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PROCEEDINKNKGS

DR. IOTTI: Let us begin.

The purpose of this meeting is to have a
discussion between CYGNA and the Applicant in
regard to questions CYGNA has asked to help them
come to a conclusion with regard to the
Applicant's affidavit on the cinching of

MS. ELLIS: Was this this August
letter, Dr. Iotti?

DR. IOTTI: You are correct. That
August 23rd letter which has a 84042.015
identifier on it.

MS. ELLIS: Right. Thank you.

DR. IOTTI: Okay.

MS. ELLIS: I will be quiet except to yeil
if I can't hear probably.

PR. IOTTI: Okay. Very fine.

So we will proceed with our discussions.

Miss Williams, do we want to agree on a

particular format or can we cssentially have a

free format?




I was going to suggest that we take the

questions as they appear in your letter in that

order and that the Applicant try to satisfy your

concerns on each of those questions,

Dr. LaPay of Westinghouse is still not
here. A lot of the work that led to the
attachments to the affidavit was performed by
Westinghouse.

So we may have to wait for some of the
questions until he appears.

But on Question 1 CYGNA asked the Applicant
to provide a detailed numerical breakdown on how
the stresses in Tables H, I, N and O of the
affidavit were obtained.

What I propose to do now is take them
through a particular example.

T happened to have worked out for the
four-inch Schedule 160 pipe the example that would
lead them to the numbers that appear in those
tables.

So with that preamble, maybe the best bet

is for me to refer you to the Table on page 58 of




Attachment 3 to the affidavit.

Do you have that? That is Attachment 3.

DR. BJORKMAN: Right.

DR. IOTTI: You are there.

DR. BJORKMAN: I recognize that the stresses
in Table H did come from page 59 of Attachment 3,
but my --

DR. IOTTI: I know. It's not e&sy to get --

MS. ELLIS: Whoever was talking there I
can't hear. I'm sorry.

DR. IOTTI: Mrs. Ellis, that was Dr.
Bjorkman of CYGNA. He was just mumbling to
himself.

MS. ELLIS: I'm sorry to have interrupted
Dr. Bjorkman.

DR. BJORKMAN: What I wanted to say was I
recognize that these stresses in Table H do come
from page 59 of Attachment 3.

But the question really is where do the
stresses then on page 59 of Attachment 3 come
from.

DR. IOTTI: That is what I'm proposing to do



right now.

It is not easy. In fact, it's well nigh
impossible to go from one page to another without
going through several iterations back and forth.
So this is going to take some patience.

But we will start from the stresses that
appear on page 58 of Attachment 3 to the
affidavit.

These stresses are for a four-inch Schedule

160 pipe and they reflect stresses on the inside

surfaces and the outside surfaces of that pipe at

a particular location, essentially right beneath
the backing plate.

The first point that is made on that Table
is that the longitudinal stresses and
circumferential stresses as predicted by the
Finite Element Analysis are essentially coincident
with the direction of the principal stresses.

There is minor differences. So, as far as
this discussion is concerned, we can talk about
principal stresses or we can talk about

longitudinal and circumferential stresses in one




and the same breath.

Secondly, just for point of clarity,
anything that is preceded by a negative sign in
terms of stresses is defined as a compressive
stress. Positive stresses are defined as tensile
stresses.

First of all, Dr. Bjorkman, if you go to =--
if you want to find a confirmation of the maximum
circumferential stress, for instance, you can go
to page 71 of Attachment 3 and you will find that
the 44.79 ksi that appears as the maximum
circumferential stress on the inside surface on
page 58 is, in fact, the maximum circumferential
stress in element 627. That's the first one.

DR. BJORKMAN: Correct.

DR. IOTTI: What you will have difficulty to

find is the corresponding 10.49 ksi, which is the

longitudinal stress because what the Table on page

71 prints out, it's only the maximum stresses and
it doesn't distinguish whether they appear on the

inside or on the outside surface.

So at that point it's impossible for an




outside person to follow the derivation unless led
through it by people who have done it.

So I'm not surprised at your inability to
get from one point to the other.

The 44.79 ksi tensile does appear --
circumferential stress does appear on the inside
surface.

Incidentally, the corresponding maximum
longitudinal stress, minus 26.65 ksi, which is
compressive, occurs on the outside surface, and
the corresponding inside surface longitudinal
would only be 10.49.

Now, you cannot know this from that. You

have to go the Finite Element Analysis output.

Scmething we can provide you separately, we
have tabulated for the elements that have the high
stresses the inside and outside surface stresses.
Otherwise it becomes, again, very difficult,

So what you will see in a piece of paper
that later on I can give you is for the pre-load,
pre~load plus thermal, pre-load plus thermal plus

pressure, pre-load plus thermal plus pressure plus




the push for the four-inch, ten-inch Schedule 40,
ten-inch Schedule 85 and thirty-two inch. We will
print out the longitudinal circumferential maximum
stresses both for the inside and for the outside
surfaces because these are the figures that we
will be discussing at all points in time.

Well, now, that's step one.

Now, step two is, of course, how do we get
from that Table on page 58 to the next Table on
page 58,

I think that is fairly straightforward.

The Table on page 58 at the top of the page
cnly refers to stresses as printed out from the
Finite Element Analysis. These are local effects.

We need to add to those local effects, as
far as the lcongitudinal stresses, the stresces
that are already present due to a pressure,
longitudinal pressure stress.

So all you see is, for instance, th: 10.49

ksi longitudinal has now been augmentad by 4.8

ksi, which represents the longitudinal pressure

stress, to 15.29.
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Now, in addition though to the longitudinal
pressure stress there are other longitudinal
stresses that need to be added.

And now I have to -- you know, at this
point you're kind of lost. There is a big gap
between page 58, the last table on page 58, and
the table on page 59.

First of all, there is a longitudinal
stress which would come from an Equation 9, the
piping moment stress, which has been estimated to
be plus or minus 12.146 ksi. This has been
estimated on the basis of maximum stresses that
could occur at the elbow and working back to the
stress that might appear in the straight portion
of the piping system due to the maximum stresses
at the elbows.

DR. BJORKMAN: Are those --

DR. IOTTI: Those are the ones --

DR. BJORKMAN: -- the stresses found on page
567

DR. IOTTI: Those are the stresses that are

found on page 56, correct.



And 12.146 is the Equation 9 piping moment
stress at the pipe hander, and the affidavit tells
you how that is derived.

For further reference, on page 57 there is
also the secondary piping moment stresses, which
is 22.45.

Now, to arrive at the s.ress intensities we
have to construct a Mohr circle.

And I am showing Dr. Bjorkman a Mohr circle

for the particular, in this instance is the inside

surface, because what we need to do is keep

separating the inside surface and the outside
surface.

The principal stress in the Mohr circle
which coincides with the circumferential stress is
44.79.

Now, the other principal stress just due to
local effect plus the longitudinal pressure stress
is 15.29. That happens to be inside the circle
because it is still a tensile stress.

From that we have to subtract a minus

12.146, which is the Egquation 9 moment stress, and
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also an additional minus 22.49 from that point,
which is the Equation 12 piping moment stress.

That gives us a total negative or otherwirs
compressive stress along the longitudinal or the
second principal stress of minus 19.346 which,
when added to 44.79, should give us and does,in
fact, give us the 64.14 ksi that appears as that
total stress intensity on page 59.

DR. BJURKAPN: Okay. That is clear.

DR. IOTTI: Okay.

DR. BJORKMAN: That is clear where that came
from.

DR. IOTTI: And likewise you can derive the
same numbers for all of the remainder.

Now, that essentially answers the questicn
as to now the stresses in Table H of Attachaent 3
-- I have to refresh my memory -- of the
atfidavit. I guess that is Table H.

DR. BJORKMAN: That is correct.

DR. IOTTI: The next portion that I will
address is how the stresses in Table I are derived

which then deals with how do you split the total



stress intens _, into a primary stress intensity
and secondary stress intensity.

There is a variety of ways in which that
can be done. The most straightforward way to show
you this is to derive the primary stress intensity
and then the secondary stress intensity is derived
by subtraction from the total.

Again, let me take vou through either the
outside or the inside surface. It doesn't really
matter.

To arrive at the primary stress intensity
we have 10 subtract out the secondary portion of
the circumferential stress which has been printed
out by the Finite Element Analysis.

The way we did that was to take the case of
the pre-locad plus thermal, which would be given on
page 59 of Attachment 3, which essentially is 39

point -- am I looking at the right number? That

is the wrong page. If you go to page 69 -- I beg

your pardon -- of Attachment 3, you see the case
pre-load plus thermal and see a maximum

circumferential as minus
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9.305.

As it turns out, that happens to be on the
outside surface. The only reason I'm mentioning it
is at least you have a figure that you can refer
to.

Now the corresponding one on *“he inside
surface I'll give you in a second. I have to go to
a different page. On the inside surface for the
pre-load plus thermal would be a 32.57 tensile.

Now, that doesn't appear in any of the
information that you have. We will have to make
this available to you.

Now, we have to subtract -- to just arrive
a. the secondary portion of the circumferential
stress, we will subtract from the pre-load plus
thermal the stress due to pre-load alone, which
appears on the page before, uliich on the outside
surface would be minus 26.09 and on the inside
surface it would be a plus 21.76.

On that basis then you would arrive at the
-- let's see, on the outside surface a minus

39.06, minus a minus 26.091, would give you a



primary circumferential stress of minus 20.856
ksi, because the difference that we subtracted out
is 13.214, which is the difference between the 39
point =-- I cai't remember these numbers -- the
39.06 -- sorry, 39.3 and the 26.09.

And when you subtract that out from the --

I'm working with the outside su. face. So let me

work with the inside surface because I gave you

all the numbers for the inside surface.

For the inside surface it would be
forty-four -- first of all we calculate the
difference between the pre-load plus thermal and
the pre-load only. That would be 32.57 minus
21.76, we get 10.81.

Now we go back to the Mohr circle
circumferential, which was 44.79. Remember that on
page 587

So 44.79 minus 10.81 gives you 33.98, which
would then be the primary <circumferential.

We derive the primary longitudinal in the
same fashion. We take the difference between the

pre-~load plus thermal and the pre-load, subtract
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that out from our Mohr total longitudinal, and we
will end up with, as it turned out, a primary
longitudinal of minus 1.096.

So then the total of 33.98 minus a minus
1.096 gives a 35.1.

Let me tell you that the 35.1 is different
from what you see in that Table of 31.6, and the
31.6 was an error because inadvertently what they
had done is subtracted out an outside surface
stress from an inside surface.

So I went back and did all of this. I
rederived that number. That should be 35.1.

DR. BJORKMAN: 35.1?

DR. IOTTI: 35.1

And I checked it with Bill LaPay and he
concurs.

You are r .t the only one confused. The
people who did it tend to mix numbers on occasion.

All of this has been again checked and
doublechecked.

Did you follow that, Dr. Bjorkman?

DR. BJORKMAN: Yes.



DR.
slowly?
DR.

The
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IOTTI: Or should I go through it more

BJORKMAN: No.

basic reasoning is what I'm looking

for. And with the additional information --

DR.
can derive
without it
example. I
you.

DR.
helpful in

DR.

IOTTI: We will give you this table. You
your own. You need to have this because
-- in fact, actually I can give you the

can have it written up and given to

BJORKMAN: That would even be more
tracing it.
IOTTI: Right.

So that then would answer the guestion as

to how you

arrive at Table I.

Needless to state, the secondary stress is

just derived by subtracting the primary stress

intensity from the total stress intensity.

And, of course -

MS.
DR.

MS.

BELLIS: Doctor, ==
IOTTI: Yes, Mrs. Ellis?

ELLIS: =-- excuse me. This is Juanita
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Ellis.

I can't hear -- I guess that was Dr.
Bjorkman again. I can't hear him at all.

And you kind of have a tendency to drop
your voice towards the end of your sentences.

Would it be possible -- I guess you'll be
doing most of the answering on this. Would it b
possible for you to maybe move a little bit clcser
to the sgqwauk box?

DR. IOTTI: I don't think you can do t!at.

I will try and speak loud, Mrs. Ellis, and
I have also moved closer.

MS. ELLIS: I think that would probabl r help
a lot.

And if you would sort of repeat what Dr.
Bjorkman says, I think that might be helpfi.l.

DR. IOTTI: Let me recapitulate, anc I don't
want to put words in Dr. Bjorkman's mouth, but
what Cr. Bjorkman was mostly interested ' n was not
in the actual numbers but in the approac. taken to
derive tiie stresses that appear both on Table H

and on Table I.
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I took him through an example that shows
the approach. I actually worked out some numerical
numbers, and I also told Dr. Bjorkman that I will
give him in writing the particular example that I
worked out so that he can work the numbers for
himself.

And I further told him that I would provide
him with the table that lists the longitudinal and
circumferential mnaximum stresses for all of the
various loading cases both on the inside and
outside surfaces because without that table he
would not be able to derive any numbers on his
own.

MS. ELLIS: Very good.

And will you provide us with -- any
documents that you provide to them, obviously we
would like to have also.

DR. IOTTI: As you know, you get everything
that we give anybody. So, no doubt.

MS. ELLIS: By the way, I think that someone
must have moved you a little bit closer or moved

the sgwauk box. You sound much louder now.
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DR. IOTTI: Yes. They are working feverishly
to either move you closer or destroy the box,
whichever comes first.

(Laughter.)

MS. ELLIS: 1It's helping. Thanks.

DR. IOTTI: Okay.

We will continue on their question which
then deals with how do we derive values that
appear in Table N of the affidavit, and I have to
refresh my memory for a moment as to what N is.

Okay.

Table N cf the affidavit, which is on page

MR. MINICHIELLO: 67.

DR. IOTTI: 67, right.

That table, appearing on page 67, refers to
a different approach tnhat was taken to evaluate
whether the stresses resulting in the pipe from
the cinching of the U-bolt would be acceptable.

This is the alternative approach.

That alternative approach requires us to

evaluate the primary membrane portion of the



21

U-bolt, pre-load, push and pressure stress.

In order to do so, what we did we actually
averaged now the inside and outside surface and,
unfortunately, Dr. Bjorkman I'm sure will have a
hard time remembering some of the numbers that I
just ran through.

But the -- for instance, the primary
circumferential stress on the inside surface after
we had gone through all these numbers turned out
to be 33.98 ksi. On the outside surface it was
minus 20.856 ksi.

That gives us an average circumferential
stress through the membrane of 6.56 ksi.

Similarly, the primary longitudinal stress
on the outside surface one could calculate to be
minue 27.496. We had gone through it. And on the
inside surface it was this minus 1.096.

So the average on the stress intensity
across the membrane is minus 14.296 ksi.

And when you put it on a Mohr circle, which
is essentially a stress block, what you do is add

the circumferential which is oriented in a
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principal stress direction and the longitudinal
which is oriented in the other principal stress
direction; so that the total turns out to be a
20.86.

Now, that compares to the 20.99.

Now, the reason that there are differences
in the decimals is that different people round off
differently. But in effect this is how the
Equation 9 stress that appears in Table N is
derived.

You can go through the same exercise then
for the secondary stresses which are Table O
where, first of all, here you have to subtract out
those portions of the stresses which are
non-cyclic in nature because we are comparing the
stresses versus the allowables of Equation 10.
Equation 10 only considers cyclic stresses.

So we have tc subtract out from the stress
intensity that we had derived for inside and
outside surfaces that which was due to pre-load
alone, pre-load not being considered a cyclic

stress.



When we did so, we again generated a stress

block where -- the easiest way to do this is

remember the total secondary stress intensity,

subtract out -- I mean the total stress intensity,
subtract out the pre-load, arrive at a
longitudinal stress of 50.03. Likewise for the
circumferential stress, you subtract out the
pre-lcad portion, you arrive at a minus 8.

And then when you add -- is it minus 8 or
minus .8? No, minus 8.

So a minus 50.03 and a minus 8, the stress
intensity in the Mohr circle would still just be a
minus 50.03 because the two principal stcesses are
on the same side.

For the outside surface one would calculate
a stress intensity of 50.03.

For the inside surface, a similar process,
one would calculate a 50.6.

So again, that compares to the 5(C.8 which
appears on page 68.

MR. MINICHIELLO: I have a question, Doctor.

DR, IOTTI: Yes.
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MR. MINICHIELLO: I have a question.

The maximum stress intensity was 64 ksi.
PR. IOTTI: That's total, yes.

MR. MINICHIELLO: Total.

And you are going to subtract out

ef{ectively from that the pre-load alone stress or

stress intensity.
That's what we are saying, correct?

To get to this Equation 10 stress in Table

DR. IOTTI: Yes.

MR. MINICHIEiLO: -- you want to go back to
stresses and then make up a Mohr circle, but you
want to go to the stresses that made up this 64
ksi.

DR. IOTTI: Yes.

And take out of that anything that is
non-cyclic in nature, which would be the primary
-- you know, like the membrane stress due to
pressure and the pre-load effect, if you will.

Or if you will, just take the pre-load

effect out.
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DR. BJORKMAN: There are times when you are
talking about stress intensities when you --

DR. IOTTI: 1 should be talking about
stress,

DR. BJORKMAN: =-- should be talking about
stress. We understand what you mean.

DR. IOTTI: It's the same.

That's right. I should be very.specific
when I talk about stress intensity and when I talk
about stress.

You always start from stress and eventually
construct a Mohr circle.

You can't just go and subtract out stress
intensities.

DR. BJORKMAN: Correct,

DR. IOTTI: Okay.

So when I meant subtracting out the
pre-load, I meant going at the beginning from the
stresses, subtracting out from those stresses the
portion due to pre-load and then construct a Mohr

circle or a stress block.

So that concludes the explanation that I




have on Question 1 of CYGNA.

As I say, there is some material that we

will make available to them and we will forward a

copy of that material to you, Mrs. Ellis.

MS. ELLIS: Thank you.

DR. IOTTI: I propose to go on to Question 2
if there are no further questions from CYGNA.

DR. BJORKMAN: No. We have no questions at
this time.

DR. IOTTI: Okay.

Mrs. Ellis, it has been suggested that we
take a break at this time to have coffee and sweet
rolls. Maybe you should take a break also from
listening.

We will alert you when we get back or call
us when you are ready and we will not start
without you being on the phone.

MS. ELLIS: Okay. About how lcng are you
going to take?

DR. IOTTI: I would say ten minutes.

MS. ELLIS: Okay. Very good.

DR. IOTTI: Thank you.




(At 10:05 o'clock a.m. there was a recess

in the proceedings.)

(At 10:15 o'clock a.m. the proceedings were
resumed.)

DR. IOTTI: "“a are going to resume,

MS. ELLIS: Right.

DR. IOTTI: And we are going to go on to the
second question.

The second question has to do with whether
the pre-load is to be considered as a cyclic or
non-cyclic load and whether a fatigue evaluation
should, therefore, be performed that includes the
effect of the pre-load or whether the pre-load
should not be considered.

I guess it is CYGNA's position that the
cinching of the U-bolt may be periodic for
whatever reasons,

Applicants would like to state that they
disagree.

I don't know where we go from here other
than, I guess, just for purely academic reasons,

even if one were to conduct a fatigue evaluation
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including the pre-load, one would find that you

certainly are going to allow yourself a lot more
cycles than you could ever possibly think of of

cinching and uncinching the U-bolt.

And just for CYGNA's information, such a
fatigue analysis would be performed in accordance
with Appendix 13, Article 1153 where one would
calculate the equivalent elasto-rlastic factor and
then increase the alternating or derive the
alternating stress from the product of this
particular factor times the maximum stress range
that had been computed; and then, using the
fatigue curves for ostenetic steel, for instance,
derive the number of cycles that the specimen
could be subjected to without adverse effects.

S0 I think the question is really an
academic one, whether we agree or disagree. Even
if you were to include it, you still wouldn't have
any problem with fatigue.

DR. BJORKMAN: Okay.

DR. IOTTI: The third question -- if there

are no -- is that sufficient?
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MR. MINICHIELLO: I don't have any
guestions.

DR. BJORKMAN: I don't have any questions.

DR. IOTTI: The third question, we were a
little surprised.

Apparently CYGNA is under the impression
that the ten-inch pipe test was only conducted at
either 4,009 pounds applied or something less than
that.

The actual, what we call the seismic test,
was really a test conducted at a single frequency
of nine hertz; applied the load which was, at
least at the beginning, in excess of 10,000. And
after about twenty-one seconds finally got down to
about 8,600 pounds.

So the load that the actual test specimen
saw was in excess of the emergency load that the
ten-inch pipe would see.

Maybe that wasn't clear from our
explanation, but I would refer you to the seismic
test, what we call the seismic test, on Attachment

1.



As you can see --

DR. BJORKMAN: Yes. I see on page 91 --
DR. IOTTI: Right.

DR. BJORKMAN: -- Figure 1.

DR. IOTTI: Right.

DR. BJORKMAN: The magnitude is there.
DR. IOTTI: So, in fact, that is why we

chose to do the additional test to make sure that

there would be no question of not having applied a

sufficiently high load to cover the emergency
case.

For your information, Mrs. Ellis, CYGNA is
caucusing.

80 ==

(There was a brief recess in the
proceedings.)

DR. IOTTI: If you have another question on
that, why don't we address it when we get there.

DR. BJORKMAN: Okay.

MR. MINICHIELLO: I see your explanation in
terms of the level of the load.

DR. IOTTI: Yes.




MR. MINICHIELLO: My question was in the --
came out of the affidavit where in the affidavit
it seemed to imply 4 kips was the maximum in one
place, where if you look at the tables, 6.7 kips
was the maximum.

At the time I was trying to tie it
together.

DR. IOTTI: We can certainly see where, due

to the complexity of this affidavit and the many

issues that have been addressed simultaneously,

one can get rapidly co>nfused in reading through it
and may miss a piece of information or may not
necessarily understand how that information was
put in and for what purpose.

We had a very short time to put this
affidavit together.

So a lot of these questions are probably in
the nature of additional explanation more than any
disagreement because if I were -- if I hadn't
written this and somebody was asking me questions,
I1'd be hardpressed to understand it.

I guess you still have a concern with the




seisic test with regard to the frequency, whether

that's a proper or improper seismic test.

But you have an additic :al question
that, sc why can't -- I would suggest that
defer that to that question.

I would like to go on to Question 4 which
has to do with the justification for using 250
degrees as a maximum temperature for the ten-inch
pipe.

The 250 degrees, it was essentially a
compromise decision that was reached.

The ten-inch lines that are employed at
Comanche Peak are employed on the following
systems: Containment sprays, component coocling,
shield water, auxiliary feed water, safety
injection, service water, residual heat removal,
spent field pool cool, vent air and fire
protection.

Of all of those systems the only ones that
are really anywhere in the high temperature or
possibly relatively high temperature range are:

Containment spray -- which would be limited




to the temperature that you would see in
containment during a resurge and that's less than
250.

The component ccoling is less than 250.

The safety injection and the residual heat
removal under certain operation could see
temperatures which are in excess of 250.

Normal RHR at the beginning of the
operation could be as high as 280.

iou could, in fact, during normal shutdown,

that portion of the line that takes suction

directly from the primary system would start at

280.

he ==

MR, MINICHIELLO: I thought it was 350.

DR. IOTTI: No.

350 requires some upset condition.

There are instances that you could consider
where you might operate that line at 350. But the
normal operation is 280 for shutdown.

MR. FINNERAN: And this line is insulated.

DR. IOTTI: Now, what we had to decide is




what would be the worse: A 250 uninsulated or a

280 or whatever insulated in terms of the relative

thermal expansion.

And we opted to use 250 uninsulated because

it is far more representative of the vast majority

of the cases that we have in the plant.

We could have gone to 280. We could also
have gone to 350.

I guess maybe, Bill, you may want to make
some comments.

For the ten-inch line, the thermal at those
relatively low temperatures, does not represent a
substantial portion of the load.

So from the Finite Element Analysis we can
derive what the impact would be in the final
answers if we were to increase the temperature.

Again, here, what we were trying to do is
do a test and do a Finite Element Analysis to
correlate the test because then the Finite
Element Analysis would then become more true for
determining what changes might be precipitated

from any differences in conditions in the plant




from what has actually been tested.

But that's the reason that we use 250.

PR. LaPAY: I can confirm exactly what Dr.
Iotti has said.

Looking into those stresses due to the
temperature, there is not -- it would not change
the conclusions at all.

The 210 degrees is representative of the
actual line temperatures, whereas the 250 degrees
in the test is more of an envelope, a higher
value, in our opinion.

And looking at the stability of the U-bolt
to higher t2mperature, it would not change. It
would still be a stable system.

The stresses in the pipe would still be
within acceptable limits.

MR. MINICHIELLO: I just want to clarify one
thing.

The portion of the RHR safety injection

system that contains ten-inch piping, is that the

portion taking direct suction from the primary

load?




MS. ELLIS: I m sorry. I couldn't hear that

part at all.

MR. MINICHIELLO: 1Is that the portion -- is

it connected to the portion taking direct suction

from the primary locad?

DR. IOTTI: I believe there is -- how many
of these U-bolts in that portion of the ten-inch?

MR. FINNERAN: There is only one.

DR. IOTTI: One.

MR. FINNERAN: There is only one U-bolt on
RHR ten-inch line, and I don't know what part of

the system.

DR. IOTTI: We =are going to confiim it to

MR, MINICHIELLO: The only reason I'm asking
that is that I thought, if it's the system that I
think it ie, if it's on the back side of the heat
exchanger, then the 280 I believe is correct.

We have reviewed through the Gibbs and Hill
analysis both sides of the heat exchanger and I
think the 280 is the right number.

The reason I ask about the 350, if you are




on the front side, before you hit the RHR heat
exchanger, I think the maximum was 350.

DR. IOTTI: Or if you lose the heat
exchanger as an upset condition, if you lost
component cocling to the heat exchanger.

MR. MINICHIELLO: Yes.

MS. ELLIS: The last part faded again.

DR. IOTTI: We were discussing what maximum
temperature a ten-inch line could see under
certain operating conditions of the plant.

And the last sentence had to do that there
is a portion of the ten-inch line which may or may
not contain one of these cinched U-bolts -- we
will have to confirm that -- which, if it's in
front of the heat exchanger, "in front" meaning in
the flow flowing into the heat exchanger, could
see a temperature of 350.

That temperature could also be achieved

after the heat exchanger if the component cooling

water flow to the heat exchanger were to be lost.
guess, in summary, the Applicant has

provided CYGNA with their explanation as to why
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they chose 250 ac a temperature to test the
ten-inch specimen.

They've further -- Dr. LaPay of
Westinghouse provided an explanation as to what
the consequences would be in terms of piping
stresses or pre-load's inability of the cinched up
U-bolt to maintain, quote, its configuration, if
the temperature were to be increased to a higher
temperature.

And his conclusion is that there would be
no adverse consequence from that because the
amount of stress caused by the thermal at this
lower temperature is not very significant.

That brings me to Question 5.

Bill, could I ask you to take on Question 5
for me while I go upstairs and get another piece
of paper that may help us.

DR. LaPAY: Sure. No problem.

DR. IOTTI: Question 5 has to do with the
agreement between the measurements of the tests in
terms of stresses, stresses deduced from the test,

and those predicted by the Finite Element



Analysis.

DR. LaPAY: To respond to this question, no
attempt. was made to further quantify the results
in what was already reported since the comparison,
we considered, was reasonable in the area of
significance.

Let's take the ten-inch, for example, the
results as given in Attachment 3.

Looking at Attachment 3, the results are
given on pages 36 and 37 for the ten-inch,

referring to strain gauge locations on page 34,

Figure 2.

Looking at those results, one can see in
the area of significance, which is around the
crosspiece, the ~-- in looking at strain gauge

locations A, B and C, the comparison between

analysis and test is reasonable and within proper

sign and magnitude recognizing that the fitup or
gap closure between the pipe and the U-bolt is
different.

Looking at the strain gauges D and E, the

test does show a drop off faster than the
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Analysis, but this is explained by the fact that
the crosspiece was bowed and, therefore, it was
bowed where the edges were actually not -- there
is about a -- it states in there I think a
sixty-fourth-of-an~-inch or so, that it's bowed
upwards so the crosspiece is in contact prior to
the edges.

DR. BJORKMAN: The crosspiece is in contact
more at the centerline of the U-bolt than the
outer edge?

DR. LaPAY: Correct.

Therefore, you would get a stress dropoff a
lot faster.

MS. ELLIS: I couldn't hear that gquestion.

DR. BJORKMAN: I just commented that the
point of contact really is more at the centerline
of the U-bolt than it is at the edge of the
crosspiece, and Dr. LaLap confirmed that.

DR. LaPAY: Further, there were some studies
performed that indicated that the distribution of
stress within the crosspiec? is dependent upon the

fitup between the U-bolt and the pipe.



Therefore, a U-bolt that is constraining
the pipe, you will get a more concentrated load
towards the middle than at the edge.

And it was a known fact in the test that
the fitup between the U-bolt and the pipe was
different than what was used in the Analysis
because we could actually look and see the gaps.

Now, we further, down in the area around G,
H, I and J, of course there were differences, and
this was definitely recognized that there would be
differences because the contact points between the
Analysis and the test were different.

But this area is where the stresses in the
pipe drop down considerably compared to the
contact point between the crosspiece and the pipe.

Further, the sign difference, of course,

could occur, that there were differences, because

the magnitude of stress is quite a bit lower. They

were small. So you would expect that you could
possibly have a sign difference. This doesn't
indicate anything of significance because they are

small.




Where we do get proper boundary conditions

between Analysis and test, we do get a good
agreement,

Further, it's important to note that the
difference between test and Analysis indicates
that the Analysis results are always giving higher
values which are conservative when evaluating the
stresses.

So that was a benefit. That was really not
a benefit so much as it demonstrates that the
Analysis results would be conservative.

Therefore, based on this comparison and
recognizing the differences in the boundary
conditions, we felt that we had a good comparison
for our purposes and no attem t was made to
measure gaps in the test contact points or to
refine our measurements of the stresses throughout
the pipe by adding additional strain gauges,
because that would be beyond the scope of what we
intended to do.

DR, BJORKMAN: I have one additional

question,



Do you know offhand what the gauge length
of these gauges were?

DR. LaPAY: No, I don't., Unless they were
given in this test, I don't know offhand.

DR. BJORKMAN: I didn't see it in there. I
was just wondering as a point of interest.

DR. LaPAY: That is something we can --

MR. FINNERAN: We can provide that to you if
you would like to know.

DR. BJORKMAN: Yes. It would be interesting.

MR, FINNERAN: Okay.

DR. LaPAY: We will get you that
information.

MS. ELLIS: Those last couple of sentences I
couldn't hear at all.

MR. FINNERAN: We are going to provide to

CYGNA the gauge lengths of the strain gauges used

in the test.
MS. ELLIS: Okay.

MR. FINNERAN: We will provide the same to

you, Mrs. Ellis.

MS. ELLIS: Okay.




DR. LaPAY: Any other gquestions of 5?7
MR. FINNERAN: Mrs. Ellis, we just spilled a

coffee, so we are just trying to clean that

Just a second.

MS. ELLIS: Okay.

(There was a brief recess in the
proceedings.)

MR. FINNERAN: We are ready to start back up
again, Mrs. Ellis.

MS. ELLIS: Okay.

DR. BJORKMAN: I think one of the reasons
for just asking the question was to find out if

any additional particular Finite Element tests

might have been run which might have, for example,

placed gaps in regions where gaps were observed in
the test, to try and basically correlate some of
the information.

We recognize, particularly in Regions G, H,
I and J, because of the fitup problems, that you
are not going to get close correlation here.

And we also recognize the problem with the
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crosspiece which, I believe, was mentioned in the
report and that we cannot exactly duplicate in the
Finite Element Analysis all of the boundary
conditions exactly.

One of the purposes of the question was to
just see if anything further had been done there.

DR. IOTTI: The only thing that was done
that you might consider further was not along the
lines that, of modelling gaps to better simulate
what the test conditions were because, as you say,
that can be very, very difficult,

Ebasco, independent from Westinghouse, did
run, at least for the pre-load case alone, a
totally elastoplastic both pipe and U-bolt
analysis.

In other words, we let the material do what
it wanted to verify whether, in fact, that stress
pattern that we saw emerging from their analysis
-= which showed a fairly significant stress
reversal as you moved away within a very small
region of the pipe, as you moved away

longitudinally as well as circumferentially from a
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backing plate -- whether it was something that was
a result of having done a elastic analysis

and an jmproper Finite Element Analysis, if you
will.

What, in fact, we did was to confirm that
that is truly there.

And that may be one of the reasons also why
in the regions where you predict low stresses from
the strain gauges -- and then you also have to
remember that the strain gauge is only in one
direction, Of course, it will read a lower stress
than what it actually has. Okay.

It is very possible that by just missing by
maybe less than a half-inch in some instances the
location of strain gauge versus where the stresses
are predicted by the Finite Element Analysis, you
can, in fact, predict the tensile stress where you
have a compressor.

And that kind of us satisfied us that the
Westinghouse analysis was correct; that we weren't
overly concerned over the fact that we weren't

simulating the very high stresses.



what it also told us though is that we

didn't see as high a longitudinal stress as you
did away from the backing plate either. Our
stresses were lower,

So we would get better agreement.

Unfortunately, we didn't use the same size
pipe as you did. We happened to model an
eight-inch primarily because we knew that CYGNA
had modelled an eight-inch at one time.

But the pattern is essentially the same
although we will observe a more rapid decay of the
longitudinal stress away from the backing plate
because we modelled the plasticity between the
backing plate and the pipe.

And I think that tends to give you less of
an effect on the longitudinal stress as you move
away from the backing plate up on the top of the
pipe, if you follow what I mean, up in here.

DR. BJORKMAN: Yes.

DR. IOTTI: These dimensions -- each of

these elements is like a half-inch or so and

within about two inches of the edge of the backing




plate.

Our longitudinal stresses went from =--
let's see -- sigma y. This is top su.face. Of
course, this is the inside surface.

But you can see it dropped far more

significantly when you arrive up here than =--

theirs was still as high out here as it was right

at the backing plate.

And my modelling everything
elastoplastically we found that we do get some
plastic deformation way up here and these stresses
drop.

DR. BJORKMAN: So the -~

Basically the element at the -- the finite
elements, elements or element, at the point of
contact of the backiug plate with the shell were
plasticity elements?

DR. IOTTI: It could be. They showed a very
small amount of plasticity right underneath the
backing plate.

MS. ELLIS: I couldn't hear that last

exchange at all.




DR. IOTTI: The element right underneath the
backing plate showed a very, very low amount of
plasticity right underneath.

Bill, did you also run that?

DR. LaPAY: We ran a plasticity analysis

And I think the level of plasticity in our

case didn't reach as high a maqnitudo.whoro we got

the dropoff.

Those reports -- our plastic analysis is
reported on page 60 of Attachment 3.

And there you can see the difference
between the elastic and plastic analysis, and D
and E string gauge locations are about the same
order of magnitude. Nothing of significant dropoff
there.

DR. BJORKMAN: Which indicates that you are
probably at a low level, very localized
plasticity.

DR. LaPAY: Right.

DR. IOTTI: Correct.

DR. BJORKMAN: Okay.




DR. IOTTI: Anyhow, you asked whether we

have done anything else. That's really the only
thing that was done in addition.

It was more of a verification to provide
ourselves with the assurance that the Westinghouse
models were predicting the correct stresses, the
correct pattern of stresses in the pipe as well as
in the U-bolt and the backing plate more than
anything else.

And it was done on a separate model,
totally independent.

DR. LaPAY: To respond to your other
question that you asked previously on the active
gauge length, those are given in Attachment 1 on
pages 14 and 15 with the torque versus pre-load
test.

DR. IOTTI: Quarter~-inch.

DR. BJORKMAN: That is fine.

DR. LaPAY: Okay.

DR, BJORKMAN: Okay. Fine.

DR. IOTTI: Want to go on to 6?

DR. BJORKMAN: Sure.




DR. IOTTI: Okay.

Six asks the guestion with regard to
sufficiency of pre-~load to preclude slippage
during a seismic event after the pipe had been
heated and cooled and the support loaded and

unloaded.

Or, in other words, given the variability

between the torque and pre-load relationship, is

it not possible that the pre-~load may be lowered
below the level required for stability?

Our answer to that question is that we
don't believe that that is possible.

Wa loaded the specimens for the long-term
vibration test as well what we call the seismic
test to 2 pre~load level of 50 foot pounds,
although the Finite Element Analysis had indicated
that we could have lowered that pre-load level and
still have achieved stability.

At that particular pre~load level we really
did not see or what we consider very significant
relaxation at least for the specimen we tested

primarily because at the pre-~load level the
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general stress in the U-bolt is below the one-half
of yield.

A lot of the tests that show significant
relaxations were tests that were conducted not at
that pre-load level but at a pre-load level which
was double, which placed the level of stress in
the U~bolt higher than one-half of yield.

Okay.

To place this in perspective, I guess, if
you were to take the total percentage reduction
from the 50 foot pounds pre-load and assumed that
that is the same percentage in reduction load as
you would get as if you started with a one hundred
foot pounds pre-load -- because that's the only
data we got, from the one hundred foot pounds up;
we saw significant relaxation, okay -- you would
end up with a total relaxation of about
thirty-three percent after you vibrated.

I1f you take thirty-three percent out of
fifty foot pounds, you end up with approximately
thirty-two/thirty-three foot pounds.

We had run as part of the test a pre-test
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which nad this thing, the specimen, only loaded to
thirty-five foot pounds and that showed stability
at thirty-five foot pounds.

What we did not attempt to ever do is
keep lowering the pre-load until it became
unstable.

We know at a certain level it would be, not
unstable in the sense of not being able to
transmitting and carrying a load, but at least it
would walk around the pipe.

And that is an important distinction. The
fact that it is walking around the pipe does not
mean that it cannot transmit or carry load because
we were obviously able to transmit and carry load
during the test.

But we define, if it walks in any manner
that we didn't consider acceptable -~ in other
words, in an unpredictable manner -- that we would
define that as being unstable.

At thirty-five foot pounds -~ Bill, is that
correct? -~ it did not walk at all.

DR. LaPAY: 1 was going to discuss that



further with one of the other questions.

DR. IOTTI: One of the things that we intend
to show you is a tape that we took of the seismic
test run at nine hertz as well as the fundamental
frequency of the system, which was around
seventy~five, I believe.

We couldn't run -~ we may be getting ahead
of ourselves -- we couldn't run the nominal 7,000
pounds or the 10,000 pounds at the fundamental
frequency because the equipment wasn't capable
of transmitting that load.

There was enough play in the equipment that
you just can't get that load through.

That is why we ended up just at nine hertz.

That also ought to tell you something about
what kind of frequency you can drive through these
supports.

There is always some play, you know,
someplace in all supports.

But what we did do, what we will show you
in that videotape, ie that for the level of

pre~load of fifty foot pounds at the very high




loads that we put into the system, the U-bolt
moved in a predictable manner that you can predict
by geometry and aligned itself in a more favored
manner until it found its position of least
enerqgy, least potential energy, and stayed there,
remained there.

And we noted that in the long-term
vibration test.

So what we concluded is that, provided you
cannot rotate th U-bolt around the pipe, if there
is to be any anci.lary movement, it 1s because the
pipe == the U~bolt wants to go to the distance of
-=- the shortest distance of the strut. It goes
towarde the line of action of the force, never
away from it,.

The mcment you permi* the rotation, then
geometry c&n arise where the laver arm is such

that you can actually push away; the push portion

of the cycle, you can push the l-bolt away, and

then the U-bolt tan j"'st rotate but also walk away
from it,

We defined that condition as not corducive




to good, call it, stability or functionability of

the support system, even though when that

happened we were still carrying the load and
transmitting the load.

MR. FINNERAN: The load was still
transmitted. So it still functioned.

DR. IOTTI: But we diew the line. We wanted
to keep the support where it's supposed to be.

And so, when we talk about minimum pre-load
level, we really don't know how low we can go.

We know that at thirty-five foot pounds for
the ten~-inch we were stable because that was
observed by tests.

We are certainly stable at fifty.

I don't know how much lower we could go.

We know that -~ the first one we ran was
twenty?

DR, LaPAY: The first -- twenty foot pounds
was the first.

DR. IOTTI: Twenty foot pounds it was not,.
It would walk away from it., It wasn't sufficient,

S0 somewhere between the twenty and the
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thirty-five there is a point at which for that
particular specimen the 3support would have started
walking,

And we will show you the vid«cotape at the
appropris’  moment or whenever we want to see it.

So, basically it is our opinion, based both
on tests and on analysis, that the top of pre-load
that we would apply through -- the minimum
pre-load load that we would apply in the plant is
high enough that, even given the relaxation, would
leave you with sufficient pre-load after all of
the heating and the cycling; that were you to have
a seismic event it would be able to carry the
load.

And this is how we arrived at the minimum
pre-load, considering all of those factors.

In other words, we take into account the
relaxation that we expect, the maximum relaxation
that we would expect that system to see.

DR. BJORKMAN: Part of this question relates
back to Question 12. We can basically wait and

defer discussion until we get to Question 12.
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DR. IOTTI: Yes.

In terms of how you establish the minimum
pre-load and --

I'm just getting ahead of ourselves. Vie may
have confused you unfortunately by printing out
results of Finite Element Analysis that says here
is the pre-load, the low pre-load. That is not the
pre-load required for stability. It happened to be
the lowest value of pre-load that they ran.

For some other pipes it turned out to be
very low and may well be the lowest level for
stability, and the system was still stable.

But for, like for that forty-six foot
pounds, they could have gone much lower and still
had stability. They just happened not to choose to
go. They didn't optimize.

So one is led to believe that the forty-six
may be interpreted as being the lower level and
it's not.

DR. BJORKMAN: I think we can wait to
address that when we get to that gquestion.

DR. IOTTI: CYGNA is caucusing again, Miss
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Ellis.

MS. ELLIS: Okay.

(There was a brief recess in the
proceedings.)

MR. MINICHIELLO: Okay.

In Question 6, part of my question is based
on, if you take a pipe, not necessarily the
ten-inch, any size pipe, you heat it up, you let
the system run at some normal temperature let's
say for a period of time, and then you cool it
down.

In a sense what I'm asking, you take out as
much pre-load as you can through material
relaxation.

DR. IOTTI: Yes. Or mechanical.

MR. MINICHIELLC: Whatever.

DR. IOTTI: Sure.

MR, MINICHIELLO: You put a strut -- let's
call it a strut at this point. You put the strut
in tension and you pre-loaded it. So you let the
U-bolt relax as much as it can, and then you cool

it off. Maybe you run that four or five times.
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Now you have cooled it back down. The pipe
is sitting there.

Another portion of the same piping system
is now in operation.

Because of that you have a compressive load
on the strut. The portion that the U-bolt is
around is still cold. A valve is closed.

But another system is heated up such that
the system wants to grow and put a compressive, a
static load --

DR. IOTTI: I understand.

MR. MINICHIELLO: =-- on the strut.

Part of our question, besides vibration and
even under statics, are we assured that with the
loads, tensile or compressive, that we have for
stress, that there was sufficient pre-load.

DR. IOTTI: To answer your question, Mr.
Minichiello, if the pre-load that remains on the
cinched up U-bolt after it has gone through
however long a thermal cycle you want or however
many cycles you have, is still high enough so that

when you apply a static or dynamic, if you will,



61

push load -- because, incidentally, Westinghouse
applied it statically -- so you do not lose
contact, and friction -- you know, you can roll,

you know, because in fact there is a roll not in
terms of rotation but a roll around the U-bolt --
so that enough friction is sufficient to maintain
the U-bolt from actually slipping, okay, even
though you may, in fact, have lost moﬁentarily the
contact at the bottom, okay, provided that that
pre-load is still sufficient to establish the
couple at the U-bolt, then you will not have --
you will have sufficient pre-load.

And your question is, after you have gone
through all of that cycling leave you with
sufficient preload.

We think we have established that by tests
because we put it through thermal cycles.

We started out -- of course, the test that
you saw was predicated on the maximum pre-load.
And so you would exhibit more of a relaxation than
what you would will see if you started at a lower

load.
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The question is how much of a load remains.

And that is a function of the percentage of
relaxatjon you can expect.

We don't expect, if you start out with a
pre-load that is low enough, yes, we will get some
relaxation, but not very much as you go through
all of the thermal cycles, because the state of
stress is such that you will not cet it.

We are talking about maybe twenty percent
or so.

MR. MANJOINE: Maximum thirty percent.

But that relaxation is just due to the fact
that, you know, the pipe has increased in size,
the modulus has reduced and the yield strength, if
there are any parts up to the yield strength, goes
down. The yield strength goes down thirty-five
percent from room temperature.

So if you are at yield stress to begin with
-- say you tightened up to yield stress -- the
load will go down to the thirty-five percent.

Now when you come back to room temperature,

you get the change in modulus, and you have a
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maximum of something like thirty percent
relaxation of the load in that one shot.

DR. IOTTI: That was ascuming you stressed
it at yield to start with.

MR. MANJOINE: Right.

DR. IOTTI: We are not starting from that
point. Our initial pre-loads will be below half a
yield.

At those points you really should not see
much of a relaxation at all.

So our answer to you is that, even in a
static case, if you select the proper pre-load to
begin with, you will always have sufficient
pre-locad left that, even in a static case, you can
accommodate the load either -- certainly as a
push. This is what I'm sure you are looking at
rather than a pull. In a pull it's always stable.

MR, MINICHIELLO: Let me try to follow that
line.

DR. IOTTI: Maybe you ought to use that
chart.

MR. MANJOINE: Yes.
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I don't know if you can see this or not.

(Indicating)

Stress versus temperature.

Here is the change in modulus effect when
we are at the yield stress. That is the room
temperature yield stress.

The yield stress goes down like this.

So when you come back to room temperature,
you come back in a line like that.

So you have that drop in load just due to
the change in yield.

And that's -- we call it relaxation. It is
a mechanical relaxation because of yield.

Now, you don't get any further relaxation
from that unless the stresses are up here at
yield.

And then, say in a thousand hours you might
-- the maximum relaxation you can get in a
thousand hours due to cyclic load as well as time
could be down to some point here.

Then you would still have stress at least

the maximum load that you could possibly get is
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forty percent from the -- that's if you were at
yield throughout the U-bolt from the beginning.

Now, you mentioned that you can't get up to
yield throughout the whole U-bolt because when you
tighten it up and you start yielding, the man
who's tightening that will find out in a big
hurry. And that would require a much larger foot
poundage than what you are talking about.

DR. IOTTI: Yes.

Well, we have the correlation between
pre-load and torque. And, of course, our pre-load
would be such that we would be below -- well,
let's say for the ten-inch, okay, for all of them
-- our minimum pre-load would be below the top
of pre-load that would put the U-bolt section, the
shank, at half of yield.

MR. MANJOINE: Half of yield.

DR. IOTTI: This would be nominal yield at
thirty-six. Okay.

That's all we are talking about.

MR. MANJOINE: Now, we'll define the line

here at half-yield, and nothing happens. The load
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goes down due to the change in modulus -- going up
the temperature.

But you get no relaxation for stresses
below this.

So you have to get up -- clear up to this
stress here to get relaxation.

And you are always way down in this region
here.

So even if you maintained that load, clear
out the temperature, you get no relaxation.

DR. IOTTI: One way perhaps to illustrate it
better, if you look at the thermal cycle test that
was done, the one the really showed significant
relaxation was the one with four-inch Schedule 160
which was loaded essentially at eighty-seven
percent of yield to start with.

And, of course, that relaxed very fast as
you would expect initially, and then slowly
relaxes, and slower and slower.

We don't really understand that first jump
that we saw on the ten-inch Schedule 40. Okay.

We think there was a fitup improperly
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iritially. But when the test effectively started,
you really didn't see much of a relaxation at all
in the cycling of the ten-inch Schedule 40
because, number one, the temperatures were much
lower . But most importantly also that the
disstresses in the U-bolt were low.

And the same thing, of course, in the
thirty-two-inch where we saw nothing at all, and
that, the temperature was high. But the stresses
were insignificant really in the U-bolt, the
two-and-taree-quarter-inch U-bolt.

So it's a combination of all of these
things.

Now, I know what your next gquestion has to

How do you know that you have sufficient
pre-loads that you can relax and still have
sufficient pre-load?

And you have this range of preloads within
which the configuration is acceptable.

If it's too high, it will relax back down

to the upper range.
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If it's too low, you could go unstable.

Well, of coirse, this is what we have to
give you as part of your last question, how we
establish that and why we feel that within that
range of pre-load we will have the stability that
is required.

And incidentally, that is one of the
reasons we committed to go in and check the
torgques of the U-bolt.

We ourself understand that if you don't
have sufficient pre-load, you are going to have a
p.oblem.

We are not so much worried about the upper
range. Okay?

DR. BJORKMAN: I don't know if this is the
proper time to address it because again involved
here is the potentia. variation in pre-load with
full torque.

There is also the question in our mind of
the actual relaxation characteristics of A36
steel.

I don't know if you want to address them
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the questions.

DR. IOTTI: As far as I'm concerned, we can
address them now.

MS. WILLIAMS: I think we should address
them now.

DR. BJORKMAN: One of the questions that I
had regardin; relaxation is -- I don't know which
question to ask first.

DR. IOTTI: It doesn't matter.

DR. BJORKMAN: Why don't we -- I'd like to
take a look, for example, at Figure 21 of the test
report dealing with the four-inch pipe specimen.

I have some questions concerning that.

MS. ELLIS: Which document is that again?

DR. IOTTI: That's Attachment 1 to the
affidavit, Figure 21.

MS. ELLIS: Okay. Thank you.

Do you know what page that is offhand?

DR. IOTTI: Page 60.

MS. ELLIS: Thank you.

DR. BJORKMAN: In the affidavit, in fact it
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was on page 24, it basically stated that, after
the final thermal cycling, that the -- at ambient
temperatures the stresses in the U-bolt were
reduced to approximately fifty-four percent of
yield.

DR. IOTTI: From an initial about
eighty-seven percent of yield, yes.

It dropped about forty percent.

DR. BJORKMAN: However, what I don't see is
the fact that during the ten thermal cycles I
don't see the relaxation taking place during those
ten termal cycles.

In other words, at the end of the tenth
cycle while the U-bolt and pipe are still at
temperature -~ the pipe is at 560 degrees
Fahrenheit, we find that the stresses have dropped
down to about 34,700 psi in one length and about
32,100 psi in the second length.

These stresses are significantly above
yield. They haven't come anywhere close to
half-yield yet.

And I am wondering what the explanation is
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for the fact that they remained so high when, in
fact, we would have expected them tc drop down
closer to half-yield by this time.

DR. IOTTI: For that same type of
explanation.

The real yield is 45,000 for this material.
But that's -- you know, that kind of washes out
because this is on strain gauge measurements, so
the two would scale out.

But what you see through the cycling -- of
course, you-are cycling down in this fashion,
okay. And then as you return to room temperature,
because you are cycling up and down, you recover
some of it, and then you lose it again and then
you recover it.

And it all washes out at the end of the
cycle. You end up down here, no matter what.

This may be your first cycle. You come down
here. You drop there. You may get some relaxation
because you arz above yield. So what he is talking
about is dropping down to this curve.

So, if I may -- maybe I'm stealing your
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thunder, Mike =--

MR. MANJOINE: Go ahead. I'll sit here.

DR. IOTTI: You come down this way because
yield decreases with temperature now. I guess
temperature-wise we are discussing 500 degrees. So
let's say that you come down here.

Now you are at the peak of the cycle
temperature-wise. Now you are returning to room
temperature.

Since you are above yield, yes, you may
decrease. You may lose material-wise another
fifteen percent, whatever it is.

And now you keep going back and forth right
here.

Now, with time -- in the first cycle you
may be here. When you return to room temperature,
you've lost load, maybe thirty percent.

And then the next cycle you may lose some
more because now the material has had a chance to
relax itself being above yield.

But ultimately the worst you are ever going

to get is this, forty percent of relaxation, no
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matter how many cycles you have.

And I think that is what you are really
seeing here.

You will have noted you have dropped from
eighty-seven percent of yield stress down to
something like fifty-five percent, which is about
a forty percent decrease, thirty-five bercent
decrease.

DR. BJORKMAN: At ambient temperature.

DR. IOTTI: Well, you know, at ambient --
when you ride back down to the ambient
temperature, which addresses his concern now.

I1f you start out with a very high stress to
begin with.

MR. MANJOINE: I might mention that this is
not what we would call creep relaxation, normally
associated with creep. You don't get into the
creep range applied to the curve here of
temperature -- stress versus temperature until you
get up, I think, to =--

DR. IOTTI: About seven hundred degrees or

S0.
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MR. MANJCINE: -- seven hundred degrees.

Then you start to get creep, which is time
dependent.

Below this thing it's really not time
dependent except that it's plastic flow, and
anything of flow takes time.

So these things always reach a certain
limit and you can't get below that.

Now, since each test only lasts a certain
amount of time, it is trying to reach this limit
each time.

But eventually there is a limit to where
you can go.

DR. IOTTI: Well, the first initial drop is
what you see, I think, --

MR. MANJOINE: Yes. That's the first --

DR. IOTTI: -- is the first cycle, the big
one.

MR. MANJOINE: The big one.

DR. IOTTI: After that it will keep trying
to get closer to this last thing where it comes

down to stresses which are around half a yield or
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sO.

MR. MANJOINE: Yes.

As long as you go to a temperature that is
say something like seventy percent of the yield,
it will still yield -- at room temperature at
seventy percent of yield it will still yield at,
when it gets up to temperature. And then you'll
get a little bit.

And the other thing that you got to
remember is that you're only a portion of the
cross-section that's yielding in most cases.

And there is a springback from the rest of
the system. Sc you always get that.

That's why the relaxation never really gets
up to that forty percent.

DR. BJORKMAN: I think what we are probably
suffering from here is a lack of information of
what the relaxation characteristics are of A36
steel.

Which brings me to my next question which
is basically how would the relaxation

characteristics of A36 steel established from
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DS60, the ASTM document on stress relaxation -~

MR. MANJOINE: Yes.

Well, I'll plotted it here. Here is the
maximum amount of relaxation you can get if you
are at the yield stress or above.

DR. BJORKMAN: Now, did this come from DS60?

DR. IOTTI: No.

MR. MANJOINE: This part down here comes
from DS60 because no one runs relaxation here
below, say, seven hundred degrees because they
load this specimen -- if you are doing it in the
lab, you load the specimen -- the whole
cross-section is loaded. It yields.

When you start taking records, if you don't
start taking records at one-hundredth of a second,
you won't get anything because --

Usually you start taking records about
after a tenth of an hour, and the relaxation is
gone, and then you measure a straight line.

So if I were to run tests up there, nothing
is happening.

Now if you run tests and go back to virgin
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time with a stiff machine -- it has to be a very
stiff machine -- then you can get as much as
fifteen percent on the porous material.

So I have drawn the curve. And we have done
this for other materials. And we have also done
some for a lot of model steels.

The thing we find is this. You get no
relaxation of a virgin specimen until you initiate
plastic flow. You'll get nothing until you gec up
to the proportional limit, which for these model
steels is above the yield stress.

But once you have initiated plastic flow,
then you can get plastic flow.

So you have to initiate it. And that's one
of the big things. You have to yield these things
before they do any relaxation.

And we find this both cyclic as well as --
we have done some -- we have done some on the
ferretic steels.

This is taken from a published report.

The first time you load, you have an upper

and lower yield part.



After you cycle and go to reverse stress,

reverse yield, the proportion limit is one-fifth

of t.e yield stress.

So you can initiate pastic flow. If you had

gone through this cycle here, come down to here,

and then just come up to this point right here,

you can actually get some relaxation because it

will go to
DR.
DR.
test too.
MR.
test.
DR.
experience

DR.

an elastic --

IOTTI: Let me remind you =--

BJORKMAN:

MANJOINE:

There is a strain limit in

Oh, that's a strain limit in

IOTTI: =-- the real U-bolt does not

this stress reversal.

BJORKMAN :
MANJOINE:
BJORKMAN:
MANJOINE:

No.
No, no.
Exactly.

But you have seen this, if

you are familiar with materials.

You go up to here and yield, and then you

come down, just unload it.



Now you go back monotonically. You never
get up there. It will start bending off and do
this.

DR. BJORKMAN: Correct.

MR. MANJOINE: This is mechanical relaxation
and it's a limiting thing. You can't get -- as
long as you stay below that stress, ndthinq
happens.

DR. IOTTI: That fifteen percent or so.

MR. MANJOINE: Right.

Nothing happens.

And so, vou have to be in a stress from
her~ to here to get any relaxation. If you stray
below this stress -- so that's why we say if you
stay below half of the vield, monotonic yield,
nothing happens.

And we have actually run tests. Oak Ridge
National Lab ran some tests,

Relaxation is a very interesting subject if
you ever get into it.

Here's the loop, see. Go into compression,

comes up to here and we get relaxation at fifteen
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percent.,

Now, let's load -- unload twenty percent.
You don't get any more relaxation even though you
are going through this cycle.

In fact, if you come back to zero stress,
you'll get positive -- negative relaxation. The
load will go up. And so they show these loads
going up in this portion of the loop.

So if you go up to like what we are doing
here in the yield and it comes down in here, you
get no relaxation whatscever.

And these are tests -- this is a
two-and-a-quarter Cr-1 Mo, which is --

For all of these ferretic steels, you would
be able to say.

But you notice the characteristic of the
loop. No upper and lower yield point once yielded.

But you have to initiate plastic flow and
it has to be in the wrong direction, going into
compression. And the reason is that there is a
back stress exactly equal to about two-thirds of

the yield. It's there. Nothing will happen until



you exceed that.

So it's -~

DR. IOTTI: I think part of the difficulty
Dr. Bjorkman had, he really didn't have any data,
and it's difficult to find any unless you get a
hold of persons like Mike Manjoine on ferretic
st :els,

MR. MANJOINE: I've shown the kind of data
you can get. This would be the worst kind of
relaxation.

DR. BJORKMAN: Would it be possible for us
to get a copy of this?

DR. IOTTI: I am preparing an answer to the
Commission. You will get get a copy of the answer.
Part of that answer will contain this.

You see, DS60 is an interesting document.
But you really have to lead yourself Lo a
conclusion by examining all of these naterials at
the high temperatures because there 13 nothing
available at low temperature other than monotonic
loading of one particular material -~

DR. BJORKMAN: That's right.
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DR. IOTTI: ~-- which is closing out.

But that one tells you if you are below the
proportional limit, you really don't get any
relaxation. That is all you can come to the
conclusion. Okay?

So if you are sufficiently below that,
you'll know you're okay. But it doesn't answer an
awful lot of other gquestions other than when you
start thinking of the cyclic being similar to what
ostenetic steel also exhibits, then you also get
some informat.on from the ostenetic steel, which
is going to lead you to believe that the one-half
of yield is some magic number that you ought to
shoot for.

But where I arrived at the one-half of
yield even before I had DS60 was from the test
data.

I kept looking at the test data and
correlating where I saw significant relaxation and
where I didn't. And I kept concluding that every
time I was below this half of yield I wasn't

seeing much relaxation. Every time I was above it
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I was seeing it.

That's what got me focused on the one-half
yield. And after that I started hunting for
material that would essentially confirm.

DR. BJORKMAN: Well, the one-half yield
seems to be something that became fairly obvious
to us.

MS. ELLIS: I'm sorry. I couldn't hear that
one at all.

DR. IOTTI: He said the one-half yield is
something that oecame fairly obuvious to CYGNA.

DR. 3JORKMAN: For the ten-inch pipes. But
it wasn't as obvious for the four-inch pipe.

And I think we were miesing a link here.

MS. ELLIS: Gentlemen, you all were talking
about a document, I think, a few minutes ago. I
couldn't hear very well. From Oak Ridge Natinal
Lab?

DR. IOTTI: No. What we will do, Mrs.
Ellis, we are preparing answers to the Nuclear
Regulatory Comm.ssion,

One of the topics is, of course, relaxation
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of A36 and you will get a copy of those answers as
usual. And all of that information will be
contained in that answer.

MS. ELLIS: Okay.

Thank you.

DR. BJORKMAN: I think this discussion
basically clears up the discrepancy that I had
here.

DR. IOTTI: Okay.

MS. ELLIS: You were talking about DS60 or
BS60?

DR. IOTTI: The title is "Compilation of
Stress/Relaxation Data for Engineering Alloys."
And it's an ASTM publication, American Society for
Testing Materials. DS, like D, 60.

It is referenced in our affidavit. I think
the reference -- anyhow, that's the title.

MS. ELLIS: Okay. Thank you.

DR. IOTTI: As a matter of fact, we provided
you with all of the pertinent information relating
to ferretic steels. We copied that portion and

sent it to you.
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MS. ELLIS: Okay.

PR. IOTTI: Let's see.

Gordon, you had, I think, an additional
question that had to do with pre-load.

DR. BJORKMAN: Actually, we might wait for
Question No. 12.

DR. IOTTI: All right.

MS. WILLIAMS: Either that or cover it all
right now. We'll just cross 12 off the list.

If we 2re on the subject, it might be
better continuity to do that now.

DR. IOTTI: Okay. You want to jump to
Question 12?

DR. BJORKMAN: Sure.

DR. IOTTI: Okay. Let's jump to Question 12
for the time being.

I guess my first answer to your question is
a question. I don't like to answer guestions with
guestions, but I have to understand where you got
this table because I'm --

DR. BJORKMAN: Okay.

I developed this table myself just going
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through the test report and for cases where the
time torque was applied to the U-bolt, I then
looked at what pre-load level was attained through
the actual strain measurement.

And all of these numbers can be found on
the various pages in the test report indicated in
the column farthest to the right.

If you don't agree with some of those
numbers --

DR. IOTTI: No. I just hadn't thought about
it in that fashion. That's why --

I'm a little puzzled; when you say a
hundred pounds, for instance, we really never
torqued -- yes, I guess we did turque at a hundred
foot pounds, the ten-inch. So these are all
ten-inch.

We do have data which has the scatter of
the data incidentally. That may make it simpler.

DR. BJORKMAN: This is not just from one
particular --

DR. IOTTI: Yes.

DR. BJORKMAN: -- test, These are from
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several tests where that torque was applied.

DR. IOTTI: Right.

And likewise what you will see, what these
charts are, is also from several tests. Some of
them wece from the torque versus pre-load test.
Some of them were from the friction versus
pre-load test. Some of tem were from the thermal
test.

As you can see, this is forty-four inch.
This is for thu ten-inch where there is a lot more
data. This is for the ten-inch stainless steel.
And this is for the thirty points carbon steel.

So we did do -- Bill, you cculd help me out
on this one, on the correlations between U-bolt
pre-load and bolt torque. We knew we had a
scattering of data.

DR. LaPAY: Yes.

DR. IOTTI: And depending on which way you
want to look at it; from the standpoint of the
stress, ycu want to use the top correlation that
gives you the highest load for the corresponding

torque, and from the standpoint of the opposite in
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terms of ability to retain pre-load, you want to
use the minimum value.

Okay.

The Finite Element Analyses were
essentially conducted on the basis of correlating
an average value.

DR. BJORKMAN: That was another question I
had, a separate guestion.

What was the actual relationship between
pre-load and torque used in establishing the
Finite Element numbers.

MS. ELLIS: What was that last question?

DR. BJORKMAN: What was the actual
relationship between torgque and pre-load used in
establishing the value of pre-load and
corresponding torque in the Finite Element
Analysis?

DR. IOTTI: From the standpoint of the load,
it was simply not because they matched the load as
measured by the test.

And then the question is, is what is the

torque to correspond to that load. Really it's the
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other way.

DR. LaPAY: And those are given in the
Figures 1, 2, 3 and 4 in Attachment 1.

DR. IOTTI: So these were the ones that we
decided were the most representative figures.

In other words, rather than the scatter of
the data, if you go back then to the first figure,
the pre-load versus test, those would be the
nominal value of torque that the Finite Element
Analysis would correlate to the load.

DR. BJORKMAN: Okay.

Can we try to correlate some of these
numbers because that is what I was having some
difficulty doing?

DR. IOTTI: Okay.

DR. BJORKMAN: In other words, when 1 looked
at the Finite Element value for, let's say, for --

DR. IOTTI: Pick one. It doesn't matter.

DR. BJORKMAN: -- forty-six -- for ten-inch
pipe I guess it was forty-six foot pounds.

I'm looking at the U-bolt Finite Element

Analysis on page 7.
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And there is a bolt tension of about 2.56
kips, which is related to a torque of forty-six
foot pounds.

DR. IOTTI: Right.

Now, you should go back to that initial
chart, and you should relate that kips. The 2
should give you abour forty-six or thereabouts.
And that should represeat the low forces.

DR. BJORKMAN: What I'm wondering is, was a
straight line drawn through this data?

DR. IOTTI: No.

DR. BJORKMAN: Okay.

DR. I1IGTTI: The only o.e -- the only time we
drew a straight line was for the prposes of
deriving this coefficient of, you know, torque
equal KTD, okay, or tension -- yes, torque equal
KTD, to try and place in perspective what the
coefficient K value would be.

In that sense I did try to fit lines. And
what I used, as you can see right here, as a
matter of fact, you can see right there the lines

that I drew to bound the problem and get a range
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of the coefficient that you will have.

But in terms of the torque itself --
correct me if I'm wrong, Bill -- what you have
tried to use is the -- you know, you match the low
on the U-bolt and then to arrive at an equivalent
torque. You tried to come up with the lowest
torque that will give you that load.

Am I correct?

DR. LaPAY: Yes, I think so.

I was just --

DR. JOTTI: Or was it the highest torque?

DR. LaPAY: Well, I was just trying to get
my own memory started.

DR. BJORKMAN: But basically the Finite
Elsment test relationship between pre-load and
torque comes from Figures 1 through 4.

DR. IOTTI: From the Figures 1 through 4.

MS. ELLIS: Could you repeat that last?

DR. BJORKMAN: Basically the relationship
between torque and pre-load which was used in the
Finite Element test for the Finite Element

Analysis comes from Figures 1 through 4 of the
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U-bolt test report.

DR. IOTTI: I would like to add, I guess,
just so that we are all clear, the Finite Element
Analysis does not use torque. They use load. And
then having the load, you go back and derive the
torque.

DR. BJORKMAN: I recognize there is no need
to use torgue --

DR. IOTTI: Yes. I understand. Sure.

DR. BJORKMAN: =~-- in the analysis.

DR. IOTTI: What do you want to do?

DR. LaPAY: I want to borrow those to
refresh my memory.

Then I'll confirm what I have just said.

Bear with me a minute.

DR. IOTTI: We can go on to another
question.

DR. LaPAY: Let's go on with another
question and let me look at this and I 11 come
back.

DR. IOTTI: Or, you know, I'm sure, if he

has more gquestions =--
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DR. BJORKMAN: Basically, the problem that I
have here is with the great variability that I
seem to obtain when I look at one hundred foot
pounds of torque and the corresponding pre-load.

I see that for a ten-inch Schedule 80
carbon steel pipe I can get a little over 8,000
pounds at a hundred foot pounds of pre-load, and
yet in another instance where I have the same
diameter pipe, the same U-bolt, although it's
Schedule 40, I can get as low as apparently 3,600
pounds of pre-load for the same level of torqgu:.

And the problem that I have is basically,
if you establish some relationship between
pre-load and torque in particular for determining
what your minimum torque is going to be for
stability, and in an actuality, if you torque to
that value, and in the field you get a ~--

DR. IOTTI: Lower.

DR. BJORKMAN: -- actual value that is
lower.

DR. IOTTI: Well, we want to use the lower.

DR. BJORKMAN: And that's of some concern to
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My question is, how has this been taken
into account, this scatter, this variability.

The numbers from the test report, Figures 1
through 4, are not the minimum values.

Have minimum values been used? Or just how
is it going to be put together, the relationship
between torgue and pre-load, and then the level of
pre-load necessary to maintain stability?

DR. IOTTI: Okay.

I'm not so sure we will give you the full
answer today because we are still in the process
of determining the pre-load for all of the pipes.

But, in essence, our reply to you would be
that the values that you see there are average
values.

But when we establish the minimum pre-load
that we will put in the field, we will go then to
the top of the lower bound curves that from the
test data would tell us you achieved the minimum
load for the highest torque.

DR. BJORKMAN: You mantioned thece curves
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are average values.

DR. IOTTI: Representative values.

DR. BJORKMAN: So Figures 1 through 4 are
not from a single test.

DR. LaPAY: They may be the highest.

I'm looking at that. For instance, if you
compare this one to Figure 1, and the --

DR. IOTTI: Well, it depends on what you are
talking abcut in terms of --

MR. MANJOINE: Stress.

DR. IOTTI: What your interest was is not
load so much as torque. Okay?

To us what is critical is you want to make
sure that you actually forecast the lowest load
that you can have for the torque.

So when I'm referring to minimum, it
depends how you are goinc to look at those curves.
The minimum is really the maximum torque for the
lowest load. Okay?

DR. BJORKMAN: Let's take an example. I
think it would be best to look at an example.

Let's say that for a given pipe size one
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establishes that you need a given level of
pre-load. We have a minimum level of pre-load --

DR. IOTTI: Pre-load, right.

DR. BJORKMAN: =-- that is absolutely
necessary for stability.

To what value of torque will you then
torque that U-bolt to ensure that that minimum
level is actually obtained or something greater
than that minimum level?

DR. IOTTI: It would have to be the -- let
me try to define it so that it's unequivocal.

The lower bound curves, lower bound meaning
those are the curves from the test data that we
would predict for the same torgque the lowest level
of load; in other words, the curves that would be
lying lower in the scatter data if you were to
look at that, and you have a variety of curves all
within a band, the lower band curve would be the
one that would be used because that would tell you
you have to put more of a torque to get the same
load.

You are correct. What is important here is
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load, not torque.

That's what we would propose to use.

DR. BJORKMAN: Now, at the other end you
also have the problem that also at that level of
torque you could have obtained a level of pre-load
which is more than double that in the field
because of the data scatter.

MR. MANJOINE: That won't hurt you.

DR. BJORKMAN: Now the problem is -~

DR. IOTTI: And I trust relaxation to help
me. This is why I'm not concerned at the higher
level. Relaxation is going to take care of it

This is why we shouldn't see the high
values of pre-load in the field or of torques.

If there were any at any one time -- and I
made that statement in the affidavit -- relaxaf ion
will take care of itself.

S0 I'm worried at the low end. I'm not
worried at the high end.

On occasion materials help you.

DR. BJORKMAN: Oh, yeah.

DR. IOTTI: This is one of them,
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DR. BJORKMAN: That is well known.

MR. MANJOINE: I might add -- I might tell
you another thing about torques.

You realize that when you torque a bolt,
most of the torque goes into friction on the head
or surface of the bolt and friction on the
threads.

Only ten percent goes into -- on the ramp
of the thread to make the load.

Now, the friction doesn't vary that much so
that you usually get a pretty good curve.

But fortunately, if you have high friction
and get -- for the same load you get the same
torque, you get a lower load, you get less
relaxation.

And so a lot of people put bolts like
U-bolts, take it up to yield, which you can tell
very easily because the rotation starts.

DR. BJORKMAN: You can ease it.

MR. MANJOINE: Yes. Ease it up to yield.

Same thing for automobile bolts, by the

way. They always take them up to yield.
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DR. IOTTI: Well, right now our intention
would not be to take up to yield, but to take it
up to the value that would be sufficient --

MR. MANJOINE: Sure.

DR. IOTTI: ~-- based on our test data.

Now, that would be my explanation to you.

I'm not worried about the upper end.

If I have a gorilla out there that
overtorques, I'm far less worried about that than
I am about the person not putting enough torque.

DR. BJORKMAN: You see, this is what
basically has not beer explained in these lower
bound values.

DR. IOTTI: I thought I had in the affidavit
but maybe I didn't.

I have to go back and review it.

I remember distinctly the statement -~
making the statement that at the upper end
relaxation will take care of me -- of the bolts.

But let me go back -~

MR, FINNERAN: I think you probably talked

about that but maybe not in this context.
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DR. IOTTI: That may well be. Okay.

But if I have clarified now what our intent
is, that's how we would arrive at that table.

DR. BJORKMAN: And what would be helpful to
us is to really see what the, you know, what these
lower bound curves look like.

DR. IOTTI: Well, we can send you this
scattering of data and draw a lower bound curve
through it which is what we would be using.

S0 =-

DR. LaPAY: So far what I see is, what you
said, is average.

DR. IOTTI: The one we represented there is
average essentially.

MR. MINICHIELLO: Dr. LaPay, are these lower
bound curves, the base the results of your first
test, i.e., torque/pre-load, torque/pre-load, just
keep measuring it, take it back down, do it again?

1s that what these lower bound curves based
on?

Or are these curves based on a compilation

of all the data -~
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DR. IOTTI: All the data.

MR. MINICHIELLO: =-- in the test?

DR. IOTTI: 1It's all the data, to the best
of my knowledge that is in the test.

MR. MINICHIELLO: 1In all the tests?

DR. IOTTI: 1In all the tests.

It includes friction. It includes thermal
cycling, everything.

MR. MINICHIELLO: Then you take the lower
bound of that?

DR. IOTTI: That's right.

DR. BJORKMAN: One point that I did not see
on the curve was for the -- and just having looked
at them quickly now -- the ten-inch Schedule 40
stainless steel pipe at a hundred foot pounds of
torque, I have that you could achieve a pre-load
of as low as 3,600 pounds.

And I don't know if that is shown on the
graph.

DR. IOTTI: It should be. It should be.

DR. LaPAY: Which one now?

DR, IOTTI: Ten-inch, Schedule 40.



That's the one that we had the most data

Look at the scattering of data. I believe
you would have gotten that from the space 66
thermal cycle.

So you got curves that go quite low.

Take a look at that and tell me if it's
there.

One hundred pounds, you see how low you can
go? There is that square, I think.

If it's not there, then I guess my retort

would be where did you get yours because I think

we identified everything there.

DR. BJORKMAN: The lowest value that I see
on that curve -~

DR. IOTTI: Forty-five.

DR. BJORKMAN: =~- is a square data pcint at
about forty-five hundred.

DR. IOTTI: Well, I guess -~

DR. BJORKMAN: Let's take a look at my
numbers.

DR. IOTTI: All I have to do is go and look
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at your numbers.
That's page 667
DR. BJORKMAN: Page 66.
MR, MANJOINE: This number isn't after test.
DR. IOTTi: That could be because, see -~
if it's the thermal cycling, it could very well
be. '
MR, MINICHIELLO: The average of the 3625

DR. BJORKMAN: Yes. That's the average of
those two numbers.

MR. MINICHIELLO: That is prior to pre-test.

DR. IOTTI: Right,

I guess you are rigit.

All I have to do is go back to the raw data
of Westinghouse and see.

Bill, did we forget to plot that point?

DR. LaPAY: Which one?

DR. 1OTTI: Page 66, the pre-test torque.

MR. MANJOINE: Was it at temperature?

DR. IOTTI: No. That was at ambient

and the 3587.
temperature,



DR. LaPAY: Page 66.

DR. IOTTI: Of course, we didn't plot the
creep there., That's why you don't have it.

DR. LaPAY: Hundred foot pounds --

DR. IOTTI: Thirty-six hundred pounds,
whatever, prior to creep.

DR. LaPAY: But that wasn't plotted here.

DR. IOTTI: It wasn't plotted. But we have
to go back and verify that we can still stay with
the fifty foot pounds because 2f this data point.

So I guess we will take your point and -~

MS. ELLIS: Dr. Iotti?

DR. IOTTI: Yes?

MS. ELLIS: Could you just sort of summarize
what just went on. I heard just bits and pieces of
it.

DR. IOTTI: Well, Dr. Bjorkman pointed out
to us that there was a particuar level of
pre-~torque at a hundred foot pounds which resulted
in a load of only 3,600 pounds in the ten-inch
Schedule 40 pipe.

When we look at the data that we had



accumulated for pre-locad versus tension in the
U-bolt, we had not included that point.
And we need to then include that point and

see whether that affects any of the conclusions

that we have drawn in terms of the minimum torque

that we need to eseablish for the ten-inch pipes.

MS. ELLIS: Okay.

DR, IOTTI: And I can't do that right now.
Obviocusly I need to go back and review it.

MS. ELLIS: Right.

DR. IOTTI: But he is correct. We did not
include that point from the creep test in total
evaluation of the bound.

MS. ELLIS: Okay.

DR. IOTTI: We will try to get you that
information.

Just mumbling to myself. 1'm sorry.

MS. ELLIS: Okay.

DR. IOTTI: That wasn't a statement.

Go ahead.

UR. LaPAY: 1've just confirmed what

said. Those are the averages and --
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DR. IOTTI: Well, I knew that,

1 don't know whether there is a way to
summarize this, but we understand Dr. Bjorkman's
concern.

I have explained to him what Applicants
intend to do, which is the intent to use the lower
bound curves, that is, those curves that would
predict the lowest tension in the U-bolt for the
highest torque.

And then the question that remains to be
assessed is that there happens to be a point that
has not been included in the curves that we have
that essentially bound the bolt torque versus
U~bolt pre-load. And we have to go back and make
sure that that point is included.

MS. ELLIS: What page was that discussed on?

DR. IOTTI: That would be -~ of these
questions?

MS. ELLIS: Yes.

DR, IOTTI: That is Question 12, Mrs. Ellis.

MS. ELLIS: Question 12. Okay.

DR. IOTTI: Dr. Bjorkman, is that sufricient



on Question 12, or do vru have additional
concerns?

DR. BJORKMAN: I do have a question, but I
think that it could probably be cleared up by
seeing the actual curves of pre-load versus torque
for all of the pipes.

The question centers arcund why the fact
that a ten-inch Schedule 80 pipe should have such

a high pre-load in comparison with the ten-inch

Schedule 40 pipe when the diameter of the pipe is

the same.

DR. LaPAY: You are talking Question 18,

DR, BJORKMAN: I was looking through to see
if I had already asked that.

DR, IOTTI: I think so. Why is there a
difference?

DR, LaPAY: That one I can't address. If you
want to skip to 18 -~

DR. IOTTI: 1It's a function of frition to a
very large extent,

DR. LaPAY: 1It's not only that.

Let me just address Question 18 because




that's back to what you addressed earlier, Dr.

Iotti, that really there is some confusion,
misunderstanding, of what we mean in our affidavit
by minimum torque value.

It's -- what we meant by minimum is that it
is not "the minimum" torque value that has been
established.

DR. IOTTI: You are referring to the Finite
Element Analysis.

DR. LaPAY: Finite Element Analysis only.

It was the value, minimum value that we
analyzed for.

There was no attempt to find a lower one.
When we had found a stable solution that was below
our given torque values, we were happy with that
and we could look at the actual amount of tension
that left -- was remaining in the individual
U-~bolts, and you could see, based on that
comparison ~- and those are given -- those loads
are given in Attachment 3 on pages 6 through 9 -~

you can evaluate the factor of safety associated

with that loading.




Now, there are comments made about the

forty-six foot pounds for the ten-inch Schedule 40
being different from that given for the ten-inch
Schedule 80,

It happened to have been the case that,
when we do the citative process, and we don't know
exactly where we are going to stand -- where the
solution is going to lead us until we do the
analysis.

For forty-six foot pounds we had a stable
solution that was -- that we were happy with.

When we happened to do the ten-inch carbon
case, we happened to have used the lower pre-load.

And you can tell by what is remaining, when
you look at Table 2-3, that the loads are still
positive. It's a stable solution.

And comparing -- and there is a significant
amount of load left in the ten-inch Schedule 40.

80 it can go quite a bit lower.

There should be no attempt made to compare
the forty-six foot pounds as "the" minimum load

compared to the eleven.



If we went back and iterated down, we would
probably approach something like the eleven foot
pounds .

DR. BJORKMAN: Okay.

DR. LaPAY: Now, further on that gquestion,
you mention the statement in there on page 137
about the twenty-five foot pounds in the affidavit
as being a factor of safety of one because there

are statements made that the twenty-five foot

pounds is the minimum torque for stability.

Now, what was interpreted there is, on page
37 =~ and not to put words, but you can confirm
it, Dr, Iotti -~ that when we said that the
twenty-five foot pounds for stability there on
page 37 it was really meant as a minimum
recommended value for stability.

DR. IOTTI: Yes.

DR. LaPAY: Now, if you look at the safety

using the -~

DR, IOTTI: We really expected that we would
be stable at about ten foot pounds.

DR. LaPAY: Which is not =~-
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DR. l1OTTI: Maybe our wording is not
correct,

DR. LaPAY: Yes.

DR. IOTTI: Twenty-five to us is the minimum
recommended for stability. And that is why you see
it later on again.

DR. LaPAY: Using nine as a minimum -- and
I'm not saying that is "the" minimum, it could
possibly be lower than that -- there you have a
safety factor of 2.7 based on that.

S0 it's not one, but much larger.

DR. BJORKMAN: I think since the question of
stability is a concern, it would have been nice
in these tests to have seen the test drop back
until the stability limit had been reached and
basically instability had occurred maybe in
rotating to know where you are t(r at what point
instability does occur in your system,

DR, IOTTI: Well we did do that to some
extent for the test -~ the one specimen was

subjected to the whole series of tests.

We had a limited amount of time to conduct
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testing and we came up with a test program that
would hopefully answer as many questions in a
given time as we could.

This is why for the ten-inch we know that
the limit of stability is somewhere between twenty
and thirty-five.

You know, to do what you are suggesting
that we should have done -~

DR. BJORKMAN: That was the vibration test.

DR. IOTTI: Yes.

DR. BJORKMAN: I was talking abcut the
Finite Element Analysis.

DR. IOTTI: Oh, the Finite Element.

That would have required an optimization
program essentially, to keep lowering the pre-load
until such time when you found that under the
applied load you could be considered to be
unstable.

Or, in other words, as far as this is
concerned, when these two numbers that you see on
those tables, two point -~ we go to Attachment 3
-~ on those tables like Table 3, you see .09 kips
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and .57 kips. Those values are sufficiently low
that you are beginning to think that you may be
approaching that position of instability, okay,
because you could lose contacts at that point.

But, you see, the minimum pre-load, that's
eleven foot pounds.

Now, compare that with the ten-inch
Schedule 40, where instead of having about .09
kips and .57 kips left, when you push it five
degrees, you have 1.44 and 1.78 kips. And, of
course, that is at a pre-load of forty-six foot
pounds.

That leads you to believe that, if you want
to lower those last two numbers down to the order
of, you know, half a kip or less, or essentially
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