was in fact the quantification,
8 the measurement of those differences that enabled us to

9 perform the cumulative damage analyses again, or update it

10 to take into account those measured differences.

11 And in doing so, the demonstrated margins,

12 reliability margins demonstrated by the test period between

13 March 1ll1th and April 14th, 1984, by the testing of the

14 original 103 block with those degenerate Widmanstaetten
15 graphite degraded properties led to a much larger margin

. 16 between what was demonstrated there and that which would be
17 required shculd there be a loop LOCA in 101 or 102 or the
18 replacement 103 block.
19 That tremendous increase in the margin enabled us
20 tc relax the requirements that had been recommended jin our
21 preliminary draft report in June.
22 Q Thank you, Dr. Rau.
23 MR. GODDARD: The Staff has no further recross

24 for this panel.
25 JUDGE BRENNER: Thank you, Mr. Goddard.
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FURTHER EXAMINATION BY THE BOARD
BY JUDGE MORRIS:
Q Dr. Rau, I would like to understand a little bit
better the picture of the compressive stress in the cam

gallery area, and I suggest we look at our diagram, which is

Suffolk County Exhibit 77.

If we look in the region where the crack is and
where the weld is, if we start on the right-hand edge -~
holding it this way -- on the surface of the weld, can you
then describe the situation going left from there over to
the wall in terms of what kind of stress relative magritude

and direction, if that is possible?

A (Witness Rau) Judge Morris, you are asking

specifically about the residual stresses from welding or....

Q Yes.

A Yes. The shaded region right-most in the
location of the crack in the cam gallery is representative
schematically of the weld. When that weld is made, the
block is not substantially preheated. Therefore, the weld
metal is very hot and then it starts to solidify, bonds if
you like to the adjacent cast iron, and then starts to
shrink.

As it shrinks it wants to get smaller, but of
course the surrounding cast iron is precluding that and

therefore, the tensile stresses start to build up in the
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WRBeb 1 weld metal. And those tensile stresses are primarily
largest in the vertical direction because you can't have any

substantial stresses in “he horizontal direction. There's a

free surface there and it can't support any, but in the

L* LI -

vertical direction you can.

And so what happens is you generate substantial

~N o

tensile stresses across the shaded weld portion.

Now as you move to the left into the cast iron

° ™

where the shrinkage cracks exist, that is in fact the

10 portion of the cast iron which is resisting or, if you like,
11 holding open the weld metal and causing it to be loaded into
12 tension. So the physics of the situation are such that that
13 material immediately adjacent to the weld material as you

14 move left, again in a vertical direction, must be

15 compressive because it's getting--

. 16 If you think of yourself as standing where the

17 cast iron is and the weld metal tries to pull ou closed or
18 pull you down, you get squashed. If you stand where the

19 weld metal is, then the cast iron adjacent is tending to

20 pull you up or hold you up as you attempt to ehrink.

21 So the net result is that you end up with a high
22 tensile stress in the weld, relatively uniform in magnitudc,
23 and in fact limited by the strength of the weld metal. You
24 end up with the highest compressive residual stress

25 immediately adjacent to the weld, vertically in direction.




2150 05 06 25536

WRBeb 1 And then as you proceed further to the left, the
2 magnitude of the compressive residual stresses will
3 gradually decrease and taper off towards zero. They will
4 continue to be compressive, however, through the entirety of
‘ 5 the cam gallery section as you move toward the left wall.
6 Q Are you able to give approximate values for the
7 stress as you go horizontally to the left from the weld?
8 A Well, as I said, it would depend on the details
9 of the welding conditions. But a reasonable approximation
10 might be to use the yield strengths, the flow strengths of
11 the respective metals. And you will, in all likelihood, end
12 up with a tensile yield strength level in the weld, and then
13 you will end up with a comprassive yield strength level in
14 the adjacent cast iron.
15 And again in this degenerate structure that is
' 16 somewhat lower than it would be in a good or typical gray
17 iron, but something, you know, less than 10 Ksi, or of that
18 order in the cast iron immediately adjacent to the weld.
19 And that would stay reasonably constant at that level for a
20 while because that is limited by the strength of the cast
21 iron, and then it would start to drop off and approach zero
22 as you go out toward the left-hand side.
23 Q Thank you.
24 JUDGE BRENNER: Mr. Farley, do you have any what
25 I guess would be re-redirect?
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MR. FARLEY: May I have a few minutes to confer
with my panel?

JUDGE BRENNER: Yes. The reason I'm hesitating
taking a break now is I want to use the break to switch
witness panels. But how much time would you like to confer?

MR. FARLEY: Just five minutes.

JUDGE BRENNER: I guess we might as well take the
break if you feel you need to do that.

Come back at 10:45,

(Recess.)
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AGBpp 1 JUDGE BRENNER: On the record Mr. Farley, do

2 you have re-redirect?

3 MR. FARLEY: May I proceed with one question?

4 JUDGE BRENNER: Surely. I might have even given
5 you two. Go ahead.

6 FURTHER REDIRECT EXAMINATION

7 BY MR. FARLEY:

8 Q Dr. Johnson, during the examination this morning
9 you testified that ligament cracks did not extend onto the
10 liner land. Referring to Suffolk County 79 for

1 | identification, would you please explain the -- or elaborate
12 on your explanation with respect to the note on the last

13 page?

14 A (Witness Johnson) We have done two independent
15 liquid penetrant tests in the same area. One was done in

. 16 the field by LILCO and one was done by FaAA in the

17 laboratory. Both »>f them show that that crack does not go
18 onto the liner land area. The eddy current test has an
19 indication on the liner land but the accuracy of the eddy
20 current test as I have mentioned before, is the order of a
21 tenth of an inch. So all of those -- the eddy current
22 combined with the penetrant tests are consistent with the
23 fact that we have no crack running down on the liner
24 landing area.
25 MR. FARLEY: That's all I have, Judge Brenner.
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JUDGE BRENNER: 1Is there any followup, strictly
limited to the questions asked since your examination,

Mr. Dynner?

MR. DYNNER: I have no followup but I wanted to
move Suffolk County Exhibit 79 into evidence, which I
neglected to do in the last round.

JUDGE BRENNER: Any objection?

MR. GODDARD: None.

JUDGE BRENNER: Hearing none, we will admit
Suffolk County Diesel Exhibit 79 into evidence.

(Whereupon, Suffolk County
Diesel Exhibit 79 was
received as evidence.)

JUDGE BRENNER: I think that the time has finally
come down where we can excuse you as a Panel. I have
observed that the dynamics of a witness panel, the
procedural dynamics, are complex. I have said that before
in this proceeding and I have seen a microcosm cf the
complexities while this Panel was here, including many
examples of inconsistent advice from different questioners
and the Board such as be as brief as you can but be
complete, don't use your imagination, use your imagination,
make that complex matter simple, don't oversimplify it ii's
more complex than that, and so on. And we appreciate, and I

know all Counsel, even from parties that disagree with your
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position because they have their own witnecses that they
prepare, recognize that these matters are difficult and in
the course of all that we expect to get the substance out
also. So we appreciate what you've been through and we
appreciate your efforts at assisting us and we ask you to
pass that on to Dr. Wells on our behalf also. And you're
all excused at this time.

(The witness panel excused.)

JUDGE BRENNER: Can we get the County's witnesses
empaneled? Mr. Goddard, did you want to introduce your
colleague, as long as there is a moment?

MR. GODDARD: Yes, sir, I would. With me at
Counsel table at this time is Robert G. Perlis of the
Office of the Executive Legal Director who will be assisting
me in this proceeding.

JUDGE BRENNER: Yes, as I recall Mr. Perlis had a
written notice of appearance in this case rear the beginning
at least a year and a half ago or so.

MR. PERLIS: That's correct.

JUDGE BRENNER: And now he has shown up in the
flesh.

While they are getting ready I want to thank the
County for the minor housekeeping matter of including the
attributions of witnesses in the revised testimony. That

was helpful since I had done that in my earlier testimony
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AGBpp and now I can use just the new document.
2 We're ready whenever you are.
3 Whereupon,

B ROBERT N. ANDERSON,

wm

STANLEY CHRISTENSEN,

G. DENNIS ELEY,

~N o

RICHARD B. HUBBARD

and

O ©

DALE G. BRIDENBAUGH
10 were recalled as witnesses and, having been previously duly
11 sworn, testified further as follows.
12
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MR. BRIGATI: Thank you, Judge Brenner, and good
morning. Good morning, Judge Morris.

Before I start with our witresses we do have
copies of the more legible exhibit introduced yesterday. I
believe the number is 78. It is the trip report dated April
14, 1983 and I won't try to describe it further at this
point.

JUDGE BRENNER: You've got the correct number and
we appreciate that. If you could make sure they get -- the
copies that the reporter uses in the official file, that
they are the more legible ones, I would appreciate that.

And this came in yesterday and we are
substituting legible copies.

(Documents distributed.)

MR. BRITAGI: Since the County's witnesses on
the block panel are the same as the witnesses for the
crankshaft testimony, I assume there is no need to introduce
them. They do have name tags.

JUDGE BRENNER: All right. And they have been
previously sworn also.

MR. BRITAGI: So they should understand that
they are under oath based upon that taking of the ocath last
time. The County's testimony concerning adequacy of the
cylinder blocks of the Shoreham EDGs was originally filed on

July 31, 1984 and distributed to the other parties at that
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time. It was introduced with the County's testimony
concerning crankshafts on October 1, 1984 and that volume
also included testimony concerning the pistons. Pages 143
through 184 of the filing, with the changes thuat were
described back when we introduced the crankshaft testimony,
have been assembled in a separate exhibit which has been
previously distributed to the Board and the parties. It
bears the date October 29, 1984 in the upper righthand
corner and is entitled, "Revised Joint Direct Testimony of
Dr. Robert N. Anderson, Professor Stanley G. Christensen,

G. Dennis Eley, Dale G. Bridenbaugh, and Richard B. Hubbard,
regarding Suffolk County's emergency diesel generator
contentions concerning cylinder blocks." Since the filing
of the testimony on October 1 as part of the overall
County's testimony, we have seen fit to introduce some
additional changes to pages 143 through 184 in the belief
that those changes will simplify the record and I would like
to explain them now.

I should note that the original testimony was
prepared on the basis of the facts as they were known to the
County up to July 31, 1984, Since that time LILCO has
presented new information in the form of testimony dated
August 14, 1984 and its supplemental testimony dated
September 20, 1984, As a result of certain new information

presented in those two filings, Suffolk County decided it
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originally filed solely to account for the new information
presented in those two new filings.

(Pause.)

Mr. Dynner warns me that there may be some
changes to account for testimony adduced during cross
examination. It is my impression that there aren't any,
for the sake of safety --

JUDGE BRENNER: No, I think there are some.

MR. BRIGATI: Well, then Mr. Dynner is right.
The changes or the major changes can be summarized as
follows. We have added references to the revised crack maps
that were prepared and introduced by LILCO. The testimony
concerning physical property of the blocks has been revised

to reflect information concerning the presence of

Widmanstaetten graphite in the old block 103 which we were

not aware of July 31 and we have deleted portions of
testimony pertaining to FaAA's finite element analysis
concerning crack initiation in the block top. Those
deletions have been marked with diagonal markings to
distinguish them from deletions directed by the Board
pursuant to LILCO's motion to strike, which deletions are
denominated by horizontal lines through the testimony.

As you noted, before I began my remarks, Judge

Brenner, we have also revised the testimony to reflect the
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identity of the witnesses who are sponsoring the testimony
in the belief that their identification in the body of the
testimony may simplify the job of the Board and the parties

in interpreting the record later.

We are sorry we didn't do that from the

beginning. In connection with those identification of the
sponsors for particular questions, I should note that we
have changed sponsorship of certain guestions from the sheet
that was originally filed with the Board in August in
certain particulars.

Those changes consist in all but one case of
deleting sponsors from the group that may have been
sponsoring a particular question in the belief that the
multiple sponsorship with respect to those particular
answers was probably redundant. However, in one case we
conclvded that it was appropriate to add a sponsor for a
question or an answer and that exception is reflected on
page 182 of the testimony where Mr. Bridenbaugh has been
answered as a sponsor of the testimony appearing as the
first answer on that page.

Judge, at this point is it appropriate to have
the revised b >ck testimony introduced or marked as an
exhibit?

JUDGE BRENNER: Yes. Well, we'll end up binding

it into the transcript as if read rather than give it an
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exhibit number. One minor thing, I believe footnotes 191
and 192 on page 158 should have been struck through.

MR. BRIGATI: Let me note, and I'm sorry I failed
to note this, this is -- I haven't gotten far enough into my
prepared remarks.

JUDGE BRENNER: I'm sorry.

MR. BRIGATI: 1It's all right.

In handing out the revised testimony to the Board
and the other parties two days ago, we gave out copies that
failed to include some deletions or changes that were
appropriate and I1'd like to describe them now. We =-- in
reviewing that material, we discovered that on page 158
footnotes 191 and 192 should have been deleted in keeping
with the Board's order to strike. And the copies that will
be provided for the court reporter as part of the official
record include such deletions.

I'd also like to note that on page 159, footnote
195 should be revised to refiect a citation including the
words, "Block report" in place of "id" since the "id" refers
to material that has been stricken and to clarify the
reference.

Similarly, on page 163, footnote 204 ~--

MR. FARLEY: Excuse me, Judge. I don't
understand how that's going to read.

JUDGE BRENNER: It will read "Block report at
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testimony in with the caveat that we were only actually

admitting into evidence -- well, no, I think we admitted the
whole thing into evidence --

MR. BRIGATI: I believe you did, Judge. I could
find --

JUDGE BRENNER: All right. I should have thought
before I opened my mouth. I think it is going to be
mechanically okay. In any event, your comment just now is
acceptable and those pages are in evidence.

MR. BRIGATI: Thank you.

MR. FARLEY: Note our objection for the lateness
of this, please?

JUDGE BRENNER: Lateness of what?

MR. FARLEY: Of this evidence. As I understood
it, what was going to be used as evidence was the modified
document that was given to me on -- it was dated October
29,

JUDGE BRENNER: All right. Your objection is
noted.

MR. BRIGATI: 1In addition to the revised block
testimony that I have just been describing, we have
assembled a package of exhibits which pertain only to that
testimony from the package of exhibits originally filed with
the County's collective diesel testimony, filed on July 31.

In that connection, I should note that certain of the
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2 others have been reduced in scope in keeping with the
3 Board's direction to try to eliminate unnecessary

4 information from the documents.
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Answer 13 are not listed?

MR. BRIGATI: Thank you, Judge. We can't seem to
file anything perfect in this proceeding.

JUDGE BRENNER: Well, just so you understand what
I'm sure Judge Morris meant, it is for you to make sure that
your wora processors didn't drop something out rather than
just a simple omission of a number.

MR. BRIGATI: I believe :hat it is an omission of
a number, but we will check that to be absolutely certain.

Thank you, and I apologize.

With that introduction of our testimony, I will
address certain questions to Dr. Anderson who will serve as

the chairman of this particular panel of the County's

witnesses.
DIRECT EXAMINATION
BY MR. BRIGATI:
Q Dr. Anderson, do you have before you the revised
joint--
JUDGE BRENNER: Let's go off the record for a
minute.
(Discussion off the record.)
JUDGE BRENNER: Back on the record.
BY MR. BRIGATI:
Q Dr. Anderson, do you have before you the revised

joint direct testimony dated October 29, 1984, the exhibits
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AGBeb 1 with the accompanying exhibits and the additional
2 explanation just provided by Dr. Anderson, true and accurate

3 to the best of your knowledge and belief?

N Mr. Bridenbaugh?
. 5 A (Witness Bridenbaugh) Yes, it is.
6 Q Professor Christensen?
7 A (Witnss Christensen) Yes, it is.
8 Q Dr. Anderson?
9 A (Witness Andarson) Yes, it is.
10 Q Mr. Eley?
11 A (Witness Eley) Yes, it is.
12 Q Mr. Hubbard?
13 A (Witness Hubbard) Yes.
14 Q Do you adopt that testimony as your testimony in
15 this proceeding?
. 16 Mr. Bridenbaugh?
17 A (Witness Bridenbaugh) I do.
18 A (Witness Christensen) I do.
19 A (Witness Anderson) 1 do.
20 A (Witness Eley) I do.
21 A (Witness Hubbard) I do.
22 MR. BRIGATI: Judge Brenner, we offer into
23 evidence the County's testimony as just described, together
24 with the exhibits accompanying that testimony.
25 MR. FARLEY: May I be heard?
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So your premise was not quite correct.
JUDGE BRENNER: No, that's--

MR. FARLEY: So now that they are moving them

into evidence 1 thought I should obiject.

JUDGE BRENNER: That is not quite right,
Mr. Farley, although maybe you could infer that from the
written order. I will be glad to tell ycu as one of the
authors that that is not quite right.

We expressed the fact that we did not know what

exhibits the parties were going to move into evidence in the
context of encouraging the parties to cut down on those
exhibits, but we would have, as part of our ruling on
portions of the testimony that we did strike, have included
necessarily any exhibits which were there only for the
purpose of being related to that testimony which we struck.

And I think, although I am not sure, that at
least in one or two cases we did do that, either where your
motion motion expressly referenced the exhibit or where it
was obvious.

But there was a lot in that motion to strike,
some of which was acceptable and a lot <7 vhich wasn't. And
you run that risk when you filie tho.n 1d: of motions that
anything that was legitimate wit «» «oper priority would
get lost with a whole lot of things that were not

well-supported in our view. So your premise was not quite

correct.
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AGBagb 1 Your premise was correct as to the kind of motion

N

you just made as to Exhibit 7, and I have indicated you
might well be accorded some relief on that. That's in the
category of being too voluminous. But if you point to
something in our ruling I will consider it. But what I'm

saying is, you should have done this over a month ago. I

N o0 s W

don't even remember the date of our order now, but I guess

8 it was in August.

9 MR. FARLEY: July 17th --

10 JUDGE BRENNER: Our order ruling on your motion
11 to strike?
12 MR. FARLEY: No, you're right; the July 17th

13 order was following up the July 5th hearing.

14 JUDGE BRENNER: 1I've got the order now. It was
15 September 7th, 1984.

. 16 Hearing time is precious and it should be used for
17 hearing time and that's why I schedule motions for other
18 times.

19 MR. FARLEY: I understand, your Honor, I just
20 have one more objection and I'm finished.

21 JUDGE BRENNER: All right.

22 MR. FARLEY: I object to Exhibit 67 coming into
23 evidence again on the grounds of lack of foundation and

24 authenticity.

25 JUDGE BRENNER: All right.
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I'm going to deny it as being late unless you can

point to something on our ruling on the motion to strike
that should have encompassed it but through inadvertence
either on the part of LILCO and the way it expressed the
motion or on the part of the Board and the way we expressed
the ruling I am not going to consider it.

I don't know right at this point in time what
this exhibit is tied to in all of this testimony and I'm not
going to stop and educate myself right now on the subject, I
am being very candid with you. That's why when you file the
motions in advance I can go through that analyses. And we
gave you the benefit of a prehearing order and you could
have come back after that order and I would have gone
through the analyses again if I thought it was warranted but
T'm not going to stop everything and do that now.

But you have ample safety valves, which is
another reason I'm not concerned, that is, by pursuing the
exhibit -- your problems with the exhibits through the
cross-examination of these witnesses.

MR. FARLEY: Excuse me a minute, Judge Brenner.

(Pause.)

I'm sorry, I can't find it. That's all I have.

JUDGE BRENNER: All right.
Having denied LILCO's objections which were just

made and indicating the possible relief in at least one
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area, we will grant the motion to admit the prefiled direct
written testimony and exhibits of Suffolk County as related
to the cylinder blocks, specifically we will admit into
evidence and bind into the transcript as if read Suffolk
County's revised joint direct testimony which are of all of
its five witnesses concerning the cylinder blocks which
document was dated October 29, 1984 and Mr. Brigati has
explained the changes and let's bind that in at this pecint.

(The revised joint direct testimony follows.)
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This testimony has been amended to reflect which of the
County's witnesses are sponsoring individual answers by noting
initials of the sponsors before each answer or by noting "All"
before answers being sponsored by all witnesses.

The initials used for the various witnesses conform to the
first initial of their last names as follows:
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= Mr. Eley

= m O w o »
"

= Mr. Hubbard
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CYLINDER BLOCKS

Q. what is the purpose of this testimony?

. A(. - ‘The purpose of this testimony is tc set forth the re-
sults of our evaluatior of that portion of the County's conten-
tion which addresses the cylinder block problems of the EDGs.
That portion states:

"Cracks have occurred in the cylinder
blocks of all EDGs, and a large crack prop-
agated through the front of EDG 103.
Cracks have also been observed in the cam-
shaft gallery area of the blocks. The re-
placement cylircer block for EDG 103 is a
new design which is unproven in DSR-48 die-
sels and has been inadequately tested.”
Q. What are your ~onclusions regarding the adequacy of

‘ the design and manufacture of the cylinder blocks?

(A)

A. We believe the block cracks are evidence that the
EDGs are over-rated and undersized. The EDG cylinder blocks
are not properly designed and manufactured to withstand the
stresses to which they are subjected., We are concerned that
LILCO proposes to use the cracked blocks of EDGs 101 and 102
for EDGs in nuclear service during the operation of the
Shoreham plant. Those blocks are unreliable and are likely to

exper ience crack propagation which can lead to catastrophic
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fajlure of the EDGs. The newly designed block for EDG 103 is

unproven and inadequately tested.

Contrary to the conclusions reached by FaAA in the cylin-
der block'reportlﬁl/ and by the Owners' Group DRQR Report on

cylinder blocks, we conclude that:

1. The cracks in the ligament between stud holes and
liner counterbores of the blocks of the EDGs are not
benign and may lead to catastrophic failure of the
engine. Further, the cracks may not be fully
contained between the liner and the region of the

block top outside the stud hole circle.

2. Field experience in non-nuclear service has not been
. systematically documented or reviewed in order to
demonstrate the extent of ligament cracking or the

immediate consequences of such cracking.

¥
3. The deepest crack (5-1/2 inch depth) between stud
holes was measured after the immediate shutdown of

EDG 103 following crack propagation during overload

62/ "Design Review of TDI R-4 and RV-4 Series Emergency Diesel
Generator Cylinder Blocks and Liners," FaAA-84-5-4, Fail-
ure Analysis Associates, June, 1984 (the "FaAA Block Re-
port"). (Exhibit 7).
‘ ,!J FaAA has since C.\\o.n%d s m&SthU‘t +o 5 inches.
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testing of EDG 103, and contributed to the decision

to replace the block. The replacement block has not

been adequately tested.

. Blocks with ligament cracks (those of EDGs 101 and

102) have not been demonstrated to be capable of
withstanding a LOOP/LOCA event. While we agree with
FaAA's conclusion that cracks between stud holes are
likely to occur and propagate in blocks with ligament
cracks, we disagree that FaAA can predict with any
accuracy when such cracks will initiate or the rate

at which they will propagate.

The preliminary material evaluation by FaAA of the
microstructure of a small region of each block top of
the EDGs is not representative of the properties of
the entire block and does not demonstrate that the
block EDG 103 is significantly weaker than the other
two blocks. To reach conclusions regarding the suf-
ficiency of the material strength of the blocks of
EDGs 101 and 102 in comparison to that of EDG 10G3,
the materia! of all three blocks must be adequately

evaluated.
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6. The cracks in the cam gallery support region of the

EDG blocks may be detrimental to the operation of the
engine. Further, the assessment of these cracks has
failed to demonstrate that the cracks will grow very
‘slowly ¥ 1y Yddd Mlgrnot at all,a pArcegt
107, 7&1 the /forafks c{n bf atﬁzstjso elylo
thg ca tinx:roqét/‘

Based on the foregoing, we conclude that it has not been demon-

strated that the cylinder blocks of the EDGs will reliably per-

form their required functions, and thus, there can be no assur-

ance that the EDGs will perform satisfactorily in service.

Q. Please describe the cracks which have occurred in the

cylinder blocks of the EDGs.

(.ALq'here is no disagreement that numerous cracks exist
on the block tops of EDGs 101 and 102, running in the radi-
al/vertical plane between stud holes and the cylinder bores.
These cracks are shown in drawings, and some of them are de-
scribed, in the FaAA Block Report.l63/ similar cracks were
found in the top of the block of EDG 103, which also had cracks

between stud holes for adjacent cylinders 4 and 5,164/ on

163/ FaAA Block Report at 1-2 to 1-3 and Figures 1-2 and 1-3.
== Ser. a\so revisions wn Lilco Exhibits B-W and B-11.
1647 1d4. at 1-2 and Figure 1-4.

See alsO revivions in LileD Exueit B-18.
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April 14, 1984, during qualification testing at 3900 kw, a

crack was noticed starting under the no. 1 cylinder head and
extending across the front of the EDG 103 block and about)(‘* 21—
inches down the front of the engine.l65/ sSubsequent inspection
of the EDG 103 block showed that many existing cracks had prop-
agated, and trat additional between-stud hole cracks had
developed at four other locations.l66/ 1In addition, there are
cracks in the camshaft gallery areas of all three EDG
blocks.167/ These cracks have been observed to grow in the EDG

103 block.l168/

Q. Does the FaAA Block Report provide a satisfactory de-

sign review of the cylinder blocks?

( W)

A. No. Rather than a design review of the blocks, it is
a summary of FaAA's "investigation of the struccural adeguacy”

of the blocks.l69/ raaA fails to address most of the

—
N
w
~

Letter dated April 17, 1984, to Administrative Judges from
E.J. Reis (NRC Staff). (Exhibit 54).

166/ FaAA Block Report at 1-2 to 1-3 and Figpres 1-5 to 1-8.
Sas O\80 revisions in Lo exhibil B-Z

168/ Morning Report, NRC Region I, March 20, 1984. (Exhibit
55).

169/ FaAA Block Report at i and ii.
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functional attributes of the cylinder blocks set forth in the
Task Description for the Component Design Review.170/ we
believe it is significant that FaAA does not conclude that the
‘ cylinder blocks are adequate for nuclear service and capable of

unlimited operation. However, based solely upon the FaAA Block
Report and its supporting packages, the TDI Owners' Group con-
cluded that the cracked blocks of EDGs 101 and 102 and the re-
placement block for EDG 103 (pending final material study re-
sults for the original and replacement EDG 103 blocks)

are acceptable for intended function with |

implementation of routige inspigtions in

accordance with E&DCR F-46505,171/

Q. What does the TDI Owners Group mean by the phrase

"acceptable for intended function"?

* (A

A. The DRQR Report does not expressly define this
phrase, but indications are that it refers to the ability of
the cylinder block "to withstand with sufficient margin a
LOOP/LOCA event."172/ There is no suggestion of what a "suffi-

cient margin® might be., Mr. William Museler, a vice president

70/ 1d4., Appendix.

171
172

IH

RQR Report, Vol. 4, Cylinder Block, at 3. (Exhibit 56).

/ D
/ 14. at 2; see also Id. at Cl and C2.




of LILCO and former technical manager of the TDI Owners' Group

program, testified that the ad hoc acceptance criterion applied
by the Owners' Group program for adequacy of the EDGs was not
the performance rating of the EDG established by the FSAR and
the contract specification.173/ Rather, the TDI Owners Group
criterion was reliable operation during the testing required to

be performed plus one LOOP/LOCA event for seven days.l74/

Q. Is the TDI Owners' Group acceptance criterion intend-
ed to be applied to qualify the EDGs only for operation during
the approximately 18 month perjod until the first refueling
outage at Shoreham, when the newly purchased Colt EDGs are

scheduled to be installed?

(BW)

A. Not according to Mr. Museler. He testified that al-
though LILCO intends to replace the EDGs with Colt diesels by
the first refueling outage, the Owners' Group criterion was in=-
tended to gualify the EDGs for a period "far beyond the interim

period."175/

173/ Deposition of William J. Museler (May 22, 1984) ("Museler
Deposition") at 7-8. (Exhibit 57).

174/ 1d. at 14-17.
75

—

/ 14. at 43-46.

- 149 -



Q. Is the criterion used by the TDI Owners' Group appro-

priate to ensure that the EDGs, and specifically their cylinder
blocks, are adequate and reliable enough to meet the require-

ments of GDC 177

(B,W)

A. No. The Owners' Group criterion is extremely limit-
ed, subjective and does not meet the technical requirements of
GDC 17. As discussed above, the proper technical standard for
GDC 17 is the performance rating for the EDGs set forth in the
FSAR. That rating -- 3500 KW continuously for one year and
3900 kW for 2 hours per 24 hour period -- was established by
LILCO and approved by the NRC Staff on the basis of the
required service for the EDGs. There is no rational or regula-

tory basis to eliminate that performance standard.

Q. Did the FaAA Block Report use the same improper ac-
ceptance criterion as the TDI Owners' Group for determining the

adequacy of cylinder blocks?

(A3, 1)

A. FaAA issued an interim report on the cylinder block
and liner, which concluded preliminarily that the DSR-48 cylin-
der blocks may be adequate "for interim use” depending on fur-

ther analysis.l76/ Mr. Robert Taylor of FaAA, who prepared the

76/ Exhibit 1 to Taylor Deposition. (Exhibit 58).
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‘< erim report, testified that in determining "interim vse," he
used an "intended load profile" for two years of about 260
hours of EDG operation, including 80 hours at full load and
less than one hour at 3900 kW.177/ 1n the final FaAA Block Re-
port no statement js made as to whether or not the cylinéer
blocks are adequate for interim or any other use, SO no accep-
tance criterion is expressly applied. However, FaAA appears to
have further reduced the inadequate and improper criterjon of
the two year "intended load profile," because the FaAA Block
Report only specifically addresses whether an engine block with
cracks between the stud holes and cylinder bore (so-called
"ligament cracks"), but with no stud hole to stud hole cracks,
can be predicted to survive a LOOP/LOCA event.178/ This crite-
rion is totally inadequate to satisfy the standards required by

GDC 17.

Q. The FaAA Block Report sets forth a number of conclu~-
sjons and recommendations which are applicable to the EDGs. Do
you agree with the FaAA conclusion that the cracks in the liga-
ment between the stud holes and liner counterbore are

'ben!gn.'llﬂ/

177/ Taylor Deposition at 69-70. (Exhibit 59).
178/ FaAA Block Report at 4-3 to 4-5.
/ Lgo ‘t S-ll
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(B.C,E)

A. We strongly disagree with FaAA's conclusion that

thcgo ligament cracks are "benign.® First, FaAA states, and we
agree, that one consequence of the ligament cracks might be
leakage of coolant (although not into the cylinder).180/ such
leakage is far from "benign," and could lead to catastrophic

failure of the EDG.

Q. How could the leaking of coolant lead to a cata-

strophic failure?

(B,C,E)

A. The leaking of the coolant could result in tempera-
ture increases of the upper part of the cylinder liner and
head. The consequent thermal stresses on the cylinder block,
cylinder heads, pistons, and other engine components increase
the likelihoed of cracking. For example, the overheating of
the cylinder liner could crack the liner and/or cause a partial
piston sejzure. A partial piston seizure nakes combustion gas
blow-by highly probable, which may lead to a crankcase explo-
sion and complete piston seizure. Lack of sufficient coolant
could also lead to distortion of the cylinder head, which could
cause the exhaust valves to fail to seat completely. Distor-

tion of the cylinder head and the leakage of gases from the

180/ 14. at ii to iii.
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exhaust valves could lead to overspeeding of the turbocharger
and damage to the blades and rotor, which would stop the
turbochargar. This would result in an insufficient quantity of
air supply to the engine, further increased temperatures of the
oporatiné'parts, and ultimately to a complete piston seizure.
Complete piston seizure would cause bent or broken connecting
rods, serious overloading and possible cracking of tne main
bearing shells, cracking in the engine base and stretching of
the main bearing hold down studs. A complete piston seizure

will almost always stop the EDG.

Q. Can you predict how quickly the coolant would leak

from the ligament cracks?

(C.E)

A. Coolant water could leak rapidly from ligament
cracks. The coolant water is under pressure of 40 psi. The
rate of leakage would depend on the number of cracks and their
widths. The leakage becomes critical when the expansion tank
(coolant reservoir) either cannot replace the loss of coolant
water fast enough or is depleted. A dangerous over heating con-
dition occurs when the temperature is high and the water low so

that the circulating coolant mixture consists of liquid and

vapor.




Q. Do you agree with FaAA's conclusion that the ligament
cracks are benign
Lecause the cracked section is fully
contained between the liner and the region

..of the block top outside the stud hole cir-
cle.181

(B,C,E)

A. It is not clear what FaAA means by this description.
FaAA describes the ligament cracks accurately as running be-
tween the stud holes and the liner counterbore, so the cracks
do‘run to the stud hole itself. We believe that FaAA is refer-
ring to the "apparent arrest" of the ligament cracks at the
liner landing ledge.lﬁl/ This conclusion as to the "apparent
arrest” of ligament cracks is based upon observation of liga-
ment crack depth on the EDG blocks, and unconfirmedl®3/ and in-
complete information regarding selected blocks of TDI engines

in non-nuclear service.

Q. Wwere ligament cracks "fully contained"” during the

testing of the EDGs?

r—
@
—
™~

14. at 5-1.

4. at 1-2 and 1-3.

- —
@ (s ]
w N
Ny, N
lH 4
a |

B at 1-10
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(AB,C,E)

A. No. The history of the ligament cracks on the EDG
blocks does not support the conclusion that they are "fully

contained” and therefore "benign." On the contrary, the large

‘41}' crack which occurred on the EDG 103 block during overload

testing ran from a stud hole at cylinder No. 1 which already
had a 'igament crack. Compare Figures 1-4 and 1-8, FaAA Block
Report. That comparison also discloses that after the overload
test was aborted, nine new stud hole to stud hole cracks had
jnitiated. Thus, even if the ligament cracks on the EDGs had
not propagated downward past the liner landing, they cannot be
described as benign. If the ligament crack is in fact arrested
at the liner landing ledge, it would appear that continuing
sufficient operating stress causes cracks to initiate and prop-
agate radijally and vertically from the stud hole with the liga=-
ment to adjacent stud holes or to the outer wall of the
block.184/ Fpinally, Figure 1-8 contradicts FaAA's assertion
that ligament cracks will not grow beyond the 1-1/2" depth of

the liner landing ledge, because it shows six ligament cracks

with a depth of 2 to 2-1/2." LiLeo'S recen revised Vversion
of Fiqwre \-8 i3 Lileo Exkbit B-15, and tE shows on
one. \iaament croc Waving oo L\Q_PQ—H ok L'le inches b
tha £ 3—'\\ conbroLdicds Fa RA'S Qgsgf\—]on.

184/ Note that Figure 1-8 of the FaAA Block Report shows that
most of the ligament cracks had reached a depth of at
least 1.5", the reported depth to the liner landing.




Q. Doesn't FaAA's data on cracked blocks in non-nuclear
service demonstrate that the ligament cracks are "benign® and

cannot have adverse "immediate consequences'?lﬁi/

(A,C,E)

A. . No. The unconfirmed information given in the FaAA
Block Reportl86/ does not support FuAA's conclusion at all.
FaAA concludes that the mechanism of crack initiation in the
cylinder block tops are low cycle fatigue during startup to
high load levels, high frequency fatigue from firing pressure

stresses, and overload rupture occurring at loads above rated

power levels.l87/ rThese factors, which also affect crack prop-

agation, are all related to the loads at which an engine is
run, that is, the higher the locad, the greater the stress and
the more likely is crack initiation and rapid propagation.

FaAA states the hours which the non-nuclear engines have run,
but does not disclose the loads at which they ran during those
hours. We beljeve it inappropriate that FaAA has relied at all
on the marine non-nuclear cases they cite. When asked why FaAA
had decided not to examine crucks in blocks other than at

Shoreham, Mr., Taylor of FaAA responded:

185/ FaAA Block Report at 5-1.

186/ 14. at 1-3 to 1-4,

o

87/ 1d4. at ii.




Well, the engines in the Marine service see
a different service than shore-based en-
gines. Their load profiles are different,
They're operated differently, and just
looking at the block for the COLUMBIA with-
out knowing the size of the liners, how
much the liners protruded, exact load his-

. tory, even if I were to go look at that
block, I would -- there's a wealth of other
data that would be pertinent that I don't
have yet and grobably would not be able to
reconstruct.188/

Mr. Taylor also testified that data such as load factors would
make examination of other cracked blocks useful. FaAA concedes
that non-nuclear engines generally operate at lower loads and

with fewer starts than nuclear diesels, .83/

04 AOA-AUE Lo —eng iRe—bloek—araeki—ilied—upon—by—Fahid

1
18

R

88/ Taylor Deposition at 40- 41. (Exhibit 59).
9/

FaAA Block Report at 4-3.

= standing—tAmerican—Buresu—of-Shipping)——tExhibit—68) .







Q. Do you agree with FaAA's conclusions that ligament

cracks and stud hole to stud hole cracks are predicted to occur

after operation at high loads and/or engine starts to high

l0ad?195/




EQcmtmuU& ar p- “‘3)

A. Yes. | But Fa understates the ,stresses to which the

blogks of the EDG a subjected, and tfus underestimates ©
likelihog@ and ragidity of the initjAtion of ligament cpacks
and and the speed of pyopagation
/j}/%hose crafks. Thus, FaAA h failed to demonstrate that
ligament cracks Are capable of reliaply with-

standi a LOOP/LOCA even

Q. Please expl@in why you believe t ese stresses are
derestimated by FAAA.

A. First/ FaAA understates pr ssure loads on t e block

by assuming

/
than the agtuzl value of 1700 Q;ﬁ or greater at

/ /

Sgicond, FaAA has not/zydperly d2termined/the pxelaadinq/’

str/ s or how much of the reload is borng/ y the liner cgiiar
ogto the liner landjng/lédge and how muc ’15 borne by t»é
block.137/ Faaa sta;es that "much” o;/the preload xg//
transrmitted to the’llner collar, dg;énd:nq upon se¢é1a1 vari=-
ables. But it 46es not address gﬁese variables #n terms of

4

/ /
their importapce or give any calculations. The liner collar

1

96/ 1d. At 2-3.

4

/
/




protrusion, or roudness,” above the Hlock top on the EDGs i

greater than carrent TDI specificatibons, and would result i

hird, FaAA has not culated the amount of !hermal load
he block due to thermAl expansion of the lin;}.lgg/ FaAA

9brxect1y points out thAt thermal expansion st/éss of the liner

will not all be tranq(;rred to the block, depending upon the //
/ /,
clearance between tﬁé liner and block.201// But there are no///

4
calculations of t)ie optimum clearance or/the amounts of strg¢Sss

J

not txansferred/ﬁnder those optimum copditions. Further,/Ehere
4

are no calcul;Eions of the actual cléarances in the blogks of
/

/ /
the EDGs, s¢ there is no basis for/FaAA's statement that "in-

Y 4
terferencq/stresses in the block/are as small as poﬁsible."ggi/ /

'

/
g
/
/

/

/
9§/ 14. at 1-5.
/

9/ Calculation "Einer/Ploudress of DG 103, Project No¢.

03315A", by John M. Lau, dated 6/10/84. (Exhibi¥ 64).

FaAA Block Repoyt at 2-2.

d. at 2-3. /
Id. a 3 /

14. /

/

/

/
/




ecessary to

the actual

be greatyr. Third,

of the
ses in the

s pattern is




Q.

nitiate and gropagate in the inder blocks?

)((:)FaAA predicts that these cracks could occur in fewer

than 100 starts from 0 to 90% power or above and/or steady

operation for over 100 hours at 90% or higher power, with a

block having minimum materijal properties.zgi/l The incorrect

and/or non-conservapive assumptions of FaAA and,its understated
peak total stresyg/figure of ksi (as compayd to the minim
ultimate tensife strength Af 32 ksi for a 2-1/2 inch secti
mean that tie cracks might well inijtia under FaAA's pyedicted
cordjtio in blocks flaving higher an minimum mate
jes for ASTW A48-64 Class A0 gray cast iro
of power or At steady operdtion for fewer an 100 hours,
any combindtion of thes factors. It is Aot possible t
t percentage/the FaAA conclusfon is in erro

cause t many variabYes, such as actu firing pressgdres, cyl-

lock and lipfer clearance, ang "proudness”™ of the liner




Q. FaAA predicts crack injtjation to occur at steady
running for more than 100 hours at 90% power or above.205/
WOuidn't one expect that at loads above 90% cracks can initjate
at fewer than 100 hours of operation? dvén thking all ok rhar{s
inkdridck gspidpkigdd bp dokkRév]

(ABH)

A. Yes. The higher the operating load, the fewer hours
would be required before cracks initiate. FaAA does not ad-
dress this issue.206/ This is a significant omissioéqs'g)90\
load on the EDGs is only 3150 kW, well below the required actu-
al maximum load of 3881 kW an EDG is required to carry during a
LOOP/LOCA event. After 10 minutes into a LOOP/LOCA event, two
EDGs must each produce a maximum coincident demand of about
3400 kW, or 97% of rated 10ad.297/ when this factor is com-
bined with accumulated damage from past start-ups and

operation, it is apparent that cracks can initiate in a block

during a LOOP/LOCA in mu:h less than 100 hours.

208/ 14.

206/ The FaAA Block Report dozs state that 110% load "is clear-
ly more damaging relative to 100% load than 100% load is
relative to 90% load" (at 4-1).

207/ FSAR Table 8-3.1-1 at 4.




Q. FaAA suggests that stud hole to stud hole cracks
might not be dangerous, because "the deepest measured crack in
this region (5 1/2-inch depth) did not degrade engine operation

. or result in stud loosening."208/ po you agree?

(B.C,E)

A. No. FaAA fails to state, indeed if it knows, when
this crack grew to a 5 1/2 inch depth or how long EDG 103 oper-
ated with this crack. Even if we assume that this crack grew
during the "abnormal load excursion™ affecting EUG 103 on April
14, the engine could only have run less than 2 hours before it
was shut down and the crack was disccovered.209/ The very deep
stud hole to stud hole crack contributed to the decision to re-
piace the block. Such cracks could cause the loosening and
breaking of the cylinder head studs, with consequent loss of
power ;nd overloading of the remaining cylinders. This condi-

' tion would probably lead to engine failure.

0. FaAA concludes that the cracked blocks on EDGs 101

and 102 can survive a LOOP/LOCA event if they have no cracks

between stud holes and if the block material of the original

208/ FaAA Block Report at 5-1.

09/ 14. at 1-2. EDG ran for 10 minutes after the "abnormal
Joad excursion,” then was run for 100 minutes before being
shut down when the 5" crack running from cylinder no. 1
was noticed.
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EDG 103 block "is shown to be sufficiently less resistant to

fatigue than typical gray cast iron, class 40.7210/ po you

agree?

(R)

A "No. The FaAA's conclusion is bas~3 upon a purported
ability to accurately predict crack initiation and growth in
EDGs 101 and 102 by "cumulative damage analysis of the known
experience during operation of DG 103 between 3/11/84 and
4/ /84.%211/ FaAA's analysis is based upon faulty premises
and insufficient data. FaAA cannot accurately predict whether
and when the cracks in the blocks of EDGs 101 and 102 may cause

a fajilure during a LOOP/LOCA event.
Q. What are FaAA's faulty premises?

A.( ‘FaAA bases its analysis on a "linear cumulative dam-
age approach (presented i<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>