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4
these subjects, information that addresses the concern
raised by the staff and its consultants.

These concerns relate to, first of all, a
numerical instability 1n the computer code that was used
in the analysis of the tanks, the FLUSH computer code, and
I think 1t relates 1n particular to the use of the Poisson
ratio for values greater than .49,

The second issue relates to fiuid element
modeling. On the one hand, we have the lumped mass model
and, on the other hand, we have the finite element model.
Again, 1t 1s our understanding that the project wiil
provide us with additional information,

The third item relates to stress computation,
the application of dynamic forces as compared to dynamic
Pplus static forces in that analysis.

As I mentioned before, we will take a
transcripty, and the information will therefore be
available for all parties to review.

Let me state at this time that it might be
useful for all parties at this meeting to afterwards
carefully go through the transcript and indeed find out
that this 1s 1nform;taon that you wanted to provide and
this 1s the information that you wanted to hear.

I think there 1s a possibility that maybe later

on these issues should be documented on a more forma)
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basis. Maybe we will send you a letter and ask for your
response on those 1ssues or maybe you would like to come
forward with that response even prior to our requesting
0.

I think that might be 1n particular helpful
when we are looking for a more concise record, rather than
a rather voluminous transcript where you have to search
for information and maybe pecple say one thing on one page
and ten pages later it provides additional information on
a particular subject and if you read the transcript it
unnecessarily 1s there. I am thinking about putting that
information cn a more formal basis at a later time.

The second thing we want to discuss today is
our and our consultants' response to certain requests that
have been made by PG&E 1n a number of telephone calls
prior to this meeting,.

By the way, for the record, these telephone
calls purely related to 1tems that we wanted to discuss.
There were no technical discussions per se of substance at
these telephone calls. That 1s my understanding. If anyone
disagrees, please say so. [ want to make that statement
for the record.

The information that we will provide to you
today, hopefully to your satisfaction, will be the output

of the FLUSH computer code, the horizontal and vertical
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loads, secondly, we will privide vyou with additicnal
clarification on the safety factor and, thirdly, we will
address how axial stresses were considered in the seismic
analysis of the tanks, 11n addition to the bending stresses
that Brookhaven talked about last time.

This 15 the way that I see that the meeting
will be going today.

Let me add one more thing. We have available
here one copy of a computer output of various calculations
that Brookhaven has made. This 1s the first time the statf
sees 1t and this 1s the first time that PG&E and the
Project will see 1t.

Unless there are any objections by anyone, I
would recommend that shortly after these introductory
remarks or any other statements anyone would like to make,
that we make this document available to the Diablo Canyen
Project for your use and study for, I would say, about an
hour. If you think more time is needed, letr me know, but
maybe that wi1l! give you an cpportunity to go through
the computer output.

We will be available at that time, not to
discuss the details, but to show to you where the
information is that you are looking for.

Then we wil) reconvene and you can address any

questions based on what you have seen.
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MR. CLOUD: Hans.

MR. SCHIERLING: Yes.

MR. CLOUD: We would also like to have some time
to glance through 1t if it is possible.

MR. SCHIERLING: If at all possibley, maybe you
can do that simultaneously, unless the Project indeed
wants to first go through the material by themselves and
afterwards we wi1ll make that available to you.

However, to expedite matters, we will ceopy this
information, and 1t 1s my understanding that we will have
copies avarlable by Friday early afternocon at which time
we will make copies available to selected parties hecause
I do not want to go on board notification with this
information, It will be of very little uUse to most pecple.
But at that time I most certainly will“make a copy
available to you, Bob.

If you need 1t today hopefully to get things
rolling, you could do it either afterwards or together
with the Project. I leave that up to both of you.

MR. LOCKE: Hans, I think in that regard it
would be more preferable for the Project to see it alone.
There has been a lot of discussion and innuendo about
independence, and [ think having Bob in the same room as

\
the Project reviewing this information would probably be

inappropriate.
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MR. SCHIERLING: I appreciate that point. It is
very well taken., So therefore afterwards I will make it
available to you. Hopefully you don't also the entire hour
because that would mean the meeting doesn't start until 12
o'clock.

MR. CLOUD: We can see probably what we need in
15 minutes.

MR. SCHIERLING: Fine. Let me do this then. Are
there any other comments that you would like to make at
this time regarding what we want to accomplish tcday and
what the purpose of this meeting is?

MR. HOCH: We are going to have some opening
remarks and We are going to introduce pecople to make sure
you understand who evaryone 1s this morning and take a
T1ttle extra time to do that, but why den't we do that
when we reconvene,

MR. SCHIERLING: Well, why don't we do that
right now. Well, okay, as you please.

MR. ANDERSON: We would like to look at the
computer output first and then in aoout an hour we can get
back together.

MR. SCHIERLING: Let me do one more think, Dick.

Brookhaven has prepared a number of slides that
contain additional information. We will go and provide you

with that information when Brookhaven malkes their
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So this 1s a description of that.

MR. CLOUD: Excuse me. Are these results the
basis for the numbers that were presented in the previcus
meeting?

MR. PHILIPPACOPOULOS: Yes, indeed.

MR. REICH: Yes.

MR. PHILIPPACOPOULOS: Any other questions?

MR. SARKAR: How many iterations do you have on
the vertical analysis?

MR. PHILIFPACOPQULOS: On the vertical analysis,
five. A1l of them, I would say, there are five iterations.

MR. SCHIERLING: Before we get off the record,
one more comment. As far as I can see, there are no other
parties represented at the meeting than those that I
identified earlier.,

Yes, one cémment.

MR. LEW: Let me confirm Hans' understanding of
our telephone conversations. They were all purely
administrative in nature and I just wanted to confirm
Hans' understanding of conversations between the Project
and the NRC.

MR, SCHIERLING: OCkay, thank you.

It is now S t11) 10, I think at about 11
o'clock we can reconvene after you have had a chance to

look through the material.
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MR. WHITE: Yes, I have a whole bunch of them

there ' f you want to pass them around.

(The copies of the slides were distributed.)

{511de.)

MR. WHITE: The last time I think there was sohc
discussion about combining stresses and where was the
critical section and this kind of thing. The discussion
has kind of been summarized in this particular table at
two particular nodal points.

The first one I will draw your attention to is
nodal point 6, and these results are from the dynamic
analysis. Then combinirg the results of the dynamic
analysis with the static results in the lower table allows
us now to combine the moment from static and dynamic
analysi's as well as the axi1al forces.

Just going through one of these particular
items, here at nodal point 6 we have got a bending moment
of 40, 40 pound-feet. That 1s this particular line item,
and we also have an axial force of about 35,000 pounds,
and that 1s this particular i1tem,

Combining those with the bending moment from
the static analysis of 318, 318 plus 40 gives us the 353
as the moment resulting from the combination now of the

static and dynamic bending moment, and combining the axial
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MR. WHITE: Let me just see if I can write these
on the pad here. Do you want me to list all nine 6f them?
MR. REICH: No, just 1i1st the 6 and 7,
MR, WHITE: Okay 6 and 7, and then this i3 the
safety factor and let's say outer fiber. In 6 we get 2,25
and at 7 we get 2.18.

MR. REICH: So you are getting less at 7 than at

6.

MR. WHITE: Yes.

MR. REICH: So your numbers at 7 are higher than
at 6.

MR. WHITE: Yes.

MR. RE'CH: A1l right. That is all I wanted to
know.

MR. CLOUD: Bi111, let me see if I understand
correctly. Based on your '82 analysis nodal point 7 would
show higher stresses than the stresses at nodal 6; is that
correct?

MR. WHITE: Well, the safety factor is

indicating that and I have got to make sure that there

1sn't something else going on here, but that is the
situation right here.

MR. CLOUD: That is correct?

MR. WHITE: Yes.

MR. REICH: One more question. You had several
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calculations for '82. This is one calculation for '82. 1If
I am not mistaken, there was more than one calculation,

MR. WHITE: This particular one is for the mode!
that had the fluid elements in it or is this the lumped
mass model?

MR. UDAKA: In '82 we revised the element of
inertia. We put 1n a new moment of inertia.

MR. REICH: But that changed your noda)
stresses.

MR. UDAKA: Yes, trat is what happened, but that
pProcedure we used 1s an i1dentical procedure which we used
in 1978.

MR. REICH: No, that is not what I am asking,
You had tables which had d{fforent values, two different
tables.

MR. WHITE: You mean the static stress”?

MR. REICH: No, I am not talking about the
static at all. We never checked your statics and we don't
know what 1s 1n your statics. We are accept them at the
moment. I am just asking about your dynamic results., We
saw two,

MR, SCHIERLING: At the last meeting?

MR. REICH: No. We are talking what was sent to
us in the writeup of the '82 meeting.

MR, WHITE: I think that later on we are going
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to be talking about the results from a finer mesh and
perhaps we can talk about the results of the dynamic
anlaysis at that point.

MR. REICH: You are saying these are the results
of a different mesh?

MR. WHITE: Well, I think here what we are
trying to point out is that in order toc select a critical
section that we are considering the combination of the
static and the dynamic analysis. When we get around tc the
finer meshes, again we are using this kind of combination.
That 1s the point we wanted to make on this particular
slide here.

MR. REICH: Well, I thought that yc.. wanted to
make the point that 6 was higher than 7.

MR. SARKAR: No, that was not the point, Morris,
Let me explain that situation. I think a concern was
expressed 1n the last meeting that the report indicated
that BNL originally did not 1dentify the most critical
section 1n getting to the factor of safety. 3o that was
the 1ssue. \

I think in order to alleviate that issue what
we are trying to show to you i1s that for all the nodal
Points the stresses were talken both for the dynamic and
the static components in order to calculate the total

stress and the safety factor was identified, plus going to
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the different nodal points,.

It Qo happened that the examples that you had
outlined 1n your June 17th presentation there in nodal
points 6 and 7 you find that the dynamic stresses were
larger 'n 7 than in 6 and your Qquestion was why i1s it that
the lesser amount of dynamic stress was taken as to the
critical section compared to the one at nocdal point 7.

So we are trying to address that particular
issue that 1n terms Jf getting the final safety factor we
have appropriately taken both the dynmamic and the static
stress because the dynamic is only one component.

MR. REICH: I understood that fairly clearly.
What [ was trying to say 1s that you had three tables and
we saw three values of stresses, and in one 6 1s nigher
and 1n one 7 1s higher, as you just yourself said. Then in
the other one I dan’t.know what 1t 1s because you haven't
told us yet. I am just trying to bring this across to you
that we saw three tables.

MR. HOCH: Well, I should think the point we are
trying to make 1s that whichever number is higher that the
two stresses were properly combined and the critical
section 1s 1ndsed proper stresses.

MR, WHITE: Okay. Let's talk about the next
topic of discussion from the last meeting, and that is the

influence of Potsson's ratic on the numerica) answers, and
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primarily the Poisson's ratio as "t 30es beyond .49
approaching .35.

(S1ide.)

We have gone back and made I think perhaps a
1ittle more detailed study than was available to us last
time showing the behavior of the results as you add more
9's onto Poisson's ratio. In particular let me show you
the variation of the soi1l properties that we have
considered in this sensitivity study.

Here we have considered Poisson's ratio
varying from .499 to .4999, three 9's and there is also
four 9's. ©So we have gone through and done an analysis
basz1 on those particular Poisson ratios.,

MR. LEW: Bill, to clarity the record, could you
reference the page numbers at the bottom when you
introduce each slide, please.

MR . WHI}E: This is slide No. 3.

So like I say, we have gone back and taken a
look at the sensitivity of the results when you go through
these particular variations.

Now I should point out that when making the
variation of Poisson's ratio, here what we are trying to
do is to model incompressible fluid., So we fix or have as
the node quantities Poisson's ratio as well as the

compression wave velocity. Once you have those two, then
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you are able to calculate the other of the elastic
constants,

MR. CONSTANTINO: You are not irying to mode!
incompressible fluids since they have a shear wave speed
of 7,000 feet a second. If shear wave speed 1s 7,000 feet
a second, by definition that is not a compressible fluid.
What you are doing 1s trying to model a fluid which has no
shear strength,

MR. WHITE: Let me retract that statement.

wWhat we are trying to model 1s a fluid that has
a8 compression wave velocity of about 7,000 feet per
second. The point 15 we are holding Poisson's ratio and
the compression wave velicity and then calculating the
other constants.

(Slide.)}

The equaticn that 1s in FLUSH, and this 1s
slide No. 4, these are the equations that are used to back
calculate the other particular quantities.

As I mentioned earlier, lknowing the compression
wave velicity and the density, you can calculate E sub p
from here and come up to this point and calculate E, use
this equation and calculate G. So out come all of the
constants.

(Slide.)

The next slide I have shows the results of the
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MR. HOCH: But you don't have any more
questions?

MR. REICH: No. If we have a question we will
raise it right away.

(S1ide.)

MR. WHITE: Going to the refined model, again
just briefly going through the pro:edure, we did a finite
element analaysis to determine the static stresses which
included the construction sequence, the compacted backfil)
as well as the hydrostatic pressure from the diesel oi!
inside the tank,

Then for the dynamic analysis, again the same
s011 prop. "'ties and we refined the mesh to get a better
resolutior of the fluid, the tank wall and alsc the soil,

Here we did a horizontal analysis where we went
through a number of iterations of the soil property for
the horizontal analysis.

Then for the vertical analysis we took those
same properties from the horizontal analysis and used that
as the soil properties for’the vertical analysis.

(Slide.?

Now let me show you the three models., This is
slide No. 7.

These were the three models that were used,.

This one you have ceen before. This is the one that was
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the allowable 390 percent of FY and FY as coming from mill
certs.

MR. CONSTANTINO: Are these all for soi]
property Z-17

MR. WHITE: Yes.

MR. CONSTANTINO: Just Z-Z.

MR, WHITE: Yes.

MR. REICH: And no deconvolution, just being
applied to the base.

MR. WHITE: Yes, no deconvolution coming in at
the base.

MR. MILLER: Also, if you really looking to see
to what extent the mesh is critical, it would be more
interesting to look at the variation in bending moments
and axial forces since they tend to vary oppositely and
looking at safety factors, you can make an error on both
sides and they wash out when you look at safety factors.
Do you have data indicating what the bending moments are?

MR. WHITE: Let's see, I think we do. No, I take
that back. We have sot more detailed results for each
individual one, but we don't have an overhead for axia)
force and bending moment.

MR. MILLER: Well, you really have to look at
that to really see 1f in fact all those meshes are really

giving the same result or if in fact you are trading one
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error off for another error because as you go to a finer
mesh it could well be that you are decreasing the axial
force and increasing the bending moment, which is 1n fact
what really happens.

MR. WHITE: Could be.

MR. MILLER: That was one question. It would be
interesting for us to see the bending moments for each of
these cases and the axial forces for each of those three
cases.

MR. WHITE: I think in terms of comparing mesh
sizey the influence of the mesh, comparing these two suys,
1s really the meaningful comparison.

MR. MILLER: No, no, I don't think so, because
the 1ssue is really whether the results generated with
Mesh A are valid or are not valid. The point I am raising
's that, and there are stil]l big differences even 1in
safety factors, but what you are looking at is a very
homogenized kind of result at the end of a batch of
calculations.

If you really want to look at sensitivity, you
should do what you did with the Poisson's ratio. You have
a table where you have axial force and bending moment and
then you can say okay, that is the basic ingredient that
comes out of the calculation,

If they agree, then I would agree that the
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process i1s converged and vour Mesh A is okay and all the
results derived from Mesh A are okay. But I think you have
to look something back from a factor of safety to really
draw that conclusion.

MR. WHITE: Well, of course, it depends on your
point of view. We are trying to show the tank 1s
ualified.

MR. ANDERSON: And a crude model in fact was
used to show that, and the crude model we think was
adequate.

MR. MILLER: We will show some results in a
while that indicate that in fact what I am saying is
exactly true, you are trading one error for another error,
and Mesh A is grossly an 1ﬁappropr1ate mesh even though 1t
may turn out that the tank is still fine.

If you are addressing the issue of whether Mesh
A 15 good or not, I think if you look at the bending
moments and axial forces you are going to find Mesh A is
not 3ocd enough. [ mean we will have to look at your
results.,

MR. ANDERSON: It 1s not good enough to gqualify
the tank, i1s that what you are saying?

MR. MILLER! No. It doesn't predict the physics
of what 15 going on., It seems l1ike the last picture like

that that we looked at your Mesh A, there was 3 factor of
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safety of 1.58.

MR. REICH: 1.55 and ali the sudden you have got
higher numbers.

MR. HOCH: Excuse me, but we are doing the same
thing we did last time. I hate to interrupt vyou, but the
last time when we read the transcript there were some
things that weren't in the transcript because you were
simultaneously talking at the same time.

MR. MILLER: The other part of this guestion,
and that is my first concern, i1s I would like to see a
moment comparison for these three meshes and an axial
force comparison for these three meshes before I would be
satisfied that Mesh A gave adequate results, and by
adequate I don't mean by luck give you @ qualified tank,.
What I mean is 1n fact predicts within some reasonable
percentage the physical behavior of the tank. It 13 either
more bending or less bending or more axial force.

The other point on the slide is that it seems
to me the factor of safety on Mesh A the last tiie was
1.55 as the low number. 2.18 is the sm§11cst number on
here, ©So why 1s *there a difference between those two?

MR. WHITE: I think these numbers were based on
mi1] cert data and I don't think that was available
previously when the 1,55 was calculated. So that is the

drfference.

TAYLOE ASSOCIATES
1623 | STREET, N.W. - SUITE 1004

WASHINGTON, D.C. 20006
(202) 293-3950




TAYLOE ASSOCIATES

1625 | STREET. N.W. = SUITE 1004
WASHINGTON, DC. 20006
202) 293-395¢0




32
number?

MR. SARKAR: Could I explain that one, please.
As this slide shows that if you go fram the top it gives
you a chronology of all the events that happened since '783
Uup to the present analysis. <

So why don't you take some time to read this
slide and then 1f you have some questions perhaps we can
answer those.

MR. LEW: B111, I would like to expand on your
point and Dick Anderson's point. We did the '80 analysis
and the '72 analysis for the purposes of qualifying the
tank. That 1s opposed to perhaps the questions that Chuck
brought up which 1s doing studies to determine the
accuracy of the mesh.

If I could just expand on Dick Anderson's
point, we didn t do our studies in '78 to answer the
question of the accuracy or the 1naccuracy of the mesh. We
used the mode) o 3ualify the tanks, and mayba that is
part of the problem of our dialogue. We are at different
purposes.

MR. MILLER: When you qualify for something
presumably you use the techique that give you the right
answer,

MR. LEW: Well, right answers for the purpose.

MR, MILLER: If I have a structure that is
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subjected to axial force and bending moment, I would only
be satisfied that the qualification was reasconable if I
predict the right bending moments and the right axial
force.

If it turns out that I make 3 mistake on both
ax1al force and bending moments so that when I go do P
over A plus M gver the section modulars and [ get the
right total stress, to my mind that is not an adequate
qualification. Unless I predict the moment correctly and
the axial force correctly, I would only accept that as a
reasonable qualification.

So 1f you are asking me to say did you do a
reasonable analygis 1n qualifying the tanks, I will say
you only did 1t 1f you got the right bending moments and
the right ax1al forces.

If may be that you were very lucky and when you
added up P over A and M over 3 you were minus 10 KSI an
one plus 10 K5I on the other one and that those two errors
balance each other out, but don't ask me toc accept that as
a reasonable qualification procedure,

MR. ANDERSON: On the other hand, you can't
really ask us to accept your statement that we came out
with the right answer by luck, because certainly a great
deal more than luck goes into the analysis that we ares

doing here and that 13 what we are trying to explainy how

TAYLOE ASSOCIATES
1625 | STREET, N.W. - SUITE 1004
WASHINGTON, D.C. 20006
(202) 293-395¢




34
this was done and how we came to a conclusion that the
tank was qualified.

It may have been a crude analysis and there may
have been off-setting factors, but we certainly don't want
to characterize this analysis as being lucky.

MR. MILLER: I think it was. I think we will
show something later, Bi111, that indicates that it in fact
turned out that way and it was very lucky that it did.

MR. ANDERSON: Qur later analysis shows the tank
s qualified. Now 1s that luck also? It shows that if you
do a finer analysis and i1f you do a more detailed
analysis, you come out with an acceptable answer.

MR. MILLER: If you want me to buy you off in
genera)l on everything you have done on the tanks,
andassuming also your static analysis, if you use that
Mesh A, all I am saying is 1f you want me to buy off on
everything, then you have to show me that Mesh A
reasonably predicts moments and reasonably predicts axia)
force.

Now 1f you want to do all the analyses with
toth A and with Mesh C and show that 1t qualifies for
those, ockay I wi1l]l certainly buy that. But don't give me
one example that shows 1n this case the final homogenized
result] 15 adequate. As a matter of fact, there were bi3

differences 1n safety factors that you got fruom one mesh
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to the other. Now they all happened to be above one, but I
think if I want to also now accept your static anlaysis
using that mesh, it seems to me I would like to know that
you can predict moments and axial forces correctly and not
some sum of the moments and axial forces.

MR. SCHIERLING: Bob, did you have a comment?

MR, CLOUD: Yes; I did. No one enjoys a good
argument better than [ do, but I would really like to see
all of the data presented before we get i1nto this kind of
spirited discussion so that I can better understand what
we are talking about.

MR. SCHIERLING: I think for that purpose 1t
might be best i1f you proceed with your presentation, but
before we do that, Professor Folley, you had a comment.

MR, HOLLEY: My comment 1s a little paralle)
thought. It 15 clear that the effect of the mesh size 1s
something we are going to be talking more about. If you
have with you all of the nodal moments for each of the
three mesh pieces and all the axial forces similarly, it
would se;m to me worthwhile to the people who have them
to scribble them down on a piece of paper and get some
Copies or something so as the day wears on we will have
them before us rather than argue now about whether it 13
right or wrong, and which some of us aren't prepared to

accept at this point until we see some numbers.
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MR. SCHIERLING: Do you have that information
;vailaDIQ?

MR. HOLLEY: Do we have that information with
us?

MR. SARKAR: Yes,

MR, SCHIERLING: I will tell you what, let me go
and run some copies of that and make them available to the
people and that we can have a common basis to talk from.

MR. HOLLEY: Let me ask another question. Could
I ask those of you who are concerned about mesh size, are
you concerned about 1ts effects as it relates to dynamic
only, static only or both, because they can give you these
things 1n sum, 1f you are satisfied with that, or they can
give them to you, I am sure;, in other ways.

If they tabulate for you the sum of the dynamic
and the static "P" values in each ncde for each mesh size
and the same thing for moments, 1s that what you need or
not?

MR. MILLER: When we made our presentation, we
really affect both static and dynamic.

MR. HOLLEY: I understand, but I am simply
saying 1f they are going to give you some data, [ want to
know now 1f they give i1t to you for applying static and
dynamic ===

MR, MILLEP: I would rather see it first for the
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think the mesh is the same. The evaluation of the safety
factors are different.

MR. REICH: The properties.

MR, WHITE: The evaluation of the safety factors
are different.

MR. REICH: The evaluation of safety factors are
using different properties.

MR. WHITE: Correct.

MR, SCHIERLING: Let me interrupt for just ons
moment. John Hoch, you made a point earlier, and let's try
to remember that. We want to have an understandable
transcript. Please have only one person talk at a time
and extend each other some courtesy.

Okay, Bil1l,

MR. WHITE: Any other gquestions on this
particular slide in terms uf what 1t means and the
information contained on it?

(No response,)

MR. WHITE: In response to Or. Cloud's comment,
the di1fference between the FY static and dynamic, 31l of
thi1s 1s done on test cata and for the static case we just
Crop back to the more conservative nominal design value.

MR. SCHIERLING: Let me ask one question and !
am picking up on Morris' gquestion. Are we looking at any

‘nformation here now that the staff and Brookhaven did not
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use n our evaluation?

MR. WHITE: No.

MR. SCHIERLING: So it is new information that
we are looking at,

MR. WHITE: Yes. What we wanted to do was
provide the results from Mesh A, B and C all on a common
basis. That was the reason for redoing the safety factors
assoclated with Mesh A,

MR, SCHIERLING: Okay.

MR, WHITE: Now going back to this particular
slide, we will see i1f we can come up with some moments to
g0 back to Chuck's comment about having this thing broken
out in terms of axial force and bending moment, but fro. a
composite point of view, these ara the kinds of safety
factors that we end up getting,

Again, this 1s the analysis based on the fluid
element approach, and I also have some results that we
obtained by going back to the lump mass approach that was
used by BNL and we give you a summary of that,

(Slide.)

In this particular table, the first column 1s
the bending moment due to the horizontal analysis that we
got from you guys last time. We went back and did the
analysis on our version of FLUSH and got essentially the

same answers for the bending moment. So we have 3ot good
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compatible results as far as that is concerned.

MR, SARYAR! P111, excepting tﬁat ENL had done
five 1terations and we have done two iterations, So this
table shows that the result of sdditional iterations does
not make that much difference,.

MR, WHITE: That 1s correct.

(Sl1ide.)

MR. WHITE: The next slide is again a
condensation or digestion of the axi1al force and bending
moment, ancd let me describe the information that is
contained on this particuiar slide.

The numbers in the squares are the safety
factors that BNL reported last time, and the numbers 1in
the circles or the elipse 15 a result of the reanalysis of
this by the Project ang now using two new pieces of
information as oppposed to what was in the BNL safetly
factors.

Those two new pieces of information are the
vertical analysis is different because we didn't have the
vertical analysis of yours available to us and so we went
back and generated those numbers, and then also the
numbers here 1nclude the mi11 cert information which you
d1d not have available to you pPrevinously.

So those are the two differences that show up.

I think the major difference is using the mill cert
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information as opposed to the other.

MR, HOCH: The slide you are referred to here,
Bill, is page 10 of the handout; i1s that correct?

MR, WHITE: Yes, page 10.

MR. CLOUD: Did you say this is a vertica)
analysis? How did you described this?

MR. WHITE: No. This 1s the combination of the
harizontal and the vertical static and dynamic. The
previous slide showed a comparison between a horizontal
analysis done by BNL and the Project, and those two are
very, very similar. The only differences there were gquite
minor. Then 1t explained the difference between the two
safety factors. The major contributor to the difference 1is
just the mi11 cert information,

Now one thing that 1s I think interesting to
note 1s that n the area where the safety fac ~r ends up
being the smallest in this zone here where y;u have
transition between the compacted backfill and the sand,
that here the cafety factors going toc Meshes B and C ard
comparing here are similar.,

S0 cur conclusion is that the tanks are
qualified and the rasults are showing similar results.

MR. REICH: Question.

MR, WHITE: Yes,

MR, REICH: If you don't use the mill spec do
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you have the same safety factor that we have”

MR. WHITE: I think we back calculated that.and
the safety factor was a little bit lower as I recall,

MR, WONG: It s 0.72.

MR. WHITE: The .81?

MR. WONG: Yes,

MR. WHITE: The .8) goes to .72,

MR. REICH: In other words, this 13 all due to
your new mil1]l spec that you just put 1n? 1In other words,
the highest safety factor that you are getting includes
that?

MR. WHITE: VYes.

MR. SCHIERLING: You did not use the mill certs
in your calculations, did you?

MR. CONSTANTINO: These are new things that they
are talking about.

MR. KUQ: The 49 KSI mi111 cert, is that an
average value?

MR. WHITE: Average,

MR. KUO: Do you have all the Jdocumentation aon

that?

MR. WHITE: Do we have that with us, Bimal?

MR. SARKAR: I have a piece of paper which gives
al) these values. I can make that one available.

MR . HOCH: We don't have the actual! mil) certs
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with us,.

MR. WHITE: You can take a look at this, P.T.
and see 1f it w11l do you any good. Personally I den't
think that this 1s the kind of documentation you are
looking for, It just shows a range and that kind of stuff.

Any other questions or comments about what we
have shown here so far?

(No response,.)

MR. WHITE: I am just wondering before we get
into the individual moment and axial forces, if it 1s not
a good i1dea to take a break rather than continue.

MR. SCHIERLING: Well, i1t is a quarter of 12
now. If we take a break now we might as well go for lun:zh.

(Discussion off the record.)

MR. SCHIERLING: I think the consensus 1is to
keep on going.

MR. SCHIERLING: I have just one guestion, Bill,

MR. WHITE: Yes.

MR. SCHIERLING: Do you have the same
information, anc someone raised the question before, but
do you have tha same 1nformation witrhout the mill cert
data so that you can go and compare the BNL analysis and
your analysis both based on the same information?

MR, WHITE: We didn't recalculate every point.

Wwe calculated that value at the point where the lowest

TAYLOE ASSOCIATES
1623 | STREET, N.W. - SUITE 1004

WASHINGTON, D.C. 20006
(202) 293-3950




45
safety factor occurred, and that .81 reduced to .72, but
we didn't it at all of the points.

MR. HOCH: Let me point out, Hans, the
interested reader can ratio the two allowables and correct
the safety factors or change them as he sees fit. We
didn't provide the numbers, but it i1s easy for someone who
is interested to reconstruct that number.

MR. REICH: Yes. Now let me ask you that
question. What were the factors that you used in '78
because we reconstructed them and we would to know? What
was FA and FB that you used 'n '78? You must have used a
number. What were they?

MR. SARKAR: You mean allowable values?

MR. REICH: Yes;

MR. SARKAR: Oh, that is there on page 12. Page
12 summarizes all the allowable values which are the basis
of the safety factor calculations in '78, '82, '383 and the
present analysis,

MR, REICH: Okay.

MR. PHILIPPACOPQULCS: Let me make just a
comment at this point. I have done some back work kind of
analysis calculations; and I think tte yield stress for
the '78 analysis, for the yield stress I would say the
percent, the allowable, and this is rough now, but it 1s

around SO0-something percent of the yield and for the
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MR. SARKAR: Bending, I think it was 175 or 166.
I forget which one. 'f it is a compact section you get one
kind and 1f it is a noncompact section you get another. So
it 1s definitely less than the final stress, it is less
than 36 KSI. So that is according to the AISC
specification., That 1s not written here, but we have
written a note that the factor of safety is computed
according to AISC spec, which means that whatever
coefficients you apply to your F sub Y were taken
appropriately during that period,

MR. WHITE: Now the evaluation that is being
done now on the inside, we wil)l use 36. There we are
making a distinction between the two materials.

MR. PHILIPPACOPOULOS: That is why I wanted to
get that distinction between '78, 1982 and 1983, the
changes 1n the allowables.

MR . SARKAR:..May I explain to you the '78 now.
Back 1n '82, the present analysis, we had the information
availasle and we went back and searched the mil) cert
records and identified the ---

MR. PHILIFPACOPQULOS: Excuse me, Mr. Sarkar. I
am not interested about 1983 right now. I think I have got
the rest of 1t. S0 I have the question for 1978 and vyou
answered to me. Thank you.

MR. SCHIERLING: Okay, these are the data that
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we talked about before.

Let's 30 off the record for a moment.

(Discussion off the record.)

MR. SCHIERLING: Let's go back on the record.

We will continue our discussion on the three
pages that we just handed out. They are Mesh A, B and C. I
think Professor Holley had a question on the units.

Cris,

MR. HOLLEY: For example, for axial load, are
the tota' axial forces in the same units cor what are we
looking at?

MR. UDAKA: The same units.

MR. HO'.LEY: They are force rather than stress?

MR. WONG: For all three meshes, A, B and C, the
moment 1s in foot-pounds and the force is in pounds. For
the outer and 1nner fiber stresses as well as the actua)
stresses, they are in KSF.

MR. MILLER: Hans?

MR. SCHIERLING: Yes.

MR, MILLER! I would also like to make a comment
to follow up on what I said before. These data indicate
that in fact Mesh A gives results that nothing like even
Mesh B or Mesh C., Certainly these data do not support the
fact that Mesh A 1s a reasonable mesh to do the problem.

MR, SCHIERLING: That was your original
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contention, right?

MR. MILLER: That was my original contention on
these data.

MR. SCHIERLING: Do you want to address that,
Bi11?

MR, WHITE: Yes. I think that in all of this
stuff there has to be a certain amount of engineering
Judgment that goes into the whole construction of this
entire process.

MR. CONSTANTINO: Can I say something?

MR. SCHIERLING: Yes,

MR. CONSTANTINO: The thing we said two weeks
490 was that we felt Mesh A, which is all we were looking
at, was an incorrect mesh to use. It turrs ocut we are
right, and the bit about gualification really is not our
problem. We said last time and we say now that the mesh
data that was presented to us was an improper way to
rerform the analysis and that was our only comment and I
think you will see the result Mike presents will show that
to you.

The other comment associated with gqualification
's 1f you say okay, Mesh A is crude, Mesh B is better and
Mesh C 1s st11)1 better, 1f you Yook at even your safety
factors, the new safety factors, if I lock down at the

spring line or below the spring line of the sand support,
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it seems to me the safety factors don't go in a nice
orderly convergence. So I look up at the top and I don't
see an orderly convergence.

The orginal contention though was that Mesh A
was an i1mproper mesh to use for that anmalysis because 1t
turned out you had the fuel holding up the tank,.

MR. REICH: Well, let's discuss that after the
presentation.

MR. WHITE: Like I said, there is a lot of
judgment that goes into this. One of the things that
influenced the decision was there was no deconvolution.

MR. CONSTANTINO: Deconvolution had nothing to
do with the mesh.

MR. REICH: It ﬁad nothing to do with that.

MR. WHITE: That is true, but mesh size was not

what this study was all about. It was qua11ficat16n of the

tank,

MR. CONSTANTINO: Very good. Now may I make a
comment”?

MR. WHITE: I think if you zero in on this one
particular aspect, we can g0 around forever. The point is

is the tank qualified or isn't it?
Now I recognize that you have got a problem of
extrapolating this into tha o.her areac. This 1s the only

tank i1n the whole plant that is done like that.
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MR. CONSTANTINO: Okay. Can I say something now?

MR. WHITE: éure.

MR. CONSTANTINO: As I say, qualification is not
my problem. My problem 1s I have been running finite
element studies since 1363. You know, I don't enjoy
running finite element studies. What I like to do is run a
problem and run the problem such that I am duplicating
what I anticipate in the field. Now we contend that Mesh
A was a problem that was incorrectly posed and not that
the tank 1s qualified or not qualified.

We say the data we looked at 1n reviewing the
output from Mesh A, that Mesh A was an improperly posed
finite element, and that‘1s all we said last time. We did
not say the tank was qualified or ungqualified. That is not
Qur job.

Our job was to review the finite element
calculation and judge whether that was adeguate or not.
and we judged and we will show, and vou will see the data
also, we judged that the finite element calculation was
wrong.

MR. REICH: Bi11, according to you, you didn't
have to have a grid or anything. You just could have
picked these numbers and said these are my safety factors
and don't do an analysis. As long as they are higher, they

are good.
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MR. MILLER: I would like to get a couple of
numerical values on the record just to support what we are
trying to say over here.

[f we look at the important node according to
your data 1t 1s 11l e around node 7 on Mesh A and B, and if
you Jook at the ben“ing moments Mesh A gives you a bending
moment of 463 foot-pounds and Mesh B gives you a bending
moment of 2,663 foot-pounds. To my mind that says there is
something grossly different between those twoc numbers. If
you look at safety factors, Mesh A gives you a safety
factor of 2.18 and Mesh B gives you a safety factor of
1.18.4

Granted both those numbers are bigger than one.
That 1s the only thing that reasonably you can say about
those two comparisons. They clearly don't support the
contention that Mesh A 1s a reasonable representaticon.
There 1s a factor of 10 difference in moments, which I
think 1s a number we gquarreled with last time, and there
's a factor of two difference in safety factors.

So I think it may have turned out that even by
using Mesh A you have come on the same side of one with
either Mesh A or Mesh B or Mesh C. I still say that is
very fortuitous and 1t turns out you wouMn't have if you
went back to the criginal materia) properties.

MR. WHITE: Let me talk about the fortuitiveness
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MR. WHITE: We all agree with that, right.

(Laughter.)

MR. CONSTANTINO: And we all agree that a buried
tank has a hard time of failing and bending. But the
question was to evaluate a dynamic analysis done with a
finite element mesh. we contended last time and we stil]
contend that the analysis performed with Mesh A was an
improper use of "the finite element” and we will show you
that., It 1s all the same.

MR. SCHIERLING: I think, Bob, you were next.

MR. CLOUD: It seems to me that you and others
are saying the tank 1s qualifiad. It seems to me that
these gentlemen that Mesh A is improper. It seems to me
that those two arguments completely cross each other.

I think from my point of view it would be more
helpful to get the data on the table amg,&hen we have
hopefully a more profitable argument.

MR. HOCH: My problem, Bob, and let me see if I
can help a 1:1ttle bit., I don't think there is a
dwsagrccmo;t hore. I think we are saying diffarent things,
but there 1s no disagreement,.

MR. CLOUD: That is right, we are talking about
differert things.

MR, HOCH: I think we are saying that taken by

itself without consicering any other factors, there is no
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mathematically present a physical structure in his own way
and he found that to be adegquate, and the bottom line is
we have done some refined analyses to address and
alleviate somec of the concerns expressed by BNL the last
time, and yes, i1ndeed, our bottom line still is that that
1is qualified.

However, I think that BNL has a problem not
with the bottom line., It really does not matter to them
whether the tank 1s qualified or not. I think that their
understanding, the way I understand it from you, Hans, and
perhaps you would like to shed some light on that, is
whether the original qualifying analysis is correct or
not.

That perhaps should not be the issue at this.
Others can go on discussing that and any two people may
have a difference of opinion and perhaps both of them are
right. That should not be the ccncern before us now.

MR. KUO: Let me say a few words. I think we
understand the point you are trying to make. Your bottom
1ine 1s whether the tank is qualified or not.

As to whether this 1s of academic interest or
not by BNL now, let's not make that conclusion yet. Let's
wait unti]l BNL makes their presentation, as Bob suggested.
Let's see everything., Then we wil)l make that conclusion

whether that 13 indeed an academic interest cnly.
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MR. SCHIZRLING: For that purpose let me
recommend that we go ahead with the BNL presentation and
then everybody will have something to stew over over
luncht ime.

Okay, let's proceed with the BNL
presentation,

(Slide.)

MR. PHILIPPACOPOULOS: Our basis for arguing
that the HLA model is i1nappropriate 15 a comparison
between the results that we obtained with the HLA mode)
versus the results with the Tumped mass model.

The lumped mass mode! was contructed from an
HLA model by simply throwing out all these fluid elements
here and computing the mass or lumping the mass at these
points.

We compare moments, axial forces and shear
forces for those two models and from their compariscn we
concluded that the only difference between the lumped mass
mode]l and the HLA model 1s that the Tumped mass mode! does
not include the sloshing frequency, the frequencies from
the fluid., Therefore, a model like the middle cne here
could give a difference between those two models.

At that point I sat “own with cur consultants,
Professor Miller and Professor Constantinc and based on

their experience they never saw tank soclutions in which
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the sloshing effect could justify the difference between
the lumped mass mode) and the HLA model. That was one
indication that this mode) was 1inappropriate.

(S1ide.)

Another indication we had was that with the HLA
model, with your mode)l that uses four fluid elements to
represent the fluid inside the tank, you could get this
bedding flexor mode for the tank., This is a sine kind of a
mode,

The reason for that is in this mode this
portion of the tank is in compression and this is in
tension, But with your element discritization here, it
seemed to us that these elements, they will take a lot of
tension and they will pull back the tank and will put this
Part in compression and this goes already in compression.
So 1t w11l put the whole section in compression. That
justified the fact that your axial forces basically were
overaestimated, whereas your bending moments, they were
underest imating the real situation,

MR. CLOUD: Question,

MR. PHILIPPACOPOULOS: Yes, sir.

MR. CLOUD: The diagram that you have on the
blackboard, could you explain to us exactly what all these
lines are?

MR. PHILIPPACCPOULOS: The heavy line here is
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the finite element model of the tank. These are the nodes

‘and these are the beam elements that were used to describe

the cell, These 1ines here ---

MR. CLOUD: No, the dotted lines.

MR. PHILIPPACOPOULOS: The dotted line
represents a flexor mode shape that you would anticipate
if you have the tank as a cell without having the soi!
cutside,

MR. HOLLEY: What mode?

MR. PHILIPPACOPOULOS: It is a flexor mode.

MR. CLOUD: Are these the classical mode things
for a tank or did you calculate them or where did they
ccme from?

MR. PHILIPPACOPQULOS: Well, these are the sine
kind of modes, the ring kind of modes, the flexaor ﬁodcs
that you get on a ring.

MR. CLOUD: So these sines are theta”?

MR. PHILIPPACOPOULOS: Yes, sined two theta,
sined four theta, et cetera.

MR. MILLER: The significant thing I think is if
a tank wants (v go 1n flexure, these are asymmetric sine
modes, sine two theta, three theta, four theta. Wwhat
really wants to happen 1n a fluid that can't sustain shear
stress 1s the fluid on the bottom part of that tanks wants

to move up to the top part.
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With the four element model of the fluid, that
1s impossible because the node at 30 degrees and the node
at the ori1gin can't move. So that say the fluid from the
bottom of the tank can't move 1nto the top of the tank.
The only alternative, 1f you are going to get this kind of
a mode, s you put the fluid in the top intention and
fluid 'n the bottom in compression which is forcing the
fluid to hold up the tank which obviously doesn't.

In a real world what really happens when you
get this kind of a mode 1s the fluid i1s going to flow
because there is no shear strength from the bottom to the
top and you are going to get a distortion af the fluid.
The mesh of the fluid does not allow that kind of fluid
deformatien,

So what that mode) does is it basically
eliminates this kind of a mode or response. That is why,
as Mike suggested before, what happens when you eliminate
this 1s you eliminate the bending and because you are now
putting the flui1d in compression and tension, now you are
putting a big axial force on.

" 80 1f you look at the difference between Mesh A
and Mesh B of HLA, the Mesh A gives you big axial forces
because you are forcing the fluid and the fluid is pulling
and pushing on a tank,

MR, PHILIPPACOPOULOS: The numbers that we have
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today are from the HLA analysis.

MR. CLOUD: But the important thing is that the
dashed lines are mode shapes of a ring that you have
superimposed on the model for i1llustrative purposes.

MR. MILLER: It is something that, it seems to
me, that you should have looked at to start with to
conclude that that kind of a modeling of the fluid is not
reaily acceptable because 1t is equivalent to saying you
can‘t have those kind of modes in a tank.

MR. PHILIPPACOPOULOS: In other words, this is a
very significant mode for calculating the response in your
tank, asnd in the HLA mode) this kind of mode cannot exist
with this kind of modeling of the fluic element. That is
Qur poInt,

MR. SCHIERLING: Cris.

MR. HOLLEY: Could I make sure I understand you.
I think I catch Bob's difficulty. These are not calculated
for the earthgquake. These are simply mode shapes. The toe
one 1s the first mode, the middle 15 the second mode.

MR. PHILIPPACOPOULOS: This is a sine theta
mode, sine three and four theta modes.

What 135 happening here is simply we didn't put
the symmetric part in the bottom part of the tank. I mean
normally you would see the mode coming symmetrically an

the other half, Let me just kind of draw 1t here. It
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would come like that.

(Indicating and drawing)

MR. SCHIERLING: Again, the important thing I
think, Bob, is these are not calculated. They are
conceptual models.

MR. PHILIPPACCPOULOS: These are the modes you
get on the ring mode. So it 1s not conceptual, These are
the modes.

MR. CLOUD: These are the modes for a ring not
supported by soi1l or anything else.

MR. WHITE: I was )ust curious what these mode
shapes were for,

MR. SARKAR: Any circular ring will bend whether
1t 1s above ground, below ground ¢r anywhere as a series
of mode shapes, sine 1n theta and there is one to
infinity., The first few cause large bending and the higher
the modes you 30, the less bending you get, that makes
sense, whether the so1l1 is buried or not.

The only difference 15 the magnitude of each
mode component for a particular problem. Whether there is
se11 backfill or no soil backfill, that would change tne
magnitude of the first mode, the second mode, et cetera.

What we are saying is that the model, the fluid
mode]l prevents bending from occurring in that tank if it

wants to occur.
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on the nodes down below than you have up above and the
damn thing 1s going té move.

S0 I don't think i1t 1s always true that the
mode shape 1s i1ndependent of whether you are in a medium
or not.

MR. CONSTANTINO: The mode shape 1s there for
every problemy, Cris., The only difference would be the
magnitude of each mode shape i1n a particular problem.

Mr. REICH: The mairn thing that Mike is trying
to say 1s that the original model would not allow these
things to happen., That is what we were trying to say two
weelks ago.

MR. PHILIPPACOPOULOS: At the last meeting we
had I think it was clear siated by us here, by Professor
Constantino, that your mode)l did not have a very good
presentation of the fluid.

wWhen we went back we made a final mesh for this
model only in the portion of the fluid. We used the same
discritization outside and we obtainaed axial! forces here,
forces and moments. I have some tables of comparison and I
would like to go through them,

(Slide.)

The first table demonstrates a comparisan
between moments. This is the HLA model, the refined mode)

tnat I displayed before, and this is the lumped model.
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This number was demonstrated to you in our previous
meeting, the refined model moments that we obtainec a
nodes, at least here, and you can see by observing th
table these moments and the noments on the lumped mod
are pretty much on a ball park cloze.

MR. CLOUD: Mike, are the values not 1in

parentheses for horizorta! and vertical static?

MR. PHILIPPACOPQULOS: I am 20ing to demonstrate

three tables basically. The three of them, they are
demonstrating the responses for horizontal dynamic

analysis, No. 1.

6t

t the

z

el

No. 2, 1in all these analyses we did no! use

deconvolution, but we applied the Hosgri break at the

base. Now the numbers in the parentheses here, the reg

numbers with the red ink here are the moments again that

you obtained from the refined model when you used Y-Y

-

properties. Y=Y properties are the properties that

correspond to the measured data and from 1ab tests data

for the soil.

Now we can see clearly here that the Y=Y

section 1s definitely more critical than the Z-Z section.

This 1s not surprising to us.
Is there any question?
MR, REICH: If this were partially filled,

think tnat the results would even be higher.
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MR. CLOUD: 1If what ;cro filled?

MR. REICH: This assumes that the liquid is
completely filling the whole void inside the tank, If it
were partially filled and with geconvoiution it might even
be much higher.

MR. CLOUD: The o0il crisis 1s over,

(Laughter.)

MR. PHILIPPACOPOULOS: Are there any other
questions nn that table?

(No response.)

MR, PHILIPPACOPQULOS: The green numbers are the
numbers that correspond to the Z-Z section and the red
numbers are the numbers that correspond td the Y-Y
section. Al]l these numbers are moments here. Al)l these
moments are coming from the beam elements that we use in
the three models to represent the cell, the tank. The
moments are in feet-pounds.

(S1ide.)

The next comparison again was con the level of
the a«1al forces, The green numbers are axial forces in
Kips from the ZI-7 section and they correspond to the HLA
model, a refined mode)l with a Z-ZI and a lumped model.

In addition, we have here a list of the numbers
that we obtained wi*h a Y-Y section for the axial forces.

By inspection we can see similar results in the refined
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model of the Z-Z section and the lumped model which again
is a I-7 section are pretty much close. However, the HLA
mode) overestimates clearly the 3xial forces.

Also here we can see that again the Y-Y section
's more critical than the Z-Z section.

MR. HOLLEY: These are Y-Y properties or it 1is
the property difference of the soil?

MR. PHILIPPACOPOULOS: The I-Z properties are
properties that thay use based on similar scils. The Y=Y
Properties are properties based on their lab tests, and
that is the big difference between those two. Usually what
1t is is basically I-Z properties are an upper kind of
bound properties. They are higher than the Y-Y properties.
It turns out to be now that the Y-Y is more critical than
the I-7I properties.

Finally, I would like to demonstrate to you a
comparison of the level of shear forces.

(Slide.)

This again 1s a similar type of comparison. The
shear forces in pounds from tre HLA mocdel, the refined
model I-Z section and the lumped mode! Z- section and
also shear forces with our refined model, but with Y=Y
section properties.

From inspection we can see the same kind of

result that observed in the previous two comparisons. The
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HLA mode]l and the lumped model are completely different.
The refined model is closer to the lumped model. The third
observation 1s that the Y-Y sextion results are righer and
more critical overall, not a one-to-one basis of course.
They are critical in the Z-Z section.

This is the third type of comparison we made.
We used our refined model.

Let me make a few more comments.

One other comment is that we used a certain
discritization for the fluid. The results, they can also
be obtained by using a finer mesh. We tried a few runs by
using a 30 percent filled tank, a hypothetical number, a
30 percent filled tank, where the green stops toc a certain
level here so that you get 30 percent fluid there.

Those results again both indicate the moments
at this section and they even become higher than the
filled tank, the completely filled tank,

One very important point is that clearly from
three of these comparisons that I Zemonstrated toc you we
can see that the Y-Y section 1is mo;e critical than the ZI-Z
section,

All of these analyses ware done by using the
Hosgr1-Newmark earthquake as the 1nput level at thre
foundation here, the base, the slab. 1f deconvolution was

applied using the Y-Y section results, and the Y-Y section
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is softer than the Z-I section, and the deconvoluted input
at the base, the pulse wodtd be stronger than the pulse
that you would have gotten using deconvolution by using
the Z-Z properties, and we can say that these numbers are
going to be evan higher.

That cuncludes the presentation.

MR. HOLLEY: [ want to be sure I have the units
right. On on moments, thcse are foot-pounds per foot,
correct?

MR. PHILIPPACOPIULOS: On the moments it is
foot-pounds per foot for the length of a tank and again
Kips per foot.

MR. HOLLEY: But shear is pounds per foot?

MR. PHILIFPPACOPQULOS: Yes, shear is pounds per
foot.

Any more questions?

MR. SARKAR: Yes, I have a gquestion, Mike. Do
you now conclude that your lumpad mass model is the most
appropriate way of doing that anmalysis or the refined
model? What 1s the conclusion based upon that you arrived
at?

MR. PHILIPPACOPOULOS: Well, I think the refinad
model would be a better model, but when we say rs¢ ned I
have to make clear this point. This refined mode) nad one

purpose and the purpose was to demonstrate, tc prove with
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numbers what we have said 'n our previous meeting. The
modeling of the fluid was very close and that is why you
are getting all these funny answers with using your model,

Now 1f you refined this farther and farthrer,
then you can have a fzel 1f you are getting the right
numbers. We have to try a couple of measurements to see
whe @ you are.

At this point I want to bring our consultants
1nto the discussion if they have a different feel about
what I just stated.

MR, CONSTANTINO: It should certainly be that
the lump mass analysis has got to be a conservative
analysis,

MR. SARKAR: So what I understand from what Mike
sa'd and what you said is that 1f you go on refining the
model that you oppose the lumped mass mcdel?

5 MR. CONSTANTINO: Yes.

Oid you mention the other thing about the
FPoisson's ratio?

MR. CLOUD: I was going to ask about the fluid
properties, .

MR. PHILIPPACOPOULOS: On the Poisson's ratio,
the results that you presented to us today, after we have

the discussion we will look back into that thing.

What we are trying to do there is we want to
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put the right number for the bulk models of fluid there.
The whole discussion was about the wave propagatigon here
and you are using the definition of the p-wave velocity tc
define the properties of the fluid there. QCur point was
that the propagation of the p-wave, to accurately
represent the fluid in terms of material properties,.

MR, CLOUD: Why were the values you used for the
fluid properties used to obtain the numbers you just
showed us.

MR. PHILIPPACOPQULOS: That 1s a good guestion.

The values were usad for HLA analysis, and if
you want me to go more into that, I can.

MR. CLOUD: No, that is enough. Which one?

MR. PHILIPPACOFOULOS: 1982 reanalysis. Four
with three 9's, 4.939 Pcisson's ratio.

Ir addition to that, we speak of fluid elements
cf that code ourselves. We find that the difference
between putting the bulk mcdels of the fluid of the
elements and simulating the thing with 4,593, with three
3'sy, 1t was the same number and we were getting no
dwffergnct in moments or stresses.

Any other questions?

M7, HOLLEY: On your table showing axial forces
where there was a significant reduction from the HLA model

te your refined model and then a further reduction when
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MR. MILLER: I think probably so.

MR. HOCH: I would like to ask a question, and I
am sorry to jump in., Could you characterize the HLA mode)
3 shown up here, the very simplified model, one could
characterize 1t as being conser—-ative with respect to
axial force.

MR. MILLER: It is probably unconservative with
respect to bending.

MR, HOCH: The reason I am saying this is I am a
1i1ttle concerned that there is a tendency to throw rights
and wrongs around here a Jot and we are talking about
mathematical constructs, We are talking about your jumpcd
mass model being, and you used :(he word conservative I
telieve, being conserva:1v§ with respect to at least one
cset of parameters,

I guess I am concerned about the rights and
wrongs. I think 1f we talk a little more in terms of
conservatism rather than rights and wrongs, I think it is
38 Detter characteri1zation of the mcdels.

MR. MILLER: This sort of gets back to our
criginal discussion, but if you look at all-of the results
that have been presented today, your results, those
tabies and these results, the lumped mass model, all the
numbers are roughly in the same ball park except for the

original HLA model.
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basis.

MR. MILLER: Then I will never buy that. I think
it 1s clearly demonstrated here that there are such far
differences.

MR. SARKAR: But you have said the fact, which
Professor Holley also mentioned, that the bending may not
be the matter of concern. It is the axial force in the
tank which perhaps will be the predominantly large force
and you are getting substantially large ---

MR. MILLER: Bimal, let me answer that with a
number again. You had a number of a safety factor, using
your numbers the last time, of 1.55. If you stuck with
those ori1ginal stress allowables and didn't go to the mil)
spec. your tank would not be qualified right now. The
reason you went to the mil]l spec is when you make .he
safety factor number it was less than one. So you can't
say that 1t wasn't important., It clearly was important
there. You don't have as much safety in a tank using threse
other analyses as you did before,

So the refined mode) gives you lower factors of
safety 1n fact by your own tables than tne HLA model. I
mean you proved that. So you can't say the HLA i35 going to
be conservative. You just proved that it is not always
conservative, In fact, 1t 1s always unconservative as far

as the safety factor.
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MR. HOCH: My feeling is that once again we may
have reached a point of diminishing returns.

MR. WHITE: Personally, I think the NRC is going
to have to take a look at this overall analysis and take
intc consideration the charge they gave BNL and the real
bottom l1ine 1s 1s the tank qualified from our point of
view, Now what you have to do 1s judge from your own point
of view where are we on the subject. I think we are
looking at one riece of the overall analysis which is not
the overall engineering process that went into this thing.

MR. SCHIERLING: Well, the question comes from
what I hear you say now of is there any nsed to reconvene
after lunch?

MR. HOCH: I think there is, Mans.

MR. SCHIERLING: Let me just check for one
moment,

(Discussion off the rerord.)

MR. SCHIERLING: I recommend, and it is now a
quarter t111 one, that we reconvene at 2 o'cloack and
hopefully 1dentify the issues that have to be resolved at
that time.

MR. REICH. There is one correction we would
lTike to make. Mike inadvertently referred a few times to
our consultants who are colleagues.

MR. SCHIERLING: Okay. We will reconvene at 2
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o'eclock,
(Whereupon, at 12:45 p.m., the meeting

reacessed, to reconvene at 2:00 p.m., the same day.)
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monthly report. But somehow in the context of the project,
of your internal technical program, it should be addressed.

We will ask at the same time that Brookhaven put
down their concerns in writing and probably the results of
their analysis. I realize that some of that will be going on
in parallel and it would be more fruitful if it could be
sequentially. However, I do not think we have quite the
time to do that.

With that, do you have any comments, John, Dick?

MR. ANDERSON: That's fine.

MR. SCHIERLING: Again, I would personally like
Brookhaven identify the discrepancies both the way we see it
internally in your own work and with what we are doing, number
one; and then I would like you to come up with a parallel
analysis.

Morris, with that why don't you identify what the
issues are, the way you see it?

MR. REICH: All richt. I would like my colleagues
to come in and comment as I am speaking.

The first one that I see is the presentation given
this morning where more refined models are shown. It was
fairly clear that the answers which were obtained for the
moment were many times higher than those for the old 1978,
1972 core element fluid model we talked about last June 17.

That was essentially the thing we wanted to get
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refined grid which we also think will give somewhat higher
values than a full tank. .

Now, there is one more item which I would like
Chuck to mention, and this concerns the outer and inner
fiber results.

MR. MILLER: This is probably more of a question
than it is a comment. I guess the answer would decide that.

When vou now have different allowable stresses on
the inside and outside, it seems to me you have difficulty
combinging the axial force and moment from the FLUSH type
analysis to make sure you really picked up the worst case.

If you had the same allowables inside and outside,
if you had P over A and M over §, you would get the worst case.

Unless you do that and compare it with the minimum
allowable, it seems to me you have a hard time totally
resolving that picture. So, I think we would be interested

in seeing how you really did that.

MR. WHITE: Yes. The safety factors were calculated

- s0 far on P over A term. We have used 36 ksi for the entire

Cross section. We have not made a distinction between the
pertion of the axial load carried by the stiffener.

So, from that point of view we have taken a
conservative position.

MR. MILLER: But how do you combine the M over S,

then?
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MR. ANDERSON: Well, Hans, I think that we certainly
understand the discrepancies or issues that have been
identified. We would not have any problem writing up a
transmittal that would address these issues in as much detail
as we can come up with.

The issue here is a fairly broad issue, it invoives
the essence of the design process. Obviously, in this case
a fluid model was put together originally ccansidering all of
the factors -- some of which Jr. White has mentioned. -
Considering all the factors that fluid model was considered
to give adequate results.

In itself it may be subject to question in certain
areas, but as part of the overall process, the original
designers felt that the tank was indeed qualified.

I think that the work we have done, and I think
that certainly the work Brookhaven has done, supports the
idea that the tank is in fact qualified. So, it is a matter
of how we get there and what analyses we have to have on
record to show that the tank is qualified.

We are quite happy to go to a more detailed analyses
that is more academically suitable with the kind of scrutiny
that the tank has gotten in this light today, and we certainly
would be happy to put up all of the analyses that we have

done to support the issue, or support our contention that the

tank is indeed gqualified.
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things that get considered.

When a guy does an analysis and comes up with a
stress znd compares that with his allowable, the difference
between those two, he has to go back and reflect and see if
his original model was good, bad. or indifferent; was it
adequate.

In making that judgment, you have to consider how
conservative is that allowable stress that you are using as
your yardstick. If you use the interaction requation, you
know, is that really the most realistic yardstick? It is
certainly one that is adequate. If you can satisfy that,
everything is okay.

But if for instance a movement should cause some
yielding, is that in itself a real problem? The axial stress
is the thing where you really have some problems, which does
not appear in the yardstick of using the interaction equation.

So, I guess the point I am trying to make is, there
are many, many things that go into the overall design process.
We have looked at one portion of that, the modeling. I guess
we will take a look at ways of improving that to see if we
still come to the same conclusions, qualification integrity.

MR. KUO: If I may comment. I think we understand

fthe project's position. We also tend to agree with you that

there are still some conservatisms in the design.

But I think the overall purpose here in this
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exercise is to demonstrate that the qualification of this
tank meets the licensing criteria.

You mentioned about certain things like, for
instance, testing without this and that. It is there, we
all know.

But I think the most important thing here is to
demonstrate that the tank does meet the established licensing |
criteria that we have before us.

Also, I would like to point out, we are not
interested to pursue any -- interest as Dick pointed out
before. I certainly agree with that. Our interest is to
find out whether the tank is adequately designed.

But so far, from what we have seen, I do not think
there is sufficient demonstration that the tank is adequately
designed.

As Morris pointed out, there are discrepancies there.
I would like to make a few follow-up comments. For instance,
we had in 1978, 1982, 1983 analyses. I would like the
project to point out to us which one you would be using as L

a licensing basis for this case.

I am looking at so many analyses, '78, '82 and
'83. Which one am I going to have my SER basis; that is
the first thing.

The second thing, you point out the mere

certification of the 49 ksi properties, and you showed this
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morning a sheet of papers with a few numbers there. I do
not think that is sufficient basis for you to use in new

properties, I think you will have to show.

MR. WHITE: Oh, yes; sure. And this morning when
we had a piece of paper, that is not the kind of evidence
that you need.

MR. KUO: We‘need more than that. That is one
thing.

A second thing, you have to look into it, what
was the original licensing criteria.

And then the third point I would like to follew up
is this =--

MR. SARKAR: Excuse mé, P.T., would you extend that
one, what was the original licensing criteria?

MR. KUO: Right. By the original licensing
criteria, what I mean, allowables. What was used, ¢r on
what basis this plant, or the adequacy of the tank, was
accepted.

MR. ANDERSON: But P.T., if we are looking at
this in a more refined way, then we certainly can look at
what is actually there. That is typical of all of the review
of existing tanks.

MR. KUO: No question about it.

MR. CLOUD: Excuse me, could I ask a question for

clarification?
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or what?

In other words, I am saying you have to show
sufficient data to support whatever the number.

MR. WHITE: That is no problem.

MR. KUO: Okay. And the third one is this 22 and YY
problem. I still recall at the '78 time frame, when we
reviewed it we were told -- as Professor Miller pointed out --
we were told that 2ZZ properties produced more critical
results and on that basis we accepted it.

Now, if we were to believe that the YY properties
would produce more critical results, then the project would
have to look into that.

MR. SCHIERLING: One comment I had, Dick, on a
number of occasions you referred to, "Well, this is the model
that was used and it is only cne element in the overall design
process." You made reference that this very well could have
been what the designer had in mind, or this waS the designer's
judgment. ’

You have to keep in mind, unfortunately we do not
have that available to us right now and it is very hard to re-
establish that. I think therefore it is only more so of
importance to us to do it right now; whatever we do have the
bases put down.

MR. ANDERSON: We will certainly do that. We will

put down the bases very clearly for our new analysis.
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The point I was trying to make is that when we
go back and look at an old design and we say something is in
error, we often do a great disservice to the original
designer because we really do not know what the original
designer was thinking in the overall design process.

We do know that engineering design is a very complex
process, and one thinks of a lot of things as one goes forward
and does specific analyses and calculations. The analyses = 1
and calculations often are only a part of the overall design
process.

MR. SCHIERLING: And judgment.

MR. ANDERSON: I think we do prcfessicnally, we
do a great disservice to an original designer to ignore
some of the things that were probably considered and we have
every reason to believe were considered as they went through
that thinking process that developed the original design, or
the original analysis that said the tanks were indeed qualified
for the Hosgri earthquake.

MR. SCHIERLING: Go ahead. {

MR. CONSTANTINO: I would like to make two comments.
One is, I have to object a little bit -- as P.T. did -- to
this "academic exercise" this morning. As far as 1 was
concerned, it was not an academic exercise. I do not enjoy
running finite element runs for prosterity.

As far as your final comment goes, it seems to me
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no one around the table could justify an incorrect analysis

to qualify any structure. Our contention is the regional
analysis performed to qualify the tank is wrong. That is what
we are saying.

MR. ANDERSON: Maybe we would ask Harding Lawson
to respond to that. Would you like to respond to what the
thinking was?

MR. UDAKA: My name is Tac Udaka.

We know if you change, the response at a certain
point may differ. But we believed at that time, in 1978 and
1982, we modeled it gcod enough to show the tank is stable, .
including all the conservatisms. For example, we ignored
the timing of maximum moment.

So, we knew the stress. We know, we have ancther
stress from the tested value. But we did not divide the
factor of safety because if I can show the factor of safety
more than once, you know, I believe it is safe.

Then, BNL pointed out, "Okay, if you define the
mesh you are getting a different response. Then we went back
and have done all the analyses until we found a different
response.

But still, we can succeed to show the factor of
safety is one, although I have to use new tested volume, you

know.

So, we reached the same conclusion this time in the
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last few cases.

MR. REICH: I don't see how you reached that

4 conclusion.

MR. UDAKA: We took out the conservativeness.

MR. REICH: That is not true because you still did
the 2Z and we were trying to mention over b 're that you should
do this with the YY because the reason you had more con-
servative results previously with the 22 is because you had
the wrong mocdel, physically the wrong model, modeling the
physical event.

If you have the correct, more correct, model modeling
the physical event, we think that the YY would give you higher
stresses, especially with deconvolution.

Now, you might not -- I am not sure -- even with
the new properties meet the qualification.

MR. UDAKA: I had the wrong model. It is a closed

il model.

MR. REICH: Well, I think it is a model that does

| not physically model the true events that happen. As we

showed you this morning, you are not allowing certain modes
€O act.
MR.' UDAKA: Considering the old conservatism, we --
MR. REICH: Well, let me ask you this, if you have
45 at one number and 500 at the other number, would you say

that is a correct model? I do not know how to say it

]
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MR. WHITE: No, I am talking about the refined

model that we got and your model.
: - MR. PHILIPPACOPOULOS: Okay, so you are getting a
response.

MR. WHITE: That is what Dick was referring to.
I think in order to be able to close out the qualification of
the tank we are going to have to go back and take a look at
Section YY; that is relatively straight forward.

MR. PHILIPPACOPOULOS: You mentiocned before that when
set up the model you obtained time histories of Stresses of
the fluid elements.

MR. SARKAR: We did not.

MR. PHILIPPACOUPOULOS: You obtained time histories
for spreading movements, or --

MR. SARKAR: No, we didn't. We just simply add --
ignoring the timing which happens when it is opened maximum.

MR. PHILIPPACOUPOULOS: Now I realize, I understand
khy you did not see the high levels of tensile stress in the
fluid elements, especially of the torque, carried with your
model, which is an indication that the model of the fluid
lelements were not good, representative of the action of the flui
inside the tank.
MR. SCHIERLING: Do you have anything else, Bill, Dick

lff not, Bob, do you want to add anything?

MR. POLK: From my point of view these discussions

e 5
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are very helpful in that they tend to highlight the issues
involved regarding the qualification of the tank.and to
a certain extent makes our job easier -- which is not to say
you have to keep having them.

(Laughter)

MR. SCHIERLING: Let me add this: Dick, you

mentioned earlier, I think, that the staff has before it

evaluations by Broockhaven, by you, and indeed we also will
have before us the evaluation by the IVDP, and that is
another element that will enter into our evaluation and we
have to keep that in mind.

MR. ANDERSON: But we will send to you a revised
analysis that qualifies this tank and will address the issues
that have been raised. We will also, of course, send that
to the IVDP and it will be up to then the IDVP and the NRC
to make a judgment on it.

, MR. POLK: One additional question, Hans, is the
timing on this. Of course, we can get it at a later time.
But since we are not in that close contact with Brookhaven,
1Lf they know what their timing is for their submittal, it
would be helpful for us.

MR. SCHIERLING: You mean the Brookhaven submittal

to us?

MR. POLK: Yes. You had asked earlier that they

© one. So, my question is, does anyone know at this time when
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that would be.

MR. SCHIERLING: Not at this very moment, no. I
hope very soon we will know.

MR. POLK: Excuse me, one other thing. I would
only add, from our point of view, the sooner it were done,
the better off we would be.

MR. SCHIERLING: Yes.

One final question is, this morning we discussed --
I am sorry, go ahead.

MR. LUI: My name is Larry Lui.

I have two gquestions concerning the fluid properties.
I remember at the last meeting Tac Udaka talked about 6,000
feet per second of fluid unit weight of 65 pounds per cubic
foot. This time I see the variants have been changed.

MR. UDAKA: The last time I was talking abaut water,
and this is =-- fluid. So, we went back and looked at the .

output.

MR. LUI: So, you were using =--

b

MR. UDAKA: The right properties this time. The last
time I was talking about the water. Water is 2.3, 1
MR. LUI: I would like to know on what basis you

chose 7,000 feet per second.

MR. UDAKA: I have to go back to the office, I don't

remember. It wouldn't make a big difference.

MR. LUI: Thank you. i
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MR. KUO: It wouldn't make a big difference in
what?

MR. UDAKA: 1In the response.

MR. KUO: In the response.

MR. SCHIERLING: Also, it is my understanding that
there is nc need to distribute this output. 1In case you do
have a need for it, let us know, the BNL FLUSH output.

If there are no further questions or comments, the
meeting is adjourned. Thank you very much.

(Whereupon, at 2:45 p.m. the meeting in the above-

entitled matter was adjourned.)
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