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PROQCEEDINGS
MR. SIESS: The meeting will come to order.

This is a meeting of the Advisory Committee on

Reactor Safeguards Subcommittee on Structural

Engineering.

I am Chester Siess, Chairman of the

subcommnitee, and wve have several other ACRS members

present today. I am not sure how many of them are

members of the subcommittee; but Mr. Etherington, MNr.

Shewmon, Mr. Ward, Mr. Ebersole, all members of the

ACRS. We have two consultants to the committee, MNr.

Pickel and Mr. Zudans. And the designated federal

employee sitting at the end of the table is Mr.

McKinley. And then we have one of our ACRS fellows

present, Mr. McKone. I think that takes care of

everybodye.

The purpose of the meeting is to review the

NRC research program on containment capacity that 1is

being carried out at Sandia Laboratories under the

sponsorship of the NRC Office of Nuclear Regulatory

Research.

The meeting is being conducted in accordance

with the provisions of the Fedleral Advisory Committee

Act and the government in the Sunshine Act. The rules

for

participation in the meeting have been announced as
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part of the Federal Register notice. A transcript is
being kept, so the speakers will please give their names
vhen they first speak so that the Reporter can get that
dowvn. And we have no microphones so just speak loudly.
And if th: Reporter cannot hear you, he will so indicate.

We have received no requests for cral
statements from members of the public, and ve have
received no written statements from members of the
public.

We have an agenda. It is labeled a tentative
schedule. It calls for the subcommittee meeting proper
this morning with adjournment sometime around noon, and
after lunch those present will visit the Sandia
Laboratories to look at some of the work that is going
on. And that visit, of course, is not a part of the
public subcommittee meeting.

We had a meeting on this matter in July of
1981. Members of the ACRS present at that meeting were
Kerr, Bender and #ark, none of wvhom are present today.
We have a new shift in, and so those making
presentations should keep that in mind, that everybody
her2 is no'. say as familiar with the program as I am,
which may not be too high a2 level either.

I think Dr. Zudans was at the meeting in

July. Pickel wvas not. Is that right?

ALDERSON REPORTING COMPANY, INC,
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MR. ZUDANS: I was at the meeting.

MR. SIESS: Very well. So we might just as
well sort of start from scratch. I am speaking now both
to Jim Costello and the people from Sandia.

The agenda calls for an opening statement by
the Chairman, and I do not think I want to say a great
deal now. T could try to summarize what the objective
of the research program is, but I think that more
properly should come from a representative of the Office
o€ Nuclear Regulatory Research; and I suspect the
objectives have been modified somewhat since my last
formal connection with it.

So unless there are some questions from
members of the subcommittee, I think we might start cff
with Jim Costello.

Any questions?

(No response.)

There will be plenty of time for questions
later on.

Jim, do you want to open things up? I should
mention that in addition to Jim Costello from the NRC
staff we have Franz Schauer here, who is Chief of the
Structural Engineering Branch, Office of Nuclear
Regulatory Research -- I forget what division -- and

Pete Williams, who is Research Coordination Branch.

ALDERSON REPORTING COMPANY, INC,
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MR. WILLIAMS: That is right. Standards and
Research Coordination.

MR. COSTELLO: Good morning. My name is James
Costello, NRC cstaff.

I thought for purposes of continuity I would
put on the first slide.

(Slide.)

It is something we had seen at the meeting in
July, indicating that at least some things remain the
same.

Walter Von Riessemann from Sandia, who will be
talking to you a great deal later today, is still here.
I am still here. And the principal questicn is still
the same; that is, how will containment structures fail
and at what loads, or put another way, what is the
containment's capacity?

For a little bit cf a background you will note
that the title currently is "Containment Integrity."
Initially the title was "Containment Safety Margins." I
think that tells the story that will fill in the gaps.

Back in the fall of 1978 when the program in
structural engineering research vas just beginning to
get organized there wvas a great deal of discussior and
interaction between the research staff and members of

the Office of Nuclear Reactor Regulation. Here we are
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back in th2 fall of 1978, and the discussions ensued
vwith members of the staff from the Offices of Nuclear
Reactor Regulation and the then Office of Standards
Development, and ideas began to be focused on what scort
of structural research programs vere needed.

At that time one of the topics that wvas
identi€ied wvas wvhat was then called containment safety
marg. «nat is, it was recognized at that time that
containments could sustain lcadings outside the envelope
of the design basis, but hecause of the way the
technology had developed, there was no real consensus oOr
basis for consensus on estimating how muchk. And the
feeling wvas then it woculd be a good idea to try to get a
handle on the ability of containments to withstand
loadings beyond those for which they were designed. And
at that time it was felt to be, while one of the highest
priority issues, immediacy and urgency were not
perceived.

And I guess you are well avare of a long tale
of research programs and budgets, a program that wvas
thought about in the fall of '78. It really would not
start until fiscal '80. And then somewvhere in the
spring of 1979 a little bit of immediacy and urgency vas
perceived, and there wvas an attenpt to get started as

gquickly as ve could in response to the Three Mile Island
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incident.

The approach that was taken virtually from the
outset, although others vere sxplored, was grounded in
the observation that there are great differences from a
structural engineering perspective among the population
of containments, and that prototypical or I should say
scale model testing, i.e., tests of a given containment
type at reduced scale, in a basically experimental
program was out of the guestion. And there wvas also a
simple observation that that would probably be an
improper takinag for the NRC as wvell to model somebody
else's containment for him.

The approach was to develop a sufficient
experimental data base to allow discriminating judgment
to be applied to methods used by agents of applicants,
or applicants or licensees to make their estimates for
their containments. And that is about the way we have
been going for about tvo years now.

Now, let me move on a little bit.

(Slide.)

About a year and a half ago or so when it came
to the question of priorities and allocation of
resources there was a fair bit of interaction with the
NRR staff and with a review panel which has been

constituted to provide peer review for this progranm.
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The interaction goes more or less like this.
The questions of priorities and needs are fairly vell
based on staff perceptions. The review cf progranms
proposed to meet those needs as far as technical
adequacy are revieved by the reviev panel.

Members of the review panel are not here
today, but I thought I would give you a rundown of their
names. I think some of the names will be farmiliar to
yous Tom Ahl from Chicago Bridge and Iron =-- his main
area of expertise is design of steel contszinments and
liners; Bill Baker from Southwest Research has a long
history in experimental mechanics; Pece Cybulskis from
Battelle-Columbus has been added recently to tlhe panel
in response to observations both by the ACRE
Subcommittee and other sources that the panel had
previously lacked scmeone with a great deal of
conversance in accident scenarios; Asa Hadjian from
Bechtel hac principal areas of expertise in seisnmic
design and containment analysis; Mete Sozen from the
University of Illinois has main areas of expertise in
experimental design and testing of concrete structures;
John Stevenson of Stevenson and Associates and Joe
Ucciferro of United Engineers have containment design
experience; Ian Wall from EPRI is on the panel to

participate mainly in interactions with probabilistic
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risk analysis studies; Professor Dick White from Cornell
is a nationally recognized expert in experimental werk
on structures.

As a result of the interaction with the staff
about a year and a half ago it wvas decided to go with
first priority on steel containments and deferrina work
on concrete containments until later.

MR. ZUDANSs Could I ask you one question?

MR. COSTELLO: Sure.

MR. ZUDANS: In the objectives in the previous
slide one of the approaches would be to assess selected
predictable numerical methods, is that rigat?

4R. COSTELLO: That is correct.

MR. ZUDANS: I know Sandia has their own
in-house expertise cn that, Which one of these review
panel members comes closest to expert in that field in
numerical methodology itself?

MR. COSTELLO: In numerical methodology itself
I do not think we have anyone who is especially strong,
but Ucciferro is probably the closest.

¥R. ZUDANS: He is just a user.

MR. CIOSTELLO: That is correct. That is
correct.

As T say, as a result of the decision to go

forvard vith steel first and followv in with concrete,

ALDERSON AEPORTING COMPANY, INC,
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this decision being dominated principally by resources,
a plan vas vorked out and reviewed by the panel whose
names you have just seen. Redon reiterated and is now
on the verje of publication. Some elements of if I am
sure you may have seen in very brief form in our draft,
our most recent draft of the long-range research plan.
You will hear more about it today.

The work proposed currently for concrete
containments has not had the benefit of review by this
peer review panel as yet. So to the extent that we do
talk about initial thoughts on Licow to proceed on
concrete containments, please bear in mind that that has
not been thoroughly cycled through our review process.
Okay.

(Slide.)

I guess this is my half a page prospective
vu-graph, where ve stand today. This is wvhere ve say
two major areas of utilization. I think we are
beainning to see more in the second area in later tim:s
than ve savw before. I think we alwvays recognized that
there were tvo areas but did not perhaps foresee vhat wve
nov see as a growth in demand for our end product.

Where we stand right now, in summezry form,
with current resources is that static pressure tests --

that is, tests up to failure under monotonic increasing
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‘84, and details of that will be gone into today.

Current thinking is that what was sometimes
called dynamic pressure tests wve are currently
visualizing for *'85 to ‘87, and these are, of course,
tests which will be necessary to gain some credibility
for responses to rapid deflagrations and other
accidents.

I intentionally changed the slide to reflect
my ovn bias. My own thinking is that wvhen the accident
scenario business boils down a little bit from a
structural engineeriny viewpoint of containment, the
important part about the unsymmetric dynamic loads will
be for containment purposes. They wilJl not be terribly
4ynamic. And the lack of symmetry will be the
significant aspect, not the transient nature. And ve
visualize looking at seismic effects out toward the end
of the decade.

We are a little less clear on what kinds of
experiments will be needed to bridge the gap from the
basic buil?ing blocks. My ovn personal feeling is that
if ve can satisfy ourselves with the basic building
block, i.e., that there is a general ability in the
construction engineering community to predict Just what

will happen to a given containment under a monotonic
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decreasing -~

MR, ETHERINGTON: Does that long time schedule
reflect a low level of funding?

MR. COSTELLO: Yes, sir. I guess that is a
short answer.

MR. ETHERINGTON: That is good enough.

ER. COSTELLO: To give you a little bit of
history on that, we started out with something, $50,000
in 1979 to get the ball rolling. I have managed to,
collecting leftovers from 1980 and '81, managed to piece
together, oh, about a million and half dollars for this
year.

We visualize being able to corral two to two
and a half million in the out years. That is the number
ve are looking at. We have not been able -- management
feeling back in NRC is we have grown in the program as
fast as wve can vithin the NRC budgetary constraints.

Another response to your gquestion is wve may
see something different in scheduling as a result of the
poring over of proposed sever2 accident plans. Some
comments on the proposed severe accident research plan
indicated that in the view of the commenters progress on
containments should be accelerated.

MR. ZUDANS: Jim, I have two gquestions.

Will someone later attempt tn define what is

ALDERSON REPORTING COMPANY, INC,
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meant by capacity?

MR. COSTELLO: Yes.

MR. SIESS: Not later.

MR. ZUDANS: And the other guestion, a similar
definition for what is meant as input for risk analysis.

MR. COSTELLO: Let me ~--

MR. SIESS: Wait a minute, Jim. PRefore you
ansver that, put your first slide back on; and I vant to
say a fev words to at least try to set the stage for
some of this meeting.

(Slide.)

The ARCRS has tlie responsibility, as you know,
to reviev the NRC safety research program; and in our
reviev of that program ve usually focus at the broad
level of what is being done and why it is being done,
and not in all cases do we get down to the level of
looking at how it is being done or howv well it is being
done.

Now, this meeting has both objectives, I
think. The guestion of what and why is something that
ve can in this meeting explore with the representatives
from NRC. Our presentations and interactions with the
people from Sandia will be chiefly devoted to how it is
being done and hov well. So that is the separation that

I think is important. So T want to come back now to the
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first part and spend a little bit of time on that.

Your principal questions, there is the wvord
“"failure."”™ This is not a nev gquestion to you. What do
you mean by "failure," and what does Sandia understand
what you mean by "failure?"

¥R. COSTELLO: Well, I wish I could say with
certainty that ve were a great deal further along the
road than ve vere when I talked to you in July. We
still have the perception that failure, containment
failure is related to leak rate, and that an
unacceptable leak rate is ‘ailure.

Now, the quantification of that is to my mind
inextricably entvined with consequence modeling. The
best we can do is to try to assure that what we are
doing will provide a suitable piece when that puzzle is
put together, And that is the reason why wve have gone
to the added expense of the -- you know, our feeling
that leak rate is a significant failure parameter is in
fact one of the reasons we have heved to the course of
compressed gas as opposed to hydrostatic gas.

MR. SIESS: Well, it seems to me -- and I have
not heard Sandia's presentation yet; it may get changed
== but from what I have heard so far, not here but
before, that the project objective is still very

strongly focused on structural capacity and structural

ALDERSON REPORTING COMPANY, INC,
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failure. It is structurally oriented. For example,
this is suggested by the proposed corder of testing where
you start off with a plain shell vithout any openings in
it at all, which is the opposite end of the spectrunm
from vhere leaks are going to be.

And I am becoming increasingly concerned that
wve may spend =s=everal millions of dollars and get several
years dowvn the road before we find oit that ve have been
trying to ansver or in fact have ansvered the wrong
question.

Now, the question is not when the containment
fails but when the containment begins to leak
excessively, and that is the only gquestion. The only
reason that containment is there, except possible
shielding and missile protection, is leakage. Its
primary purpose is leakage. It has been pointed out
that it is the only engineered safety feature that is
there only to protect the public and not to protect the
plant. Okay.

Now, I have been thinking about this a little,
and T have come up with the thought that there are four
vays we can have excessive leakage of a containment.

The first is that it fails to isolate; and I think there
is a fair amount of evidence around that that is a high

prcbability condition. It took them 12 days at Zion to
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get the containment tight enough to make an integrated
leak rate test. There was a paper published in Nuclear
Safety a year or so ago estimating the reliability of
isolation, and they came out with not very gcod figures
in terms of what people use in risk analysis.

The second possibility for leakage is the
failure of a penetration or an isolation device because
of the effect of pressure or temperature following an
accident. For example, in the NUREG/CR-2182, the Oak
Ridge study on the Browns Ferry blackout, after the
batteries failed, in about four hours, three or four
hours, you had a core melt, and when the core wvent
through the vessel, the temperature in the containment
vent up, the pressure vent up. And at a pressure of
maybe 120 psi gauge, which is, I think, wvell within the
capacity of that containment -~ it was designed for 56
== there vas a temperature in the range of 400 to S00
degrees Farenheit, and the people that made that
analysis decided that the electrical penetration
assemblies, the elastomeric seals would fail and they
vould blow out. At that point there was no pressure in
the containment, but the leakage was, of course,
excessive. The pressure dropped to zero.

The third possibility is that there would bde a

failure of the penetration, or a hatch, or a door as a
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result of deformation of the basic containment under the
pressure/temperature following a severe accident.

And the fourth possibility is there is a
rupture of the containment structure itself, which of
course leaked excessive leakage.

Now, I expect the probability of those four
modes of leakage -- and they could be subdivided -- are
about on the order I gave them. I think the first one
is the most probable and the las. one is the least
probable. And I have gotten the impression, which I
would be vary happy to have corrected, that the emphasis
in this program is on the fou_th mode, structural
failure of containment, and to some extent on the third
mode, which is the penetration failure resulting from
overpressure/overtemperature of the containment itself.

And we might solve that problem with a few
million dollars in a fewvw years and find out that it is a
negligible contributor to risk. 'Now, I dec not think
that ve afford to do that.

MR. COSTELLO: May I respond a little bit?

¥MR. SIESS: Yes.

MR. COSTELLOs: I guess you expected me to.

MR. SIESS: You and Pete and Franz and any of
you that wish to respond at this point.

MR. COSTELLO: ©Well, I guess, let me work my

ALDERSON REPORTING COMPANY, INC,
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wvay backwvards through your observations and comments
which I think are most helpful.

From my viewpoint the emphasis is about
equally on your items three and four; that is, leakage
around penetrations caused by deformations.

MR. STESS: Let me clarify nowv one reason I
put the order I did, is that as I see this program for
about the first three years anyway, the next three years
it is going to be on number four; and if three gets in
there, it is going to come in toward the end.

Am I wrong?

MR. COSTELLO: No. I believe you are
correct. But if you will allow me to continue backing
up, I will get back to my observation.

Our feeling is that the emphasis is on three
and four about equally. The guestion is how do wve get
there, and I guess I will have to observe that the first
thing in our approach bullet, the first of our approach
bullets is effectively vhat is driving it. We have to
have, at least in my perception, a belief that
analytical methods suitably calibrated can indeed
reliably predict what is going to happen first and
vhere; that is, will it be around a penetration in your
items three and four, or will the penetrations hold and

will something happen out in the membrane area.
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The fact that there are sO many varieties of
containment leads us to this reliance on analytical
methods. And by that I do not mean strictly analytical
methods developed as part of this effort. There is a
great hope, and I think there will be realization that
people who are now trying to make whatever predictions
they can will be most pleased to avaii themselves of the
data to improve their predictions.

But I think that is simply why ve are going
the vay ve are going. And I think your observation that
you will not get two things vith penetrations in them
until later in the sequence as outlined by Walter --

MR. SIESS: There is a lot of merit in going
from the simple to the complex, even if you know that
the complex is really what you want to know. But going
from the simple to the complex in this deliberate
fashion seems to me to ignore the time constraints that
are here.

I keep hearing people on the staff talking
about severe accident rulemaking which is now out, but
severe accident program, talking about a time scale that
I think is quite a bit shorter than this program is
going to resquire.

Now, I can visualize other approaches. I can

visualize one where I start off with the most
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complicated thing I can think of, and the best analysis
I can think of, and the best tests I can make and see
how good it is, and then find out where it does not work
and then take those questions and try to ansver them.
That builds up from the simple to the complex.

Now, experimental people, that will work for
them. It has worked in the past. To some extent it is
a gamble. You may end up writing it so complex that you
have to go back and start over at the beginning again.
On the other hand, sometimes you are able to skip tvo or
three steps and get to an ansver, or you might hit it
lucky and find out that it works the first time, in
vhich case you are home free.

I do not know how inclined Research is to
Jamble, but it seems to me that the desirability of
looking at that kind of an approach is something that
needs to be explored with the licensing people or
vhoever is trying to make the decision. I do not know
vhether it is the Commission or somebody else.

MR. COSTELLO: I guess I can offer -- may I
speak?

MR. ZUDANS: I 3just wanted to add to Chet's
comment, if I may. I think this i< a very interesting
breakdown in these four items.

Chet, if I am not vwrong, item number one, they
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could not really 40 anything.

MR. SIESSs No. And I notice in the
long-range research plan they dismiss that. They say
failure to isolate is something ve take care of by
quality assurance and in service inspection; and they do
not have the slightest idea of how good their isolation
reliability is, but it is dismissed. That, I admit, has
nothing to do with this progranm.

MR. ZUDANS: The second point that you brought
sut T think is extremely interesting. I am wondering
vhether this program intended to do anything like it. I
think that is a significant point.

I see Walter shaking his head. That will be
right?

MR. VON RIESEMANN: We did, but the limitation
on the budget --

MR. COSTELLO: Yes, I guess. May I first
answver your question and then go back and discuss =--

MR. ZUDANS: I d4id not really ask a guestion.
Go ahead.

MR. COSTELLO: Okay. I am still on the
question of why we are going the way ve are going, and I
have a sense from listening to Professor Siess’
comments, I have a sense of deja vu.

On our advisory panel there was a good Adeal of

ALCERSON REPORTING COMPANY, INC,
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discussion along these lines. Professor Siess suggests
that perhaps extreme prudence on the part of the NRC
Research staff in wvanting to keep up on the problem -~
and I guess I am principally responsible for that.

Maybe it is extraordinary prudence, maybe it is simply
covardice, but I think we have to be realistic in our
experimental effort. We need a certain amount of
batting practice before we can convince ourselves tlat
ve do have experiments in which ve z2re measuring what wve
want to measure and the like. The initial effort on the
clean shells, well, I am not so sure I even consider
that batting practice; more like leg stretchers maybe,
or varmups. They will provide something that will be
useful in the large deformation of code prediction for a
clean shell, but that is perhaps a side benefit.

The first two tests are really there to shake
down =-- perhaps it is imprudent to publicize them as
tests and just treat them as something that is internal
housekeeping., Howvever, I feel ve are spending the
money. We will say what we are doing to get to items
one and two.

Yes.

MR. SIESS: Then we have the guestion of
time. Have you got the luxury of taking the time to do

that?
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MR. WARD: Let me see, Jim. It seemed to me
that there is maybe -- the chart you had up, the last
chart you had up you said there are two -- you talk
about two areas of use.

(Slide.)

One was judging, to permit the staff to judge
the creaibility of capacity estimates that the licensees
will make., The second is to provide input to risk
analyses. Those are two different tasks.

I wonder if the breakdown of Chet's four items
is somehow related to these.

MR. COSTELLO: Well, I guess =--

MR. WARD: And which of these purposes is
driving you in the near term.

MR. COSTELLO: Perhaps first I can respond to
your question and then Dr. Zudans' together, and I think
it comes down to this. As Professor Siess points out,
as he enumerated four areas, the isolation question is
clearly bsyond the scope of our program, It may wvell be
historically demonstrated to be perhaps the cne of
greatest concern.

The failure of small penetrations we have
alvays perceived as an issue that is there. 1In an
earlier, more grandiose scheme that extended the

resources available, Dr. Von Riesemann and his
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colleagues proposed a much more elaborate testing
program on environmental qualification of penetrations.

Another out wve have on that is gee, that
belongs in the electrical branch. Now, I will not push
that too far today, but I think that is why we have
alvays vieved one as being way beyond our scope, two as
being tangential, and I think we have reason to believe
that the effort on two will be picked up but perhaps
some place else.

But on items three and four, even in the inpLt
to risk analysis -- I think Dr. Zudans asked what I
meant by that 15 or 20 minutes ago =-- it will be in
categories three and four probably; that is, when will a
containment fail and vhere. And questions like this
seem, in recent go-rounds, to be of extreme interest in
risk analysis and consequence analysis.

MR. STESS: But, Jim, you are addressing this
as maybe appropriate from the standpoint of the
structural engineering section in the Mechanical
Engineering Structural Research branch. That is
legitimate to say that my mode two is not your job; it
is somedbody else's. But it is the job of somecone in
Research to look at this and say wvell, maybe mode two is
going to be the principal contributor to risk, and ve

ouaht to put $10 million into it, and we should not put
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money into containment capacity, and not at the same
rate.

And, you see, we do not have those people
here. We do not have any pecple except a bunch of
structural people here, except Pete, and Pete may be
able to address this if ve give him a chance, if he
raises his hand.

MR, COSTELLO: Nobody here bdbut us Indians.

MR, SIESS: As far as Sandia is concerned, if
I vere the principal investigator on this I would be
very reluctant to propcse the gamble type of approach I
suggested wvhere we start in, test something with a lot
of penetrations, and work backwvards; and maybe it wvworks
and maybe we start over.

As a researcher I would be more inclined to
take the step-by-step, A-B-C-D approach. But it is
appropriate for the sponsoring agency to make the
decision that if wve need an ansver in the three years,
let's take a gamble on some other approach, and it is
our responsibility.

So again ve have a division of responsibility
here, the whole research thing, the structural part.
They responded to your RFP, and it is not quite that
cold. And these are strategy type decisions, and I

really do not expect to get them settled here; but I
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vant to raise it. Maybe Pete -~

MR. COSTELLO: Let me make a guick response.

MR, STESS: And then T will give Pete a chance.

MR. COSTELLOs Of the penetration turning to
taffy prediction from Oak Ridge, in fact, I had a couple
of discussions vith Bill Anderson, who was Chief of the
Fechanical Structural Engineering branch, in the last
couple of weeks about where does this fit vis-a-vis what
ve are doing. I Juess I can assure you that at least at
a somevhat slightly elevated management level there is
discnssion going on about what some of the things that
may be outside the box that are important, you know,
vhere some of these areas may be.

I guess you know much more about the structure
than I do, and I think we will not see ~-- I would
cheerfully submit I do not think you will see any major
reallocation of resources among programs lumped together
into severe accident plan without significant input from
the outside and to senior management.

MR. SIESS: Well, it may get it. You see, I
can look at it very =--

KR. COSTELLOs They might welcome it, too, I
think.

MR. SIESS: If I wvere convinced that modes one

and twvo were much more likely to contribute to modes
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three and four, and that somebody in NRC wvas really
going to look at mcdes one and two -- that s, failure
to isolate and containment failure or penetration
failure -~ and really get going on it, then I could be a
lot more relaxed about modes three and four. I might be
a lot happier by taking it step by step and spending
five or six years to look at containment capacity in
case it comes up in the future and get that one out of
the wvay.

But if T am locking at containment leakage as
a problem in severe accident phenomena, then I guess I
have to ask NRC Research whether they are working on the
most important parts. Now, whether they end up taking
money avay from ycu is something else.

YR. COSTELLO: May I add one more --

MR. SIESS: Okay.

MR. COSTELLO: You jogged me with one more I
had on my list that I d4id not get back to. But I seem
to recall discussing in July -- obviously it did not
take or it did not permeate the discussion today; my
feeling is perhaps I did it in an aside -- as to whether
vhat you have identified as modes three or four are
important to us.

If you look at it from -- suppose you

identified this as the weak link, what do you do aspect,
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the valve closing, the most probable, is also the most
fixable, at least in principle. The leakage around
small penetrations due to environmental effects is also
perhaps a little less fixable than procedures, is
probably == I may be get%ing on thin ice here about my
knovledge of high temperature materials -- but I think
it is probably fixable at a relatively small expense of
time and money if a premature failure of penetration
vould be at half of what you would expect otherwise.
When we get to mode three, a retrofit of a
large penetration, if it turned out that that
penetration capacity, the capacity to withstand that

penetration limited your overall containment capacity,

vould be possible but a major undertaking. And when you

get down to the membrane failure itself, of course there
is no effects.

MR. SIESS: Yes, there is. There is one fix
for both modes three and four, and that is the vented

filter. You just do not let the pressure get up. That

is not an original thought with me, as you probably know.

MR. COSTELLOs Okaye.

MR. SIESS: But there are wvays of keeping the
containment vents from being overpressured, and I guess
putting a couple of 36-inch holes in a containment for

piping may not be a minor _ackfit, but it is probably
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not much wvorse than trying to fix up equipment hatches
that are going to leak.

Okay. Let's see what -~

MR. WARD: Chet, could I ask one further
questions?

Let*'s see, you know, the containment failure
as you started out, containment failure is an
unacceptable leak rate. Somewhere that gets defined,
given the situation, guantitatively. I guess nmy
question, going back to Chet's four items here, is it
clear that one and two will give yocu leak rates which
are beyond this threshold of unacceptable. I guess it
is clear that four and probably three will.

MR. COSTELLO: Yes, sir, I think so.

MR. SIESSs The Oak Ridge study blewv out all
the electrical penetrations. The pressure dropped to

zero instantanteously.

MR. WARD: Okay. I guess you have answered my

gquestion. Are the leak rates for those two failures =--

they are clearly beyond the threshold of acceptability.
MR. COSTELLO: To my understanding of the
readings of WASH-1400 and the Oak Ridge study, the
ansver is yes.
MR. SIESS: Has anybody ever taken -- for

example, there are a number of accident scenariocs
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obviously, and right nowv people are using the MARCH
code, MARCH-COPRAL or something, which I know has a lot
of bugs in it; but it will predict certain rates of
increase in pressure, right?

KR. COSTELLO: 1Yes.

MR. SIESS: Has anybody taken that and looked
at wvhat size opening or what leak rate -- and I wvould
prefer to think as a structural engineer in terms of the
size of opening -- what size of opening would
essentially stop that pressure increase. The pressure
is going up 10 psi an hour. How big a hole do you have
to have vhere it does not g¢ up any more?

MR. COSTELLO: I am sorry. I cannot answver
that gquestion. I have a vague inkling of seeing some
calculations associated with holes, but I do not
remember the details, and perhaps =--

MR. SHEWMON: Sandia has a comment that ve
will hear later.

MR. COSTELLO: 1If we can defer until then, we
can do that.

MR. SIESS: That is what Dave Ward's question
is essentizlly. I suspect if you get a six or eight
inch or twelve inch hole that your pressure will just
not go up any more; it will go down.

Okay. Do you went to let Pete =--
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¥R. COSTELLO: Or I could ~-- if you want to
talk about what I have on the last slide for a few
minutes, then I could let Pete come on.

MR. WILLIAMS: I will be very brief. I can
tell you that there are essentially ~--

MR. STESS: You will probably be back, Jim.

MR. WILLIAMS: I am Pete Williams from the NRC
staff. I can direct this to two items which are goiny
on which I think address the concerns you have raised at
this time.

One is that there has been a long-range plan
for severe accidents, It was called NUREG-0900. And in
our NRR staff ve did have the opportunity to comment on
it about a month ago, and in the comments that wve
offered on containment integrity we did not address mode
one, the isolation problem.

I think most of us felt that that was
something within our own domain, and we did not foresee
any research that would help us in that area. Howvever,
in mode tvo we 4id1 insert comments into our comments on
NUREG-0900 -~

MR. SIESS: Wait a minute. The NUREG-0900,
it's the severe accident -~

MR. WILLIANS: Program plan.

¥R. SIESS: Research plan, isn't it? It is
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not the long-range research plan.

MR. WILLIANS: That is right. And you may
have seen our comments on that.

MR. SIESSs Yes, I have.

MR. WILLIAMS: Okay. I cannot remember them
alls T know we 4id ask Fesearch to give us a definition
of what is meant by containment failure, and I knowv wve
4id ask Research to consider penetration failures in
their research activities, and we did put an emphasis on
time.

We told Research in those comments that ve
vanted answers by fiscal ‘8B4, we want to make decisions
during fiscal ‘84, and that the research should be
planned well enough so that the research to be performed
after fiscal '84 would really be complementary and
supportive of the decisions. That would be what is
called good research planning.

Our comments vere reviewed by the highest of
Research management, and we held a meeting just last
veek where many of our comments were discussed with
high-level management, and they, in particular on
containment -- we did not go into it deeply, but they
felt that our comments wvere well taken and that the
programs would be directed along that line.

MR. SIESS: Pete, you said you wanted answvers
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by a certain date. Do you really nhave to have ansvers,
or do you want good questions by that time? It seems to
me that with the variety of containments, the variety of
penetrations, and within any single plant there is a
variety of penetrations, and go to another plant, they
are different.

MR. WILLIAMS: I think we want both. The
answer that we want, though, is to make a decision on
additional engineered safeguards, whether or not vented
filter containment should be a device to be backfitted
to existing plants. We would like to make a decision on
that in the next two years.

¥R. SIESS: I do not see hov you can get
ansvers that gquickly, because if the penetrations are a
veak spot, the only way you are going to get answvers is
to ask every applicant to tell you how good his
penetrations are. There is no wvay the NRC Research,
Licensing or their contractors are going to be able to
ansver the guestion as to what is the pressure and
temperature capability of every possible penetration
over six inches in diameter or over three inches in
diameter. And if you are going to be able to know
vhether those penetrations can withstand a severe
accident, you are going to have to have a set of

gquestions to ask the licensees, and for him to g¢ out
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and get the answvers nov.
MR. WILLIANS: You
what the environmental
these penetrations
anything now that is 1 s than just an
hope, though, in the
estimate of what the rature, pressure, humidity and
that sort of thing will be in containments.
One more thing I would like to say.
know, we introduced a new concept
management. We do not know where
NRR has endorsed quite strongly the
consider that as an important addition to both acciden*
prevention strategies and accident mitigatio n
strategies; and this may lead us into =--
MR. SIESS: How does containment leakage enter
into a strategy of accident management?
last engineered to radioactivity reachin
19 environment. After it gets out of containment all you

20 have left is evacuation, shelt in potassium jiodide.

MR. WILLIAMS: ¥Well, you hope, I believe, to

keep melted fuel, if it does melt, within the reactor
vessel.
is prevention, ves.

Now I think we are into
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semantics. You might say that THMI-2 was a managed --
accident management took over after the initial event,
and it vas sufficiently managed to keep the core from
degrading further.

MR. SIESS: Well, sure, everybody wants to
keep the accident from progressing that far, but that
does not m2an ‘"2 53C is goinv to let somebody stop at
that point. We are not going to take containments out.
We are not going to tolerate a leaky containment. What
TMI taught us, if it taught us anything, that the
containment worked.

MR. SHEWNMCX: But for scenarios which do not
lead to containment problems until you have done nothing
for 40 days, they ray now change the scenarios, where
before that is what they ended up with.

MR. WILLIAMS: Yocu might say penetration
design is still dependent on the scenario development.
We have not reached the end of the road of what
scenarios will be considered.

MR. SIESS:s That is, you might consider :nme
scenarios so incredible that they do not have to be
designed for.

MR. WILLIAMS: That may be the result in two
years. I think that is why there is --

MR. SIESS: Like a double-ended pipe break.
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MR. WILLIANS: That is right.

MP. SIESS: If we ar- going to continue to
postulate a double-ended pipe btreak, I do not see how we
are not going to postulate radicactivity in the
containment.

MR. WILLIAMS: Oh, [ am sure we wiil continue
to postulate some radicactivity in containment. I think
it is the temperature and pressure that the containment
will see is what is unknown.,

MR. SIESS: Okay. I get vour point. You
think you might be able to decide that the temperature
and pressure level gets so high that you have to worry
much about modes three and four.

MR. WILLIAES: In the sense that we would
require containment venting, a vented filter system.
That is one of the decisions that people are saying that
ve want to make in the next two years. And that is, as
far as I know, that is an agreed upon strategy, at least
at the level of the Office of Research and the Office of
Nuclear Reactor Regulation.

MR. SIESS: I really cannot build up a
scenario, I guess. If I did research on penetrations
and found that there was some penctrations used,
probably el: =trical, that could not withstand 300

degrees Farenheit in combination say with 15 percent
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over design pressure -- they have been tested to 15
percent over design pressure but not at 300 degrees
Farenheit, right?

If I found they could not do that, do you
think there is some way I can not worry about those? I
am on mode two,

MR. WILLIAMS: Let me go on to -- I wanted to
say I had tvo areas to report. The second area is wve
are developing a containment user request, an NRR user
request, and included in that request I think will be a
discussion of our needs in tecrms of research on
containment penetrations and supporting research and
scenario development to determine the environment the
penetrations will see.

MR. SIESS: Well, I am still convinced that
NRR does not know what gquestions to ask yet from the
licensees, and I do not see the research here dealing
with modes one and two, and I still think thev are
probably more important than modes three and four.

MR. WILLIAMS: All I can say is that ve do
reccgnize the problem. One of the reasons for our
participation in this committee's meeting tocday is to
develop background tc develop our user need.

MR. ETHERINGTON: Does the program as outlined

place emphasis on what happens to the containment or
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equally on what the consegquences are?

MR. WILLIAMS: You are speaking of the severe
accident research plan?

MR. ETHERINGTON: Yes. No. This programe.

MR. WILLIAMS: Jim Costello's progranm.

MR. SIESS:s Yes.

MR. ETHERINGTON: Yes.

MR. WILLIAMS: I will have to ask Jim to
ancswer that.

¥R. ETHERINGTON: Okay.

MR. EBERSOLE: May I ask another gquestion?
There was auother elaborate program going on which is
called environmental qualification of safety equipment
inside containment. That would include electrical
penetrations, I believe.

MR. WILLIAMS: It should.

MR. EBERSOLE: I believe that is oriented
tovard defining the qualifications of such equipment at
fixed or identified levels of exposure to temperature
and pressure, and it does not include any establishment
of margins.

Are you interfaced with that program to
understand what conservatisms may or may not be in it?

MR. WILLIAMS: We are working to interface on

that. We recoanize some lack of coordination in that
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area, but we will pursue that in this containment user =--

MR. EBERSOLE: If I recall, it will be 1989.
It will be 1989 before NRC finally verifies that they
have got qualified equipment.

MR. WILLIAMS: I hope it is not.

MR. EBERSOLE: That is what the progranm
calendar is now, way out there, too far in the future.

MR. SIESSs But the present environmental
qualification program is mostly for DBE's, design basis
events, or design basis accidents, but not for severe
accidents.,

MR. EBERSOLEs Rlight.

MR. STESS: Steam line break, double-ended
LOCA.

MR. WILLIAMS: And the reason for this is wve
are not really fixed on what the scenarios should be.
You might even say it looks like we will have to come up
with DBE typos of accident. Maybe that is what we will
ultimately come up with is another step, another
fallback on some form of more severe design basis
accidents.

s you may know, thers is a program under way
at several labs called SASA, severe accident segquence
analysis. I think this is a very healthy program to get

a handle on this. It is not a probabilistic risk
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assessment, but it is an analysis that uses event trees
and allows for operator intervention. I think that wve
have a lot to lcok forward to from these analyses.

MR. SIESS: Any other guestions for Pete?

(No response.)

MR. ZUDANS: I have one for Jinm.

MR. SIESS: Jim, you have one more slide.

¥MR. SHEWHMON: Then do we hear from Sandia?

MR. COSTELLO: Yes, I have one more slide.

MR. SIESS: Zenons has a question for you.

MR. ZUDANS: I just want to make sure that my
understanding is correct, because all of a sudden I
begin to feel comfortable with this program, which wvas
not the case ten minutes ago.

If ve now analyze the situation in terms of
Chet's defined four items, item one, failure to isolate,
certainly is out of the scope of this program. It can
be handled from the basis of whatever experience can be
collected.

The failure of penetrations or isolation
devices due to the environment that might occur in a
severe accident doces not have to be dore in this scale.
Experiments can be done on a small device which is
really not a structural problem, so ther-fore it makes

sense not to have it in this program. So therefore, the
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remaining two items that are being addressed indeed fill
in the gap that is there.

MR. COSTELLO: I guess I feel pleased that you
are assured about what we are doing.

MR. ZUDAKS: I am not assured, no.

MR. COSTELLO: My problem is I am unable from
my perspective to reassure Professor Siess or members of
the subcommittee about progress on modes one or two. I
have the feeling that something is going on, but I do
not know it for a fact. It is beyond my expertise and
competence.

MR. SIESSs One and two are clearly outside
the scope of jour section. I am not sure they are
outside the scope of the containment structure
engineering problem. And it bothers me because I am not
sure that anybody knows whose scope they are in. I
think they are in --

MR. ZUDANS: I want to add one more thing
vhich vas mentioned by someone here alre:dy. Testing of
the penetrations in the environment that is created by a
design basis accident is definitely not the whole
story. Somehow you have to establish what margin they
are or else you have no conclusions to make from these
tests with respect to hovw these devices will behave in a

severe accident environment.
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Is there anything done in that direction to
define the margins, to go as high as they can before
they fail?

MR. COSTELLO: Do you mean in the --

MR. ZUDANS: 1In the penetration areas.

MR. COSTELLO: Pressure/temperature, I have to
say that is beyond my understanding. I do not know.

MR. ZUDANS: If you do not do that, you cannot
do anything with severe accidents at all.

MR. COSTELLO: Again, I cannot speak
authoritatively to that. I understand the concern. I
can say that it is also a concern to Dr. Anderson to
make sure that things do not fall in the crack and that
nothing flops over on his side of the line.

MR. ZUDANS: Okay. Thank you.

¥MR. SIESS: Now, you are going to talk about
what other people are doing, right?

¥R. COSTELLOs Yes. Do you want my
observations on the IDCOR?

MR. SIESS: This slide, you are going to talk
about wvhat other programs are relating to what you are
doing.

MR. COSTELLO: On the next slide I will.

MR. SIESS: Before you start, let me make a

couple of comments. In the draft I saw of the
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long-range research plan I thought that what the
structural engineering group had done in terms of
relating their work to programs being done by others =--
DOE, industry, and other countries -~ was probably nne
of the best jobs in that plan. Congratulations.

Second, when you address this, to the extent
you can indicate whether any of these other penple are
thinking about any of these other modes we talked about.

¥MR. COSTELLO: Okay. I will do that.

MR. SIESS: Or whether you have been
interfacing only on the structural point.

MR. COSTELLO: No. I have done a little Dbit
more than that. Again, I would like to wrap up this
slide, because this is the one I thought had the
substance of today's presentation.

In response to Dave Ward's guestion about the
tvo areas I thought I should ncte that, because I guess
if we perceived only one or the other as the are of
utilization, I think we would have the progranm
configured a little differently.

We are trying to do something which will be
useful for both and not get into the worst elements of a
compromise. As far as the current schedule, hat is
vhat we see. As Pete Williams and others have

suggested, we may want -- it may be wise to speed up the
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schedule, and it may De that the next time we talk to
you there may have been taken a management decision to
do something along those lines.

(Slide.)

And my final summary is of ongoing activities,
some done by myself, some done mainly by Walter Von
Riesemann, and some by us in concert. We have attempted
to get the benefit of the predictions made of
containment capacity for individual containments made
for different utilities and reported as part of the
IDCOR 1ask 10.

My own observation from seeing the
presentations but not yet seeing “he written reports is
that what people are doing is generally what you would
expect as 1 responsible structural engineering attempt
at a first cut; that is, people are, generally speaking,
taking the models they used for containment design,
putting on some sort of bi-linear patch, and attempting
to follov radial displacement versus pressure, and then
generally come to a point where deflections are
beginning to grow according to the model they are using,
and then say ge2, I am more or less without confidence
in the modeling beyond this point. Up to this point I
feel pretty good. Therefore, since you asked me to make

this prediction of what the containment could take
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beyond design basis, something which no one had thought
about doing before, and allow me the whole of six weeks
for it, I think this is as far as I can honestly go.

But I can say that the number I give you is
one in which I feel confident is a lower bound. Then
come certain caveats about penetrations and a different
bunch of people within the ALE firms or utilities from
those who reported the structural calculations are
vaguely quoted as saying not to worry about the
penetrations, except with the single exception of UA
from Oak Ridge.

And the IDCOR program I believe is
progressing. As to whether a second calculational cut
vill be taken as part of the IDCOR effort I just do not
know.

MR. ZUDANS: Conld you spell out IDCOR, what
it means?

MR. COSTELLO: Industry degraded core
rulemaking response or something. It is an activity
sponsored by utilities and a little bit by some of the
major ACLE's. I think the total package is about $10
million to be spent over two years.

MR. ZUDANS: Who is doing the work?

MR. COSTETLO: The principal contractor and

manager is the firm in Knoxville, Tony Buell's firm,
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Technology for Energy Corporation. And there are a
number of subcontractors workins around.

MR. SIESS: They are looking at the whole
degraded core situation.

MR. COSTELLO: That is correct. But one of
the tasks was the so-called Task 10 on containments.

The DOE effort is related, as I have cited
here, is related toc their response to the public law
vhich requires that DOE respond by this summer about
their plans to develop a prugram to enhance the safety
of light-water reactors. It is a funny animal, since
there is a great deal of planning going on but nothing
in the '83 DOE budget to sustain.

The logic is that should something worthwhile
be develcped that Congress will see fit to increment the
funds. No comment. But as part of this study effort,
there is a draft report in circulatisn right now which
tends to look at a wide range of questions, structural
capacity only being one of them. And among items that
vere cited as priority A in that list are guestions
about leak rate, amount of filtration through concrete
and consequence-related gquestions. The DOE approach is
heavily consequence related.

MR. SIESS: Jim, there is an activity which

may be more a source of guestions than of answers, but a
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lot of people now are making analyses of containment
capacity nr containment leakage, the Zion PRA. Other
people are going to be doing PRA's, Indian Point and so
forth. Zion is under peer review.

Are you or Sandia or somebody following all of
these things that are being done to see what kind of
issues they raise, either in the original or in the peer
review?

MR. COSTELLO: The ansver is yes.

MR. SIESS: I thought that the Argonne peer
review of Zion had some very interesting points on the
containment gquestion, leakage. It raised a few oddball
questions that I had not thought of, and I am not sure
all are important; but these are the kinds of things you
are looking at.

MR. COSTELLOs Yes, sir. That is correct.

And finally, the interaction with foreign
progrars, we have three things listed. One is past
history. The first one is the test done at the
University of Alberta on a model of a Gentilly
containment, ani that effort we hope will be of some use
to us in the planning and carrying out of concrete
containment experiments.

MR. SIESS: Who was doing that?

MR. COSTELLO: It is done by MacCGregor,
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Simons, Dave Murray. In fact, they have just about
wrapped it up.

The second one is something current. It is
our understanding that there will be undertaken a test
of a prestressed model similar to a SNUPPS containment,
but from our context similar to a SNUPPS containment,
from the British containment a model of their
containment for their proposed PHR.

This effort is thought perhaps to take place
in the next year or so. We hope to gain the benefit
from that. We have current interaction trying to get
scheduling and coordination.

MR. SIESS: Now, are they thinking leakage?

MR. COSTELLO: I think not.

MR. SIESS: And the Canadian test?

MR. COSTELLOs Leakage. And we still have on
the agenda when we get around to thinking about what
kinds of seismic issues are relevant and of significance
for containments, we will have our eye on some sort of
cooperation with the Japanese on the large sh:ke table.
No agreement has yet been reached, and we are still
hopeful. We still have time.

And I trust I have given you encugh of or
perhaps more than you really wanted of the background

and status u{ where we are. I guess I will next turn
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the proceeiings over to Dr. Walter Von Riesemann from
Sandia Laboratories who is the overall program manager
for Sandia and who will coordinate Sandia‘'s presentation.

I think for purposes of efficiency I might,
since as questions begin to flow they may be better
ansvered by some other percson from Sandia, so I might
just identify them as they sit over here on the Sandia
side of the house.

Dr. Von Riesemann I think you all know. Wayne
Sebrell, also from Sandia, concentrates a lot on the
budget and management end of the program. Dr. Tonm
Blejwvas does a great deal of the analytical work. Next
to him is Dan Horschel, who also works mainly on the
analysis effort. Al Dennis, on the end of the aisle, is
responsible for overall planning of the -- planning and
scheduling of the effort. And Dr. Ron Woodfin, in the
back, is pretty much in charge of the experimental
effort.

So if you would like to start now with Dr. Von
Riesemann.

MR. SIESS: Franz, did you have anything you
vould like to put in at this stage of the game?

MR. SCHAUER: No, I 40 not, sir. I think I
vould say T think the comments that you indicated are

right on. The emphasis seems to be, on this particular
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program, is on structural capacity; and we have wrestled
with the leakage juestion at a very low level of
research effort for many, many years.

I think that we do need to put some time into
at least some limited testing to assure that our
indications on increased pressure do develop the margins
that we are going to get on this test.

¥R. SIESS: Thank you.

I thiuk this has set the stage for the Sandia
presentation. It is pretty clear, I believe, that it is
1irected at modes three and four of the four modes I
listed. We will decide from the discussion how it
relates to three and four, and I think for some of this
other discussion we need to get to the attention of some
other people in Research, and ve will see that they get
the minutes 2nd maybe see that they get a copy of the
transcript. And I suspect that we will have scme
comments on the long-range research plan that may relate
to this to get some focus on this, because it is too
compartmentalized.

Okay, Valt.

(Slide.)

MR. VON RIESEMANN: My name is Walter Von
Riesemanu.

I feel that before I begin the formal
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presentation, Dr. Siess, there have been a lot of
questions raised, and I have a few comments in regard to
some of them.

On one, the corsequence of a leakage will
depend upon the timing, he mode and the location within
the containment structure, i.e., a failure late in the
accident might be less severe than one early in the
accident.

Now, this program does not try to attempt to
determine what time the accident or failure will occur,
but it is of importance. Also, we realize the problem
with isolating the containment. We have unofficial
reports that tests on containments before the
regqualification -- in other words, to see what the leak
rate is -- the leak rate is on the order of 10 percent
of the volume per day in contradiction or correspondence
to th2 .1 percent volume per day which is the standard
for most plants.

MR. EBERSOLE: Would you clarify something for
me? You made a comment, leak later on, the evolution
might be less consequential. There used to be a design
called the bridge containment which deliberately leaked
in the first stages when there wvas virtually no
radioactive fission products present but you could get

rid of the mechanical load. Subsequently, as I recall,

ALDERSON REPORTING COMPANY, INC,
400 VIRGINIA AVE., SW., WASHINGTON, D.C. 20024 (202) 554-2345



10

11

12

13

14

15

16

17

18

19

21

22

24

25

52

the consequence was less because you had less
differential for leakage.

MR. VON RIESEMANN: You are reducing the
hazard, so to speak, there by the pressure. The other
thing, though, is if you do not do that, if there is
plate out of the inventory that occurs, the timing is
important again.

MR. EBERSOLE: There is a front and back end
to this.

MR. VON RIESEMANN: Right. It is very much
scenario dependent and site dependent and containment
dependent. In fact, the GE Mark III, which is a
freestanding steel containment, the GE pecple are
hypothesizing that if failure does occur, it will be
after the material goes through the suppression pool,
and the torispherical dome might fail, and only be a
snall failure and hence not of much consequence.

That is one of the questions that this progranm
can answer. The other thing is in dynamic loading.

MR. SHEWMON: It seems to me you have
postula‘ed a scenario I did not hear.

MR. YON RIESEMANN: Will the torispherical
dome leak only a small bit or will it be a catastrophic
failure? They are hypothesizing a small hole.

MR. WARD: To gc back to your first statement,

ALJOERSON REPORTING COMPANY, INC,
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what you said about typical leak rate, is 10 percent a
day ==~

MR. VON RIESEMANN: I do not want to say
typical. I said it vas unofficially reported on a
containment that some tests were done before
requalification.

MR. WARD: On a containment?

MR. VON RIESEMANN: On a containment design.
There is a lot of discussion on leak rate, obviously,
and since the last meeting in July we have talked to
reople at Battelle-Columbus, for example -- Rich
Denning, Pete Cybulskis, Ian Wall -- just what do you
need to know in doing a probabilistic study.

If you look at WASH-1400, in many cases if the
leak rate was less than 100 percent of the volume per
day, it did not mean any difference on the consequence.
And 100 percent per day is a fairly large hole. Is it
four inch? It is a fairly large size hole anyhovw.

MR. SIESS: You mean under 100 percent per
day, from 1 to 100 you had the same cocnsequences?

MR. VON RIESEMANN: Right.

¥R. SIESS: But you did not know =--

MR. VON RIESEMANN: Did not overpressurize to
cause catastrophic failure.

MR. SIESS: How high did you get the pressure

ALDERSON REPORTING COMPANY, INC,
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on the containment with 100 percent per day leak rate?

MR. VON RIESEMANN: It depends on how fast the
loading is increasing, obviously.

MR. SIESS: There are lots of scenarios. Did
anybody look at them? Zero, 50 percent =-- you cannot
build up the pressure any faster than that to take it
all the wvay to capacity. In other words, it leaks
faster than the pressure can build up.

MR. VON RIESEMANN: I am jumping way ahead,
but this June -- and Wayne Sebrell will talk about this
-- we are putting on a wvorkshop in Washington on
containment integrity. One of the topics in fact is
locking at leak rate, the entire gquestion, measurement
of it and what is important.

MR. SIESS: I am looking forward to it.

MR. VON RIESEMANN: Sc I might add that -- you
asked the gquestion -- the Canadian tests were
essentially structural tests. They are on line. They
have, what is it, neoprine mylar inside. They had a lot
of trouble, in fact, doing the experiment containing
pressure. They were hyArostatic. They had no
penetrations. And the leak rate determinations were
done separately on specimens of concrete.

The U.K. test, the proposed test, is also

structural, andi I am not sure whether they are going to
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include penetration or not It is too early to tell.

MR. SIESSs Pneumatic or hydraulic?

MR. VON RIESEMANN: They will be hydraulic
also.

MR. SIESSs I do not think you can get a

catastrophic failure of a containment with that load.

MR. VON RIESEMANN: They got a section out of
the Canadian containment but not catastrophic in the
sense that -- yes, that is one of the problems we are
facing in our program using pneumatic pressurization for
safety concerns. And you will see why we are going out
to where we are going this afterncon.

The other thing was on electrical
penetrations. There is contradictory informatiocn on
that., I think Yankee Rowe did an analysis -- and Wayne
will talk about that later =-- that their penetrations
vere all right for certain conditions. But I have also
talked to Bill Farmer in the 2lectrical engineering
branch of Research, and we at Sandia have the
qualification testing evaluation program of the
components, and they are going to do some testing on
electrical penetrations, at least some preliminary
testing under pressure, as this question always does
come about.

MR. SHEWMON: Pressure and temperature?

ALDERSON REPORTING COMPANY, INC,
400 VIRGINIA AVE., S W., WASHINGTON, D.C. 20024 (202) 554-2345



10

11

12

13

14

16

17

18

19

20

21

22

24

25

MR. VON RIESEMANN: Pressure and moderate
temperature.

MR. SIESS: The Browns Ferry failure was
attributed entirely to temperature.

MR. VON PIESEMANN: One of the problems we are
having is one cf the test apparatus is set up for a LOCA
condition, and so .he temperature is up to 340,
somevhere in that Farenheit, and maybe not high enough.

The other problem pecple should also address
is aging effects on these materials.

Finally, the gquestion of penetrations,
originally ve looked at a parallel effort in the program
vhere we would do, if you will, "structural activities"
and doing separate effects tests on penetrations, but to
do budget restrictions they were delayed. And so we do
not have that in our program.

With that I would like to begin the
presentation.

(Slide.)

What I would like to cover this morning is a
brief overview by myself of the program; then the
program planning activity from a management viewpoint of
looking at resources and time by Al Dennis; and then the
gquestion was raised last time, gee, why don't we use

some existing facilities -- Al Dennis will address that
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~- and also the fabrication and design of containment
models. Then Tom Blejwas and Dan Horschel will tzlk
about the analyses that have been done, and Ron Woodfin
vill talk about the experimental program. And lastly,
Wayne Sebrell will talk about the program schedule and
related activities, including some of the I"COR
activities, the foreign activities, and the workshop.

And I wvas very optimistic and had lunch at
11330. I think we can ignore that point right now.

Next vu-graph, please.

(Slide.)

I think ve really covered this to a large
extent alrsady, but why are we interested at all in
containment strength; and we have already discussed the
teason it is needed in risk studies. If you look at the
filtered vented containment system for accident
mitigation, you need to know the containment strength in
order to d2sign that event. You also need to know the
strength in fact if that equipment is necessary.

One of the problems with the filtered ventr
containment is of course dynamic loading: will it be
able to vent quickly encugh. And as wvas previousiy
mentioned, the knowledge is also important for the
severe accident mitigation strategies, what should be

done next in the accident, what is the strength of the
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containment, and then finally for planning emergency
preparedness.

MR. SIESS: Walt, I think we mentioned at the
July meeting last year that some of the designs that
some of the people are talking about, filtered vented
containment, all they felt they needed to know was
essentially a fairly reliable lower bound of containment
capacity; that they were not about to design their
vents, you know, for the load that would rupture the
containment. They Jjust wanted to vent before there wvas
any chance that the containment would go. And
establishing a reasonably reliable lowver bound is a lot
simpler than trying to find out when and how it actually
fails. They are almost tvo separate problems.

MR. VON RIESEMANN: But for the risk studies
you want to know your distribution of failure.

MR. SIESSs: But the distribution of that lower
bound would be pretty narrow.

HR. VON RIESEMANN: For the design of the
events, yes.

MR. SIESS: The distribution of the 100
percent a day leak rate or 1000 percent a day leak rate,
that is going to scatter anyway. They are two different
gquestions. There are going to pde two different ways of

getting answvers for them.
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MR. VON RIESEMANN: One you are coming from
one direction, one from the other almost.

MR. SIESS: That is right. Now, if you are
not doing anything about it and the pressure is sitting
there increasing and you want to know what to do about
people, then you really are going to be looking at your
uncertainty bounds, not at the level,

BR. VON RIESEMANN: Right, ves.

MR. STESS: And I am not so sure that the
bottom end of that is not going to be about the same
place no matter how you come out, the actual level.

(Slide.)

MR. VON RIESEMANN: Again, this is a
restatement of the program objectives. We are looking
at only light-wvater reactor containments. We are
looking under severe accident conditions and severe
environments, and I will describe those in a minute.

We are also going to assess selected
predictive numerical methods, and Tom Blejwas will
discuss that in quite a bit of detail.

(Slide.)

The containments we are going to look at and
the loadings are picturized on this vu-graph. We are
obviously going to look at static pressure. We are not

too concerned where that really comes from. That is not
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thie big problem here.

The way to simulate that, ve can either use
hydrostatic or pneumatic loading. In the early tests we
are going to use pneumatic lcading.

Dynamic pressure, that comes abnut largely
from ¢ » hydrogen concerns. Whether in fact there will
be hydrcgen detonations is a question yet to be
ansvered. They wvould cause spatially varying loads and
loads that are unsymmetric, and unfortunately, most
likely an infinite number of varieties where you would
have to rely heavily then on analysis capability.

Also, in the case of dynamic pressure some of
your isclation valves might not even isolate within that
time span, and you might get the loading right on the
structure, so you might even have a failure potentially
before the isolation valve, even if it was open.

Lateral loadings, we are thinking primarily
here of earthquakes. On the right hand side we have
shovn the containment types. What is missing is a BWR-I
and BWR type II containments within the context of this
program. There is just too many out there.

Of the steel we are lcocoking at primarily what
we call a freestanding, some people call a hybrid, and
then obviously reinforced concrete and a prestressed

concrete.
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(Slide.)

The approach that is being used is a combined

MR. SIESS: The prestressed --
MR. VON RIESEMANN: We get into a semantics

problem here.

MR. SIESS: Some of the hybrid has a steel
bottom,

MR. VON RIESEMANN: The pure steel, if you
will, wve are not lonking at, or ve might look at for

another reason. There are a lot of questions, too, by
the vay, about the base mat, the strength of that., In
fact, the more ve present this program to the various
groups, the more questions that seem to be raised on
uncertainties within the desijn.

We are using a combined approach here where ve
do scale model experiments and also, of course,
analysis. The analyses are used both before the
experiments, and then the results are used to benchmark
the codes. And the end product ve see is this actual
data base that can be used either for our numerical
efforts or someone else's., We will have analytical
methods that we have assessed. And then finally we hope
to have a reliable method for assessing the capabilities

of these containments.
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(Slide.)

MR. SIESS: Let me get one point clear. Your
experiments, vour model tests are intended to be used
with the analyses, to validate the analyses, right?

MR. VON RIESEMANN: Yes.

MR. SIESS: You will analyze the model itself?

MR. VON RIESEMANN: Originally we were looking

MR. SIESS: I just wanted to be sure.

MR. VON RIESEMANN: Let me ~-- that will be
ansvered perhaps in three vu-graphs, but also ve vere
originally looking at replica modeling, but that is too
expensive, so ve are going to prototypical models, and
ve are going to, in essence, use the results to evaluate
the codes.

A background study was performed, and I wvent
into great detail on this last time. I will just go
over it very briefly this time.

We looked at the types of containments that
are out there, and ve wvere amazed at the different
varieties even at a given site. 1Indian Peoint 2 and 3
are differant. The stiffeninyg is different. The
penetrations are different. There is no such thing as a
given type containment.

We also loocked at the requirements in the
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ASME/ACI cod?2, and obviously they are for design and not
for calculating failure, but there ar= some differences
betwveen the two also.

We looked act the previous tests, and very few
have done. Ones that I mentioned in Canada. There has
been one in Poland and a few in Japan, but none on the
steel containments that we could find.

MR. SIESS: What about t2xts on steel vessels
rather than nuclear pover plants?

MR. VON RIESEMANN: Yes. There have been
gquite a few to failure, but in some of those the ratic
of the radius of thickness was quite different, and the
materia's are different. But ve have looked at some.

MR. SIESS: These are more like tanks.

MR. VON RIESEMANN: Real pressure vessels, if
you will, than the containment buildings. We have a
radius of thickness on the order of 500, which is a
fairly thin structure. If you are thinking something
150 feet in uiameter, minimum plate thickness one-half
inch, that is fairly thin.

MR. ZUDANS: Are these aerospace vessels much
thinner than containment?

MR. VON RIESEMANN: They are --

MR. ZUDANS: They are also tested?

MR. VON RIESEMANN: They have some there, yves.
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MR. ZUDANS: But you have not looked at them?

MR. VON RIESEMANN: But they do not use
normally these materials that ve ar< using in
containment.

MR. BLEJWAS: These structures are guite often
different.

MR. VON RIESEMANN: I think the basic
structure is often different, too, the constructior.

MR. ZUDANS: Yes.

MR. VPN RIESENANN: We also looked at what is
required to do scale modeling, particularly in the
problems with doing dynamic testing because the
earthquake that can -- well, you have to vorry about
wvhat earthquake are you going to model and what
tecanigque io you have to put on the locad, and that
implies then the lcad simulation; static test, again not
much problam; dynamic, ve might even have to use
hydrogen gas or HE. We are not sure which technique we
will use.

MR. SIESS: If you are using the test simply
to validate an analysis, it does not have to be an exact
simulation.

MR. VON RIESEMANN: No, as long as your time
history is not so different that you are introducing a

new behavior in your model. You do not have the need of
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a one-to-one correspondeace at all, iikewise obviously

an earthquake analysis.

MR. SIESS: In order to get the same mode of
failure.

MR. VON RIESEMANN: Right.

With that background study ve also used the
input from the advisory group, and with that ve came up

with a program plan. At the end of the meeting today
you will get a preliminary copy of that.

We went through, as you can imagine, several
iterations on that one.

Dre Shewmon.

MR. SHEWMON: On the selsmic, the seismic is
the superimposition of some static in the seismic load,
and you end up with some sort of a space or where =--

MR. VON RIESEMANN: On the seismic loading the
Japanese, for example, are just putting on a time
history onto the containment without any internal
pressurization loads in one test. In another test they
are going to put on internal pressurization loads and
the earthquake, and they will measure leak rate before
and after the test, obviously not during the test.

Did I answver your question?

MR. SHEWMON: Yes. That is something else

that this group g2ts into often.
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MR. VON RIESEMANN: The combination of loads,
LOCA plus SSE?

MR, SHEWMON: We have a new one, a pressure
vessel a week after a LOCL which undergoes an
earthquake. I wondered if that is where you are going?

MR. VON RIESEMANN: That is one of the places
vhere ve can go. We are not going to do that in our
program recause it gets too complicated.

MR. SHEWMON: Good.

MR. VON RIESEMANN: You know, if you do one
thing, you can later on do that final analysis.

The advisory group, the next one I think nas
already been shown to you. I will not go over that
again.

(Slide.)

MR. SIESS: What is Tom Ahl‘'s background?

MR. VON RIESEMANN: He is in charge of the
nuclear graup there doing the analysis or design for
containments. I also have Rich Denning on the chart.
As you might know, Rich and Pete worked very closely at
Battelle-Columbus.

The evolution of the current program plan, we
had a first version which of course was preceded by many
preliminary versions.

(Slide.)
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And then there should be many dots in between,
and we finally have a version now, and Ze had to change
some of the activities because of time restraints and
budget limitations. Ye were first considering using
replica models to check the scaling among other things.
Also, we wvwere going to conduct parallel activities, but
in the final version that we have now we are going to
look at protypical models, and this will be discussed in
detail later. And we are delaying to some extent the
dynamic and seismic activities, and wve are also noping
heavily to count on work that is being done in other
countries, to interact with them, and of course interact
with the DOE if they have a program, and IDCOR.

MR. SIESS: What did you mean by replica
models?

MR. VON RIESEMANN: Where you use your laws of
scaling, if you will, okay.

MR. SIESSs All right.

MR. VON RIESEMANN: And they become, as you
know, expensive.

MR. SIESS: Prototypical means it looks like
it but you just analyze what you have.

MR. VON RIESEMANN: You can take certain, if
you will, liberties. It looks very similar, okay, but

maybe the thickness has changed. For example, it is not

ALDERSON REPORTING COMPANY, INC,
400 VIRGINIA AVE., S W., WASHINGTON, D.C. 20024 (202) 554-2345

67



10

1"

12

13

18

19

20

22

23

24

25

68

pure scaling on thickness for ease in fabrication.

MR. PICKEL: In the large diameter thickness
ratio category, localized fabrication construction
problems may play a fairly major role. Yave those been
considered in your modeling and program planning?

MR. VON RIESEMANN: Okay. Ip the
consideration, if you will, of buckling where initial
imperfections would say play a strong role, we are
dealing primarily with internal pressurization which
will not have that large an effect -- initial
imperfections will not have that large an effect on it.

We are looking at bduilding -- and this will be
discussed later -- a tenth scale, for example, steel
model, picking a tenth scale to pick up actual
construction practices. So we are considering it, and
the advisory group strongly recommended that we consider
this.

MR. ZUDANS: The other models are what scale?

MR. VON RIESEMANN: Thirty-second.

MR. ZUDANS:s This wurks out to be a fabricated
shell or machined?

MR. VON RIESEMANN: Machined. Rclled and
velded, not hollowed out, if you will, from a piece of
material. The overall program plan is to look at the

loadings, and this sequence again, the static, dynamic
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and earthquake; and we have switched the containments on
the earthquake loading simply because ve feel there is
more that has to be krown on the reinforced concrete
than the hybrid steel, more guestions.

We picked the hybrid steel because of their
low pressure, lower requirements on design on some of
them. The ice condensers in some of the Mark IIIs are
design pressures of the order of 10 to 15 psi gauge
vhere the large dry, the prestressed concrete is on the
order of 60 psi gauge.

It is obviously not clear until the hydrogen
program really settles down whether in fact there would
be detonation loads from hydrogen.

(Slide.)

But even if there 1s not, there might be scne
gquasi-dynamic loads that might be asymmetric that we
might have to consider.

MR. ETHERINGTON: I missed the significance of
hybrid.

MR. VON RIESEMANN: Excuse me. This again is
a steel containment on top with a concrete base mat.
The ice condenser is typical of this.

MR. SIESS: Jim Costello in his srchedule used
category static pressure, unsymmetric pressure and

seismic effects. Is your dynamic the same as
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unsymmetric?

MR. VON RIESEMANNs Dynamic is the same as
unsymmetric because a lot of the dynamic loading will 1in
fact be unsymmetric. It will be almost, you know,
impossible to get a hydrogen detonation that produces a
nice symmetric load.

MR. SIESS: That is scheduled under his
schedule for FY 85-87. Just a suggestion. I think we
could almost defer much discussion on anything but
static at this meeting.

MR. VON RIESEMANN: That is what ve are
planning on doing. That is where the emphasis on the
proaram has in fact been, except, Professor Siess, some
of the planning to look ahead. You know, if we want to
decide to do seismic tomorrow, you just do not do it
that gquickly. We are trying to see what the Japanese
are doing, for example.

MR. ZUDANS: One question, Walter, on this
dynamic internal overpressurization which wvould result
in nonsymmetrical loading. Do you plan to collect the
data on precise surface pressure history over the entire
structure so that you can certainly relate the analysis,
the results of your tests?

MR. VON RIESEMANN: You have to know what

loading you had on the structure. Otherwise it is just
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a go/no go test. So we do plan on doing that.

MR. SIESS: That is why I want to limit it to
static, because I think we could devote two days to the
dynamic unsymmetrical and seismic.

MR. VON RIESEMANN: Yes. But, Professor
Siess, that is where it is interesting.

MR. ZUDANS: That is where it is interesting,
because as far as I am conce.ned, static testing is not
interesting.

MR. EBERSOLE: Are the seismic loads assumed
to coincide with classical LOCA loads?

MR. VON RIESEMANN: No. As far as I know at
this point wve are going to decouple that.

MR. EBERSOLE: Decouple it.

MR. YON RIESEMANN: Again, it depends on
funds, complexity and where at that point in time ve re
going. There is also some studies -- perhaps the NRC
people can answver this, if they are the right group here
== but studies being done by Lawrence Livermore Labs on
load combinations and potentially the fact that they may
be decoupled.

ER. SIESS: Gentlemen, I am going to ask you
to limit this discussion to the static internal
overpressurization which is the next three years of this

program at this meeting, and I think we will have plenty
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to talk about on that. You will have another meeting to

talk about the other two phases of it if and when we get

to them.

(Slide.)

MR. VON RIESEMANN: Now, if we look =-- this
«111 be discussed again later, but the timing scale for

the program. And this is for only static loadings,
looking only at the steel models. Again, I use the term
steel and hybrid steel and freestanding interchangeably.

Looking at 1/32 steel scale models, 1/10, and
then also looking at reinforced concrete. I guess I
have to take back a word I just sai’. There is some
dynamic pressure loading work, lateral loading. It is
just the feasibility of doing it ani what should be done
but not building models, because there might be a long
lead time necessary for those items.

(Slide.)

Now, the steel models that we are looking at,
these are 1/32 size. They do not model any particular
containment. We are coing to be doing two tests, and
jou will see at least the beginnings of the fabrication
of these models this afternoon. We have a hemispherical
dome, cylindrical shell, and then wve add the horizontal
stiffeners, and then we add the penetrations and

stiffeners to that.
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MR. SIESS: What is the streak down the left
side?

MR. VON RIESEMANN: That is the artist's
rendering of showing it is a cylinder. Hopefully it is

not imperfection.

MR. SIESS: I thought maybe that was after the
test.

MR. VON RIESEMANN: After the test there will
be pieces all over the canyon.

WNe had a lot of discussion with the advisory
group on what type of head should we put on, and either
we go hemispherical or the torispherical ellipsocidal --
they use both -- and the questions then come about, you
know, the cost again.

MR. SIESS: All the steel ones do not have the
hemispherical one on top?

MR. VON RIESEMANN: No, no. Life is not very
simple at all.

MR. SIESS: 1If you can analyze one, you can
analyze the other.

¥R. VON RIESEMANN: I guess wvhat Professor
Zudans is getting at is the problem with the
torispherical is the buckling in the knuckle. Under
some loadings they might buckle, well, at a given load,

and the behavior beyond that buckling load is not known.
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Now, buckling to me is not necessarily
failure, and people have done experiments, and the ASME
have been surprised at the buckling requirements.

MR. SIESS: But you do not have any
penetrations up in the head, or not very many, do you?

MR. VON RIESEMANN: There are penetrations,
but we are not putting any in there. To my knowledge
not too manye.

MR. ZUDANS: How about the three-foot hole?

MR. VON RIESEMANN: That is scmething newv.
There are some 500 penetrations in the shell of all
different types.

(Slide.)

The program status as of now, I mentiocned the
1/32 size steel molds are being fabricated. VYou will
see where we are doing the experiments this afternoon.
The anaiyses are well under way =-- you will hear about
that in a fewv moments -- and we hope to begin testing
the steel models in the third guarter of this calendar
year.

(Slide.)

And, in summary, what we hope to accomplish
with this pregram is using the experiments and analysis
to come up with a reliable capability for predicting the

capacity of light-water reactor containments.
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Dr. Shewmon.

MR. SHEWMON: You are going to fabricate a
1/32 scale, 360 or whatever you want to do for 3-D
models, is that right?

MR. VON RIESEMANN: Yes, sir.

MR. SHEWMON: What was the argument for doing
that instead of a one-fourth scale, 60 degree segment or
something which would go with something that had
penetrations and wvelds, and where I would guess or I
think from what I have heard most people would guess the
failures you might encompass.

MR. VON RIESEMANN: One of the problems is the
boundary conditions, and Dr. Blejwas later on will show
some of the analyses done on that. Unfortunately, the
large effect that we have, it seems, around the
circumference on a penetration we also felt that getting
those boundary conditions on it can be done. It would
be just as expensive as building the full model.

MR. SHEWMON: When you say boundary conditions
are you ta.king about the computer analysis or actually
building?

MR. VON RIESEMANN: Building. Building, sir.
In that case it is easier to do it in a computer than it
is to do it. Sometimes the reverse is true

MR. SHEWMON: Yes.
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MR. SIESSs Go ahead. I have a general
question I suspect that may come up later, but it is
philosophical., It is my understanding that you are
going to test replica models of these 1/32 scale steel
vessels, is that right?

MR. VON RIESEMANN: Well, let's call thenm

prototypical.

MR. SIESS: I mean you are going to test two.

MR. VON RIESEMANN: Yes. Two. Two without --

MR. SIESS: You are going to tes. a pair of
each.

MR. VON RIESEMANN: A pair of each.

MR. SIESS: Why?

MR. VON RIESENMANN: Well, would you feel
confident that one test would give you the result?

MR. SIESS: Absolutely. I have an analysis I
instrumented taking advantage of symmetry so that no bad
reading cannot be checked against another reading in.
analysis. What do you do if you get different ansvers
on the two? Then you have to go t» a third. That is
tvo out of three logic.

I have never heard good arguments for
duplicate specimens on any basis. If you do not have an
analysis you expect to test the specinen and scale it up

to a prototype. Two is not enough. It may be if they
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are the same, but I have never seen an instance wvhere I
had an analysis and was trying to validate it that I
could not do it with a single test with encugh
instrumentation taking advantage of symmetry. And you
have symmetry. You have radial symmetry on the first
two models. On the third one you can at least get
symmetry about a a‘ameter if you wvanted .o. BAnd if
something really terrible went wrong, poor fabrication
or something of that sort, then you could alwvays test
another one.

MR. VON RIESEMANN: We have the option of not
performing two tests if we see dovnstream things are
going very well.

MR. SIESS: If you start out with the idea of
tvo and you do one kind of instrumentation, if you are
planning to use only one you would take more advantage
of symmetry; that is, you essentially make two specimens
in terms of instrumentation, not three or four.

What has your experience been in this, or
other people’'s?

MR. VON RIESEMANN: On taking more tharn one
model?

MR. SIESS: Yes.

"R« VON RIESEMANN: We normally -- wvell, for

example, let me think abcut the testing we did on
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turbine missiles impacting the concrete panels of a
containment building. We did a test with a given
missile at a given velocity, and then we took another
panel and ve changed the velocity.

MR. SIESS: That is not the identical test.

MR. VON RIESEMANN: I know. We did make those
changes, but thes2 were backed up by scale model teting
at SRI to show that things were all right, plus the fact
that the loading conditions were not much different from
one test to the next. You could perceive there were
large differences.

MR. SIESS: I started with the first specimen,
a simple shell, a hemispherical dome. An analysis on
that, you know, does not have any great big open
questions in it that I have to validate experimentally.

MR. VON RIESEMANN: It does, sir, if you go
way beyond --

MR. ZUDANS: The biggest problem, from vhat is
published in the literature, arises from lack of precise
knowledge of boundary conditions in these large
deformation tests. Therefore, you do not know how to
set up the computer run. In your case you will pay
extreme attention tO precisely defining and in fact
precisely measuring your boundary conditions. So

therefore, your analytical model, except for material
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property prediction, should give very good results. If
it does not, then it is more of a failure of technigues
used for analysis.

I tend to agree wit: Chet that really unless
you have fabrication defects, you find in the process of
testing you do not need a second model.

MR. SIESS: Then you are almost approaching
statistical -- two is not very many.

MR. ZUDANS: There 1s no statistical basis for
this at all, not with two pieces.

MR. SIESS: You see, it is a deterministic
type of test, a deterministic type of analysis. And
once I go beyond one specimen I do not know where to
ctop.

MR. ZUDANS: Well --

MR. STESS: I have been through this years ago
in other fields and decided that one properly
instrumented ic ovatter than two.

MR. VON RIESEMANN: Than two properly
instrumented?

MR. SIESS: I cannot see any gain beyond the
one. And we never had an indication where ve needed
another one. I was just wondering if you had some
experience where with a single test there were so many

gquestions that came up that you had ¢o go out and make
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another one, and if so, how much time do you save by
fabricating that one rather than planning in advance?

MR. ZUDANS: I would see a need for more than
one in cases where you have great asymmetries and where
your attempt is to produce ultimate capacity in terms of
some specific mode .. failure. For example, you
reinforce your penetrations in one prototypical model,
and you run the test and it did not fail around the
penetration but failed in the main shell. So you have
no information with respect to capability of that
penetration because vou cannot rerun that test.

Now, I can see that you would want to make
another model with different sizing of the penetrations
and find out that mode of failure to have some
information on that, but not for two identical models.

MR. VON RIESEMANN: But the literature is full
of experimental results, for example, on pressure
vessels with holes in them where the results are gquite
different from one test to the next on identical,
supposedly identical --

MR. SIESS: Now, if that is true, then I
cannot stop with two.

Mh. VON RIESEMANN: Unless suppose the two
agree?

MR. SIESS: That does not prove 3 thinge.
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MR. VON RIESEMANN: Where do you stop then?

MR. SIESS: That is my problenm.

MR. VON RIESEMANN: Dnn't you have --

MR. SIESS: If it is random variations, if
they are really there, you have to have a lot of
specimens.

MR. ZUDANS:s I do not know that ==

MR. SIESS: Two identical specimens that give
identical answers would suggest that they are not random
variations, but not with a very high confidence level
depending on the probability. You see, it is alwvays
possible to make a second test, but as Zenons was
talking about, I can visualize dividing the thing up
into guarters and putting two penetrations in of one
strength and two penetrations of another. That gives nme
some redundancy right there.

The other procedure would be to just divide it
in half, put strong penetrations on one side and veak on
the other, but that would not give you any checking, you
see. But with radial symmetry you can do a lot of
things, and you can always go to another specimen. But
the idea of starting out with pairs -~

MR. WOODFIN: You asked whether we had some
bad experience. My name is Ron Woodfin, Sandia. I can

tell you the turbine missile concrete impact experiments
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for EPRI, and under EPRI's direction we had only four
tests, each of which was considerably different. And
the bottom line is we got no answers at all out of that
because it raised more gquestions than it answered
because they tested at the wrong conditions.

MR. SIESS: But four is not enough.

MR. WOODFIN: Okay. These are four separate
experiments trying to look at four different sorts of
things. Each one raised enough questions that ve only
have hints that we knov any more about the program, the
process than we d4id at the beginning.

MR. SIESS: You see, that is a very good
argument for testing more than one specimen but not for
testing companion specimens on a straight schedule.
That is an argument for testing one.

Now, if you get some interesting answvers and
you have things you cannot explain, you think about now
vhat can I do about it on the next one to answer that.

MR. WOODFIN: The problem that came about =--
at any case, that is true, what you are saying, but in
this particular case ve had originally suggested three
of each one so that we would have a very minimal
statistical base. In this case that was cut back
strictly through economic considerations. However, we

do believe that it is necessary to show that you can
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repeat and do the same thing twice. And I guess I
basically do not agree with your assessment that one is
enough.

MR. SIESS: What is necessary is to show that
you analysis will reasonably predict what happens, and
if it does it on one I have a certain level of
confidence for something as simple, say, as that first
shell -~

MR. SHEWMON: Before Ron leaves I would be
interested in those tests, whether there was a variation
in the orientation of the projectile that was doing
this, or was the projectile spinning? Did you just have
it on a slab? Did you hit it? All of them were on the
same --

¥R. WOODFIN: We did two orientations, and by
a cursory examination of the data it appeared that the
piercing orientation caused more severe back face
damage. However, in a closer loock at the data it seenms
to indicate that maybe the reverse is true, that the
actual back face kinematics were more severe in the .ase
of the blunt orientation.

This is something that we now only have a hint
at, because we do not know if there is a random process
her. or not sir~e we only did one. If we would even

just repeat t ¢cWwo experiments that we did exactly as
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ve had done them before then we would have an idea as to
how much was deterministic and howvw much was random, and
ve do not know that now. And I am submitting that we
can get the same in this program if we only did one.

MR. SHEWMON: You did concrete, is that right?

MR. WOODFIN: That is correct.

MR. SHEWMON: Everyone knows you should build
out of steel anywvay.

(Laughter,)

MR. SIESS: Walt, assuming you have six
specimens, A-1 and A-2, B-1 and 2, and C-1 and 2, what
is your order of testing?

MR. VON RIESEMANN: Doing the clean vessel
first without anything on it.

MR. SIESS: Both clean vessels.

MR. VON RIESEMANN: Right.

MR. SIESS: Again, I would -- I am thinking
about time and money, and I do not think we have all
that much time, although maybe we do, on this structural
integrity failure. Penaotrations become the big deal,
and I am not gquite sure how much money we are going to
have over the next four or five years the way things are
going. And I wvould be inclined to say I would test A-1
andi B-1 and C-1 and then I would decide whether I wanted

four more Cs or wanted to go over and do that second
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clean one. That is just a suggestion worth thinking
ahout.

Going to two I can see some logic, but I
cannot see the logic of stopping at two.

MR. WARD: May I ask a question, Walt? Do you
expect your model to be very directly predictive of the
failures? I got the impression from something you said
earlier that you are really expecting to normalize the
model.

¥R. VON RIESEMANN: I guess I am missing what
you mean by "model.” The computer model?

MR. WARD: The computer model. Do you exgect
your analytical model to be very directly predictive of
failure of your experimental model?

MR. VON RIESEMANN: I will let Blejwas answver
that later, but I think on the steel, yes, we do feel
that. Reinforced concrete, prestressed we would have
less confidence at this point in time.

Dr. Zudans had a --

MR. ZUDANS: I just wanted to bring back this
gquestion of single vessel testing. If you do the first
clean model, which is really rolled and welded so it is
fabricated, I assume the hemispherical head is a pretty
accurate piece.

MR. VON RIESEMANN: Yes.
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MR, ZUDANS: An<d then you would tune up your
analytical model to this first test within linear range
vhich you can repeat hundreds of times until you reach
the point that the analysis agrees exactly wvith your
test. You know, vyou have adjusted your materials
properties properly, and then when you do go with a test
beyond the linear range it is impossible to produce two
identical models. They will behave differently. The
local strain distributions will not be the same. They
will very eover so little. But it affects the range
dramatically. So when you finlﬁh testing the two clean
shells I am wondering whether ygu will be able to make
any more judgment than you do on one. I am wondering.
I think Chet's recommendation is an interesting one.

MR. SIESS: It is not a recommendation. It is
a question.

MR. ZUDANS: Well, that is all right.

MR. SIESS: Have you finished your part?

MR. VON RIESEMANN: Yes.

MR. SIESS: I want to take a short break.

Oh, Harold has a gquestion.

MR. ETHERINGTON: For failure of the same
pressure is there any feature of the containment that
would not be modeled linearly?

MRe. VON RIESEMANN: T am afraid I do not
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follow you.

MR. ETHERINGTON: The thickness is 1/32. That
is fine. The reinforcing ring spacing is also linear.
Is that true all over?

MR. VON RIESEMANN: No. We do not have a
perfect replica model, sir, of the hole size. For one
thing, vwe did not try to model a given containment.

MR. ETHERINGTON: No. I know that. But is
there any region where it would not be linear?

MR. VON RIESEMANN: Only where fabrication
difficulties come about.

MF. ETHERINGTON: Yes. I was talking about
from a stress point of viewv.

MR. VON RIESEMANN: We are trying to keep from
a stress viewpoint the scaling -~

MR. ETHERINGTON: From the stress point of
view it should be scale in every respect, is that right?

MR. VON RIESEMANN: That is right. 1In the
static dynamic those are the problems.

MR. ETHERINGTON: Yes, I understand.

MR. VON RIESEMANN: I would like to ask one
question before we take a break.

Due to lack of time, if it is all r’'ght with
you, we might skip the survey of existing facilities if

the membership agrees that it is not appropriate to try
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to test an existing containment.

MR. SIESS: I think that is worthwhile. What
I vas going to ask you =--

“R. SHEWMON: You mean worthwhile to skipe.

MR. SIESS: Yes. You have allowed three hours
from the time we leave here until the time we get back
for the tour. Would there be any problem if we ran over
this morning some and maybe went until 1300, if
necessary, for the meeting ani then started the tour at
2:00 and got back here at 5:00? Would this present you
with any problems?

MR. VON RIESEKANN: There is no problenm.

MR. SIESS: In that case I think we will try
to just go straight through this morning and get
everything in we can and go to lunch and then go out
there.

MR. VON RIESEMANN: Okay.

¥R. SIESSs Okaye.  The c-ommittee will be

working until 5300 today for which they should feel

fortunate. Is anybody leaving early on a plane?

(No response.)

I knov a lot of them are staying over for a
meeting tomorrow. Okay.

MR. VON RIESEMANN: There is also a question

about cameras, binoculars, tape recorders, et ceterae.
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They will not be alloved on the trip.

MR, SIESS: Cannot take a camera?

MR. VON RIESEMANN: No, sir.

MR. SIESS: Hardly vorth going. Last time ve
vent out there, to save all the clearance hullabaloo ve
Just had a guard go wvith us.

MR. VON RIESEMANN: You all have clearances
novw, I believe.

MR. SIESS: We decided ve wvould just go as
visitors. They sent a guard along, and it vorked out
fine.

Okay. We will take about ten minutes.

(Recess.)

MR. SIESSs You may proceed.

MR. DENNIS: Good morning. I am Al Dennis of
Sandia laboratories.

(Slide.)

And the first topic I am going to discuss with
you is our program planning. On this the planning is
limited to the small scale model tests under static
pressure,

(Slide.)

Sandia uses a program called PPARS for progranm
planning. This was developed by NASA, and it allows

input from all people.
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(Slide.)

It allows input from all the participants in
the program on how long 1t will take them in calendar
time and in vhat resources *they will require as far as
money, man~hours and facilities to accomplish their
tasks.,

We combine all this information, and the
planning output gives us a calendar scheduling of each
event. It identifies our critical paths so that ve can
take appropriate action to make sure that the proper
materials are on hand at the right point in time and get
schedules; and it gives us a cumulative cummary of
resources versus time,

(Slide.)

So we can check our financial needs on the
program ani also our manpover needs on the progranm.

(Slide.)

Some examples of wvhere ve have used this,
With small scale models ve have used it to develop a
netvork for the shops, and I have included that at the
end of your handout there. It is a three-page network
that shows all of the wvork that our shops will be doing
in the fabrication of the six small scale models. A
similar task has been done for the theovetical analysis

s0 that we can coordinate analysis with the other
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vorking programs; ve can feed in material properties to
the analysis people at the proper points in time. We
have wvorked it in with the experimental portion of the
program to make available models for the experimental
people at the times they need them and to coordinate
their needs. And then ve prepared an overview network
wvhich locks at the total small scale model testing and
lays out times and costs on that. It is a basic
a~tivity, but it does put everything in their proper
place and allows good scheduling and good budgeting on
the progranm,

Are there any questions on this particular
phase of it?

(No response.)

Then ve can pass on to the containment models.

(Slide.)

The next topic on Walt's schedule vas our
survey of existing facilities, and T will have the
handouts on this given to you; but wve till nor go into
that topic now to save time,

MR. SIESS: I Jjust glanced through the
handout, and T think it would be quite informative for
us to read it, but I agree that we can save the time. I
just leave the thought with you, I had a professor once,

talking about making tests on full scale structures, he

ALDERSON REPORTING COMPANY, INC,
400 VIRGINIA AVE., S W, WASHINGTON, D.C. 20024 (202) 554-2345



10

1"

12

13

14

15

16

17

18

19

21

8

24

25

saild tests on actual structures never ansver questions;
they just ask them. I think we have asked enough
questions here already, I guess

(Laughter.)

MR. DENNIS: In our search of full scale

programs we did not feel wve found any that would fill

the program. Either they were unavailable to us or they

wvould have required a long NRC program for license
modification.

Let's go on to the small scale models.

(Slide.)

Within the modeling program here ve will be
talking about the small scale steel models, the large
scale steel model, and a brief discussion of the
concrete modelss Much of this has already been gone
over by speakers before me, so we will pass through it

gquickly.

I call your attention on this that what we are

looking for is to establish credibility in the
post-yield range on structures, credibility of our
prediction methods.

(Slide.)

Our hypothesis is that we can get sufficient
intormation from a limited number of tests, and this

hypothesis, like others, will only be borne out by our
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testing program. If we get good correlation wve will
feel that ve have -- the hypothesis wvas justified. If
not then ve will have to recommend that we do into a
more extensive program somewvhat similar to the initial
recommendation for this program.

(Slide.)

There vas some talk about what a small
prototypical structure is, and ve have defined a small
prototypical structure to be one that has the sanme
characteristics as the prototype, utilizes similar
materials but is not a direct replica of the prototype.
For similitude relationships to apply we need to go to
replica scaling on these, and that turns out to be an
extremely expensive proposition.

ME. ZUDANSs 1If your objectives are as you
stated, why do vou have to go 1/32? Why not 1/3207?

MR. SIESS: Fabrication.

MR. DENNIS: I guess we go into a little bit
of history on this one. Initially ve vere looking at
replica scale models about this. We had a contract with
Southvest Research who has a good bit of experience in
this area to look into the replica scaling of
containment models. They went through the failure modes
study on the models and determined what components we

could and vhat components we could not get failure modes
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on at diffarent scales. The 1/32 scale turned out to be
the smallest scale vhere wvwe could replicate 2 number of
failure modes. In order to keep that failure mode
replication we kept the 1/32 scale on the models.

MR. ZUDANS: Yes, but if you a.e talking about
multiple or distinctly different failure modes, then you
cannot really do that on a two on one model. Each model
can carry only a single failure mode because it is going
to fail in some single way.

MR. DENNISs Yes.

MR. ZUDANS: So which specific mode do you
have in mind when you make the pick of 1/32 scale?
Certainly not the overall shell failure. That you could
do without a test.

MR. DENNIS: What we did, ve wvere looking at a
particular reactor containment at the time, and ov- 1/32
prototypical model nov maintains many of the essential
features of this containment building. We have
eliminated some of the areas that we felt we could
eliminate safely and bring down costs, but have kept the
areas such as the size of the spacing of the ring
stiffeners, the relative thickness *o diameter ratios on
the major penetrations, and that is similar to this
particular containment building.

MR. SIESS: It seems to me that your
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requirement for your prototypical model is that it
represents an adegquate challenge to the analysis. You
are using it to evaluate the analysis.

MR. DENNIS: Yes, sir.

MR. STESS: So that is really vhat you have o
compare it agaiast, much mor. *%“an the prototype.

MR. DENNIS: Yes, sir.

MR. SIESS: It does not follow at all that the
smaller the model, the easier it is to make it and test
it, or the cheaper it is either.

MR. DENNIS: No. This gives us a rather =--
the 1/32 size gives us a rather convenient size test.

MR. SIESS: How big is it actually?

MR. DENNIS: Well --

MR. SIESSs Are you coming to it? That is all
right. I will wait.

MR. DENNISs All right.

¥R. WARD:s Bigger than a breadbox?

MR. DENNIS: It is about 4 1/2 feet in
diameter and about 5 feet high. It is large enough for
a man to get on in the inside and apply instrumentation.

MR. ZUDANS: I guess that last statement is
really a better reason than anything else for having it
that size, so you can really apply your instruments

properly, gauges properly; because if you have to reach
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and it cannot reach, it is difficult, and the cost of

fabrication is not that much greater.

MR. DENNIS: No. Even
manpover intensive, not material
things, and as ve go smaller the

actually go up for the precision

on this size ve are
intensive on these
manpover requirements

machining.

MR. ZUDANS: Okay. Enough.

MR. DENNIS: Let's go to the next one.

(Slide.)

We established three guidelines for the models

and the experiments. First, economy, and that has been

a 4riving thing for us. The second is reproducibility

of results, and we have just gotten into a discussion on

that., We felt that with two models if we got similar

data, we could accept that as reproducible; if the data

vas not similar then we would have to go tc a third or

fourth model. And that has alvays been a contingency in

our plans, and we wanted to have

one experiment

performed in a n~41el that was large enough to replicate

some of the typical construction

techniques.

For the steel models this means to get into

some of the actual welding processes that are used on

the large steel model on a large

containment. On the

1/32 model our wvelding process is not similar to that

that is used on the large model.

It is under far more
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. 1 control. It has to be for these thin sheets.
2 de also wvanted to be able to use multiple
. 3 panels within the wall of the containment where now we

4 are using a single sheet that has cne wveld seam on ite.

5 We want multiple veld seanms.

6 (Slide.)
7 I think this is the results of our study with
»8 Southvest. We found that for steel the minimum size wve .

9 could go to was a thirty-second, and for conventional
10 construction technigques a tenth; for reinforced concrete
11 that should read 1/16 for tne smallest size vwe would

12 need and 1/10 for the conventional construction.

13 MR. SIESS: It seems to me you were looking to
‘ 14 see how small you could make thenm. Is that right?
15 MR. DENNIS: Well, vwe equated smallness with

16 economy at one point in time, but it turned out not to
17 be the casa.

18 MR. SIESS: The better rule is when you are
19 testing mojels you make them as large as yocu can

20 accommeodate and afford.

21 MR. DENNIS: That is where we have wound up.
22 (Slide.)
23 This shovs the test matrix for the steel

. 24 containment models. The first three groups in the 1/32

25 I like to vievw as our experiments. The final one at the
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1/10 scale I like to view as a demonstration test, that
ve vill have developed confidence in our ability to
predict what is going to happen, and then with the final
model we will show those predictions and also the
effects of conventional constriiction techniques.

(Slide.)

Now, this is a look at the three models. You
have seen this before in several forms. The interior
diameter on the model is approximately 44 inches, and
the height is about 66 inches, so it is a nice size
structure. It is going to be big enough to get into to
do a good instrumentation jodb and to work with wvell.

(Slide.)

This is a conceptual sketch of the seventh
model. We do not have it designed yet. You will notice
that one of the large changes in it is going to an
ellipsoidal head on the base. That wvas primarily an
economy on this one to avoid having to build a concrete
or other steel system to mount it.

MR. SIESS: That is the vay some of them are
built.

MR. DENNIS: Yes. This is actually quite
close to the Praire Island-Kivaneh-St. Lucie type of
designs.

MR. ZUDANS: It has the concrete insert.

ALDERSON REPORTING COMP.NY, INC,
400 VIRGINIA AVE., SW., WASHINGTON. D.C. 20024 (202) 554-2345



10

11

12

13

14

15

16

L

18

19

21

22

23

24

25

99

MR. DENNIS: Right.

MR. ZUDANSs You will do that, too.

MR. DENNIS: We can. We have not cided
yet. We were looking to put a manway in the base for
interior access on i=. If we put a replica jin the sense
of size and equipment hatch in there, it winds up to be
about 25 inches in diameter and rather far off what
vould be our flcor, sc it is inconvenient for being out
of the model to do instrumentation on it.

¥MR. SIESS: Now, the hatch closure will be
simulated as vell as the reinforcement around the
opening?

MR. DENNIS: On the 1/10 scale we plan to have
an opening hatch on that one, so we will have it
gasketed and sealed, and we will use one similar
probably to one of the plants I just mentioned that uses
this overall design characteristic.

We are looking at building this vessel in
accordance with the ASME code and to at least have it
vhere we could get an N-stamp on it if ve wanted to.

(Slide.)

Here is our matrix ve are currently looking at
for reinforced concrete designs. At this point in time
ve do not have any conceptual design on it, but rather

ve just laid them out. And as you can see, once again
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it starts simple and goes to the complex.

MR. SIESS: The seismic seal you refer to
vould be the in plate steel or the -~

MR. DENNIS: The 45 degree steel that they put
around the lowver half of most of the containments.

MR. SIESS: What about the through-wall bars
that are in almost all the plants?

MR. DENNIS: We wvould plan to put shear steel
in these, yves.

MR. PICKEL: What is the thickness of the
shells on those?

MR. DENNIS: Well, on a full scale plant you
run them about 150 to 160 feet in diameter with walls
that run a nominal four to four and a half feet thick.
On a tenth scale ve would probably have to go to a
thicker wall in order to keep our construction economy
vithin reason. So we have not settled on either the
vall yet or ine placement of the steel. That is the
next task c. :ing up is to locok at a design for these
models.

MR. PICKELs So the diameter~thickness ratio
may have to be altered here.

MR. DENNIS: Yes. I would expect it would.
Also on the tenth scale steel, I did not mention that,

but the wall thickness to diameter ratio will have to be
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altered on that, and that is in order to allow us to
take advantage of commercially available heads and plate.

MR. ZUDANS: I would have expected on that one
ycu would have picked a scale where you can maintain
that ratio with the thicknesses that you can find in
fabricated plate. That issue is more critical than
anything else.

MR. DENNISs: Originally we did, and ve vere
going to build a scale model of that using 3,16, SA 5/16
steel. Three-sixteenths is the only commercially
available. It turned out that under those conditions ve
wvould have had to pay for tooling for the dome and the
base. Tooling costs on those are excessive, and so ve
went to the thinnest we can buy sections that are
commercially available for a hemispherical dome or an
ellipsoidal base. Either one is 3/8 inches. That's why
ve vent to =--

MR. ZUDANS: How much thicker is it?

MR. SIESS: A ratio of 8 to 10.

MR. ZUDANSs Eight to 10.

MR. DENNISs Initially ve are dealing in about
an 800, R/T of 800. We will be down to an R/T of 600 or
something like that.

¥R. ZUDANS: One more question that pertains

to this steel and the phases of your tests and analysis
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that will go beyond your linear range.

MR. DENNIS: VYes.

MR. ZUDANS: Do you plan to instrument
adequately to measure the deformed shape continuously,
the entire measured shape all around the circumference
and up and down?

MR. DENNIS: Yes, we do. And Ron Woodfin will

go into detail on that.

MR. ZUDANS: Good. I will ask the guestion
then.

MR. SIESS: We are going to have a separate
presentation on instrumentation measurements.

MR. DENNIS: Yes. Yes, sire.

MR. WARD: What sort of yield or failure
pressures are you expecting over this range of models?

MR. DENNIS: We are expecting -- Tom, catch me
if I am vrong here -- but I think it is 150 to 200 psi
for the steel model, and the yield was -- what wvas that?

MR. BLEJWAS: It depends on if you mean
membrane modeling.

MR. DENNIS: NMaybe we had hest defer that
until Tom gets up.

Okay. 7Yf there are no further questions =--
vait, ve have one more vu-graph.

(Slide.)
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And this once again is our current scheduling
on the activities. We expect the experimental progranm
in steel in FY 83, We expect the analysis methods and
evaluation to be finished in FY 84, We expect the
concrete testing to begin in very late '83 and to be
finished up in '84, and the analysis in '85.

We are looking to obtain information from the
tests to b2 run in the United Kingdom on prestressed
concrete to do that portion of our program. Once again,
that was a financial consideration that ve eliminated
that portion of the program and will rely on others for
it.

MR. WARDs Was the Canadian test, the
Gentilly, was that prestressed concrete?

MR. DENNIS: That was prestressed concrete.

MR. WAKD: 1t apparently leaked a lot.

MR. DENNIS: I would say that the test history
they use --

MR. SIESS: The Canadians did not have a steel
liner.

MR. DENNIS: No.

MR. SIESS: But the U.K. did use a steel liner.

MR. VON RIESEMANN: It is not clear on the
U.X. whether they will use steel or copper on the liner.

MR. SIESS: The Canadians do not use any
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liner. They use epoxy coating.

MR. DENNIS: In the test they used a vinyl
liner, and they experienced some liner difficulties in
that test, so they wvent through several loading cycles
before they got a liner that took them to failure.

MR. ZUDANS: Without a liner =--

MR. DENNIS: And then the Canadians are great
proponents of a leak before break concept on their
containments.

MR. WARD: And that vas wvater?

MR. DENNIS: They used vater as a pressurizer
fluid, and they did compare it with an analytical
method. BOZAR-V was the code they used, and they got
good results between the code and their model after they
had changed the material models.

(Slide.)

MR. BLEJWAS: I am Tom Blejwas, and this is
Tom Horschel from Sandia, and I am going to talk about
the analysis that ve have been conducting and plan to
conduct for these containment models. I would first
like to put the analysis into the context of the overall
program, so on your first vu-graph, the second vu-graph
rather --

(Slide.)

-=- I wor d like to reiterate that part of our
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objective is to try to qualify methods of evaluating
ultimate capacity. So the wvay we see our task, wve will
first proceed in designing and building the experimental
models which you have just heard discussed. Next, while
this is going on ve are doing pretest analysis, so that
by the tim2 we actually conduct the experiments wve will
have predictions that ve feel are the best predictions
we can make at that time. Th“en wve will conduct the
experiments, compare our res .its, and at that time
refine our analysis.

After we have refined the analysis to a point
ve feel it is reasonable, then we will present our
comparisons for others to view and to make a
determination as to the guality or gualification of the

analytical procedures.
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(Slide.)

Now you have heard wve are looking at three
different types of contanment models: steel, reinforced
concrete and prestressed in three different loadings.
Most of what I am going to discuss now will primarily be
the analysis of steel containments to static internal
pressurization, but I will also touch briefly on the
analysis of the concrete containment models.

(Slide.)

Currently, we are in the process of conducting
analysis of the steel containments in two dimensions
primarily, and vwe have a smaller task to do some
three-dimensional analysis, particularly of
penetrations. Those are -- the 2D analysis is primarily
wvhat I am joing t> present today. However, we are also
in the process of starting on some concrete analysis
doing things selecting codes ard looking at what is
available around the country for analyzing concrete
containments.

In tha regard, ve are having a lot of
interaction with Los Alamos. They are already doing a
lot of reinforced concrete analysis. Also, we do have
to do some side calculations for the support structures
to be sure when we conduct our test it is the model that

ruptures and not the support structures, so that we have
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a good test.

(Slide.)

Okay, we looked at what was available in the
vay of computer codes when we started doing analysis
about a year and a half ago. We did a survey and these
are features that I selected as being desirable for a
code for use on the analysis of the steel containments,
both for static and dynamic pressurization.

I will not go through all of these, but I
think everybodiy has their own favorite little features
that they like to see in the code, and I think most
people would agree that these are somevhat desirable.

(Slide.)

I did wvant to emphasize, though, that there is
one feature there that we thought was particularly
important for our task, and that is number four, looking
at a code that has large displacement and finite strain
plasticity capabilities, since ve do expect to go well
past the linear range.

(Slide.)

0f the codes that wve looked at, this is a
small sampling. We looked at a lot of different codes,
most of them very briefly, because there are so many
that you cannot spend a lot of time and use a lot of

assistance from p=2ople who have already used some of the
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codes.

Basically, we came up vith three potential
codes that did not have any important features missing;
at least in the documentation it did not appear that
they vere missing. These wvere ADINA, ANSYS and MARC.
Since then, I am more led to believe that ANSYS does not
have actual large stream capabilities but more medium
type of strains in the analytical capabilities.

Since wvwe did this search, there is another
code that has come on the scene. That is the Sne on the
bottom, ABAQUS, and that has recently had non-linear
material propertias and non-linear geometry added to its
capabilities, and ve think this may be a very good code
for the rfuture.

0Of these codes, ADINA is used a lot at
Sandia. It is also used at Los Alamos. ANSYS is used
by Lowell Greiman at ames for Fis analysis of steel
containments. MARC vas not being used by anybody that
ve knov of that was trying to analyze steel
containments, and ve did some experiments using it.

So of the three codes, we selected MARC partly
because of the experience we had with it and partly
because it also satisfied our objectives.

(Slide.)

Now, our analytical effort is somewhat
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paralleling the experimental effort in that ve see
different cases of analysis that are similar to the
three types of models we are going to be conducting
experiments on. So that ve are starting out with just a
clean shell analysis, and this will help us to predict
the response of the first tvo tests.

We are also going to analyze or have analyzed
ring-stiffened shells and these will help us with the
second two tests. And ve are also looking at wvays of
analyzing the penetrations, and that is perhaps the most
difficult part of the analytical effort.

I would like to mention that we d4id all of our
analysis that I am going to present using the MARC code,
that we used all of their large displacement finite
strain options in the analysis, and these are analysis
of the models and you will see pressures put up there
for yield or ultimate capacity. These are for our
models, and I do not think you can infer from these what
the capacity of an actual containment is.

(Slide.)

Okay. As I mentioned, we start off with a
clean shell. This is actually the deformed shape at
yield, but with a magnification factor of one so that
you cannot really see the displacements on the plot.

Thi analysis was done using shell elements, high quarter
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shell elements for all areas except near the base where
ve switched to vsing solid-ring elements to try to get a
better definition of the three~-dimensional stress data
at the base. I will talk about that three-dimensional
stress data a little bit further later on.

The yield pressure is 64 pounds per square
inch gauge and that did occur at the base. That wvas the
first area that would yield, as you might guess.

MR. SIESSs What conditions 4o you assume at
the base? Are you going to get into that?

MR. BLEJWAS: The third viewgraph will have a
sketch to show boundary conditions.

Okay, if we amplify the yield condition, ve
see a deformed shape that agrees fairly well with the
type of deformed shape you would expect if you did a
linear elastic analysis.

(Slide.)

In fact, if this vere the aim of our program,
this is nothing special. A lot of people could do this
quite easily and conveniently. However, I do want to
emphasize that for this linear elastic analysis, the
areas of concern are near the base where you see a great
deal of bending going on and the areas near the juncture
of the cylinder and the shell, the hemispherical dome

vhere also there is a great deal of bending. Now, as ve
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increrse pressure, the plastic flow occurs and, as you
might expect, you do get a smoothing out of the shape.

(Slide.)

And now, most of the bending or all of the
bending that occurs is concentrated right at the base.
And if you look at an output of what the stresses are
throughout the shell, you find that bending is not
significant throughout the entire shell. This wvas at
179 pounds per square inch. We would expect a membrane
ultimate condition to occur within 5 to 10 psi higher
than this level. I did not have a plot of that
particular condition.

Okay now, the area I want to emphasize or
discuss further is in the lowver lefthand corner. I have
circled the area and I will show you the boundary
conditions that wve selected. These wvere selected to be
conservative because our model does not end right at its
base; it continues down into a ring.

(Slide.)

And rather than -- and also, let me just step
up here for a moment. This area right here (indicating)
I modeled this as being a straight edge or sharp
cerner. In our models, it is actually rounded so that
some of the stress concentration there will not be as

severe as in the actual models.
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Nov, what wve are looking at here are stress
contours of mises stress, and thiz is at the very base.
We get what wve probably would have guessed in advance,
that the area of highest stress is in this lowver
righthand corner in the inside of the model where wve
have a combination of both bending and tension due to
the upvard forces on the model.

MR. SIESS:s What stiffness and deformation do
you assume for the base? Does the concrete expand?

MR. BLEJWAS: Now ve have assumed here rigid
conditions. Okay now, figuring that that would be a
lover bound -~

MR. SIESS: Your model would have rigid
conditions?

MR. BLEJWAS: Well, this area in the model,
the wall continues down into the model and right here wve
have a very heavy ring (indicating). Okay, it is not
perfectly rigid but by comparison with ‘he model it is
rigid. And it is curved here (indicatinj’.

Now, ve could have analyzed that -ondition,
although it would have been very difficult, :articularly
with the non-linear boundary conditions going around the
curved corner. And ve felt that if we could analyze --

MR. SIESSs I am not really concerned that

much with how you are modeling the steel shell, how you
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are modeling that concrete baise that it s attached to.

¥R. BLEJWAS: I missed the point of your
question.

MR, SIESSs Do you assume it is rigid?

MR. BLEJWAS: Yes.

MR. SIESS: And you are analyzing your model
then. It will be attached to a rigid base.

MR. BLEJWAS: That is correct.

MR. SIESS: Now, to apply this to the
structure, you would have to make some assumptions
differently about that concrete basemat.

MR. BLEJWAS: That is correct. We have not,
in our experimental models, tried to replicate the
concrete base. PBut we have tried to make it rigid, and
we believe that the concrete base in an actual
containment would be close enough to being rigid that
our experiments are valid.

MR. ZUDANS: This is a steel model, right?

MR. BLEJWAS: This is steel, that is correcte.

MR. 7UDANS:s And do I conclude correctly that
you use the four elements through the thickness?

MR. BLEJWAS: I use four elements through the
thickness with four integration points in each element.
They are high order elements.

MP. ZUDANS: Yes, I know the elements. Okay.
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The other juestion is it is good for exercise, but you
know, those wvhere you have those support dots indicated,
it assumes infinite rigidity of support which is not the
reality, and the deformations will go much deeper into
your material. And I assume that in a real analysis you
will consider what is gcing beyond that point or not.

MR. BLEJWAS: Okay, the basis for doing this
analysis was that the conditions you just described are
less severe.

MR. ZUDANS: It does not matter. They are
more realistic because you do not have in actual
containment any such stiff ring around. You will keep
this point you have in the corner where it is.

MR. BLEJWAS: That is correct.

MR. SIESSs If it fails at the base, they will
go back and do some more analysis.

MR. BLEJWASs In other words, I am trying to
analyze my model. I can conclude from what I have done
that the model is not going to fail at the base; that it
is going to fail in the membrane region on the side of
the model. So if I do additional analysis, all that is
going to provide me is differences in strains and
stresses that may be helpful for comparisons but I may
not need them if I am trying to predict ultimate

capacitye.
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MR. ZUDANS: Let us say that it may
case that your highest strains are not at the
That is what you found from this analysis.

MR. BLEJWAS: Actually what I found is they
are about the same as in the membrane region, and since
my boundary conditions are so conservative, I expect
that vhat is going to happen is that it is going to fail
in the membrance region on the side.

Let me suggest something.

MR. BLEJWAS: Yes.

MR. STIESS: To go back to that mode three,
which was penetrations induced or affected by the
behavior of the containment itself, what you really are
going to be interested in there is not necessarily
stresses in that shell, but deformatiuns in the shell.
It is things that do not affect where the stresses
peak. It may or may not have some effect on overall
larger deformations.

BLEJWAS: Yes.

SIESS: You keep that in mind, don't you?

BLEJWAS: Yes.
(Slide.)
Okay. From this analysis, we go to the
analysis of a ring-stiffened shell, and the first

vievgraph shovs the deformed shape at yield, but with a
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very high magnification factor on displacements you will
notice that the factor is 106, so that again, you would
not be able to see the deformations if it vere not
magnified. The model here was constructed using all
shell elements for economy. We have not included the
solid elements at the base partly because ve d.d not see
any difference in the ultimate behavior or the
non-linear behavior in the gross sense when we switch
from all shell elements to shell and solid elements.

This was the additional factor that ve vere
LryYing €0 =«

MR. ZUDANS: They do have that assumption =--

¥R. BLEJWASs: Right. That vas the reason ve
went to the solid elements in the previous example.

MR. ZUDANS: Yes, you are right.

MR. BLEJWAS: We performed this analysis at
yield ard on the next viewgraph you see what it would
look like if we did not magnify the deformed shape.

(Slide.)

Again, this looks just like our model. Now,
as vwe increase pressure again, the pattern of variation
between the ring stiffeners is not obvious. As you get
to much higher stress levels, again, there is a general
smoothing of the shell. Something that we at first 4id

not believe or doubted the correctness of was that the
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rings yieli shortly after the walls of the shell yield,
and that you get a general plastic flow outward, and
there are not a great deal of variations in deformaticn

through th2 panel.

(Slide.)

MR. SIESS: No vertical stiffeners on your
model?

MR. BLFJWAS:s That is correct, not in the
ring-stiffened model. We do include a few small

vertical stiffeners when wve get to the penetrations.

MR. ZUDANS: What kind of a strength hardening
did you have on that material?

¥R. BLEJWAS: Okay. We had an ultimate
capacity or ultimate stress of the material of 85,000
and a yield of about 55,000. and the ultimate condition
occurred at about 15% strain.

(Slide.)

Here is a viewgraph that shows our
approximation. We based this on some data we have from
the lab on A 5/16 steel. We are going to, in the
future, update our analysis to replicate the material
properties of the material that is actually in the
models.

We thought that our material was going to be

very close to A 5/16; we now see there are differences,
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and we are going to go back and redo our analysis.

#R. ZUDANS: So for the range you achieved in
this analysis, it is essentially =-- how far did you go
with strain?

MR. BLEJWAS: We vent all the way out to 15%.
In fact, some of it goces further than that, wvhere the
15% did not occur. In an area that would cause a

rupture -- in other wvords, we would not have a runavay

condition -- vwe continued the analysis further.

MR. ZUDANS:s Okay.

(Slide.)

MR. BLEJWAS: Okay. Now wvhat wve also did wvas,
since vwe had modeled our ring-stiffened shell with all

shell elements, we went back and took a section of that
shell element and assumed that we had evenly-spaced
rings on an infinite shell. Then we can take some =--
take advantage of some symmetry and if you look at the
richt side of that, the last line indicates a region
that we can then take out, apply appropriate boundary
conditions to and analyze in more detail. And so, wve
have locked at this region with three different types of
measures and our results are all very similar and show
about the same kind of thing that we sav with all the
shell elements.

Primarily, what we wvere interested in was
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wvhether or not the stress ccncentration that occurs in
the plastic range at the juncture of the ring and the
shell wall, whether or not that would be significant as
ve got into the plastic range, and indeed, it is not in
any of our analysis.

(Slide.)

Now we know that we have in our model
penetrations in the side of the cylinder. In fact, our
model has three different penetrations; the fifth and
sixth tests have three different penetratjons, an
equipment hatch and twvo personnel lock models. Doing an
analysis of these precisely would a three-dimensional
analysis so we have done what a lot of people in the
industry have done when they analyze penetrations. We
said vell, ve think there is some similarity between the
way a penetration behaves in a cylinder to the wvay a
penetration would behave in a sphere.

And so, if ve analyzed the penetration in the
sphere, we can take advantage of axial symmetry and do a
two-dimensional analysis. So we have done =-- what I am
going to shovw you is some models for two-dimensional
analysis.

(Slide.)

We are also doing three-dimensional analysis,

but of course, that is slower and more expensive.
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MR. STESS: It seems to me there is a basic
error in doing that because in a sphere, a circular
penetration remains circular.

MR. BLEJWAS: Yes.

MR. SIESS: And in a cylinder, it will not --

MR. BLEJWAS: That is right.

MR. SIESS:s And if I am wvorrying about seals
on an equipment hatch, it seems to me the shape of that
hole is going to be a big factor.

MR. BLEJWAS: I agree with you. I think there
ig ~--

¥R. SIESS; Now, the manvay is usually Jjust a
cylinder set into that wall. The doors are set into the
cylinder, right?

MR. BLEJWAS: That is correct.

HR. SIESS: The equipment hatch, you know,
which is an awfully big thing, would have a different
shape in a cylinder than in a sphere.

MR. BLEJVAS: That is correct, and that is the
reason we are not doing just one or the other; wve are
doing both.

MR. ZUDANS: One more question. The
ring-stiffened shell analysis vas done by using the MARK
shell elements.

MR. BLEJWAS: That is correct.
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MR. ZUDANS: When you did this picture, you
came to the conclusion it would be appropriate to -- it

is a simplistic, simpleminded analysis, a back of the

envelope -- that is good enough.

MR. BLEJWAS: As near as ve can tell, that is
correct.

MR. ZUDANS: Good confirmation.

MR. BLEJWAS: That is a goed point. I wvanted

to make that one, myself, but we are doing --

MR. ZUDANS: I am sorry I stole it.

MR. BLEJWAS: We are doing a lot of fancy
analysis, but we are not losing sight of the fact that
ve may be able to encourage people to do very simplistic
things when we are finished.

MR. SIESS: Inelasticity is a great thing.

MR. BLEJWAS: Okay now. The guestion was
raised before of taking out a part of the side cf a
containment vessel and putting penetrations in that and
just testing just part of the wall, like a 1/6 segment
or something like that. Unfortunately, I did not bring
it with me, but we have done a quite a bit of analysis
vhere we have taken out a part of the wall and done an
analysis on that, choosing appropriate boundary
conditions.

At least I thought they were appropriate. And
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wvhat ve found is that you needed to take a real lot of
the shell in order to smear out the deformation

effects. What we think we got when we did that was that
the distortions wvere concentrated in the penetration
because, as the shell vanted to grov outwvard, the
penetration was the hard point. And so it forced that
penetration to distort more than we think it really
would have.

So what we have now done in our analysis is
something like you see here. There is an axisymmetry
there. If you look in the upper righthand corner, that
is the penetration we are really interested in. The
rest of it is a shell with just a few shell elements,
like on the order of 7 or 8 shell elements, all the way
around until we get close to the penetration. Then wve
use smaller shell elements, and in some of our models ve
even use solid ring elements, but we have found that
that is not necessary.

At least from preliminary results of this
analysis, we believe that our hypothesis wvas correct
that these results are significantly 4ifferent than when
ve just chose a segment, and that is part of the reason
that I hesitate, wvhen somebody suggests just taking a
segment out of the shell and testing penetrations with

just that segment. You have to be very careful when you
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get into the ultimate range, because you are talking
about the material yielding and growing greatly. And if
you somehow inhibit this growing, you are going to
change the actual characteristics of what is going on.

So, I think that is a worthwhile result from
what ve did with osur analysis.

MR. SHEWMON: Are the welds in these butt
velds or did they lay something over the joint when they
get in field erection?

MR. BLEJWAS: All these are actually being
built in. It is more like a shop condition, not
actually in the field.

MR. SHEWMON: So the rea. structures are
straight butt wvelds, is that right?

MR. VON RIESEMANN: That is correct.

MR. EBERSOLE: The penetrations you get, are
they fixed with respect to space in a differential
fashion? Do they move outward?

¥R. BLEJWAS:s They move outwvard.

MR. EBERSOLEs What about the big 28-inch pipe
penetrations? They do not move as freely, do they?

MR. BLEJWAS:s That is correct. That is
something that in these early models, ve are not
including.

MR. EBERSOLEs Oh?
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MR. BLEJWAS: And that may be a very good
topic fer a tangent to this program or a separate
program, because I think that is a very important area.

(Slide.)

In addition to -- the previous slide shoved a
personnel lock. This is a three-dimensional look at
wvhat our model looks like for an equipment hatch, and I
just wanted to show you this to just give you an idea of
the geometry of the equipment hatch.

We have a concave dish that closes off the
penetration, and we will show you another figure that
shows it from a side view, or simplistically, --

MR. ZUDANS: Why didn't you do this in a
cylinder with those elements?

MR. BLEJWAS: I was afraid that, -- again, ve
did not do that analysis -- that was just a pictorial
rendition of what ve were doing. We realized it would
be hard to visualize this, so we tried to come up with a
way of visualizing it.

MR. SIESS: Did you model the connection
betwveen the hatch cover and the hatch boundary, or did
you just assume it was rigid, a fixed connection?

MR. BLEJWAS: We did it the way it is in our
model, which is a wvelded joint, so we assumed a fixed

connection.
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MR. SIESSs: The actual structure, it is bolted?

MR. BLEJWAS: Yes.

MR. ZUDANS: I think that this would be the
most significant piece of information if you could
provide €for that sealed surface and allow it
differential deformation, both in the analysis and the
test, because this would ansver the guestion whether or
not this will fail to seal the containment before you
reach the ultimate capacity. Whatever you wvant to call
the ultimate capacity.

A.. SIESS: In your 1/10 steel model, will you
model that hatch any differently than you do in your
32nd?

MR. BLEJWAS: Yes. I wvas just going to say
that we have not done that analysis. We are a long wvay
off from doing the tenth scale model.

MR. ZUDANS: They could do it in here, too. I
feel that in here, it is the same thing. In your 1/32
model you should not weld this thing; you should put it
on so it can lift off if deformation of the boundary
takes place.

MR. BLEJWAS: I think we are getting into an
area that I cannot ansver. The fabrication difficulties
vere the reason we decided not to do that. This is a

fairly small and thin piece of struture that we are
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trying to bolt on.

MR. HORSCHEL It is --

MR. BLEJWAS: It is only 23 mils thick, so ve
are actually locking at this particular structure in
great detail because we a.e concerned that the cover
will buckle. And if you look at classical solutions for
buckling pressure, it is in the range where it couald
conceivably buckle.

MR. ZUDANS: Your conclusions on buckling will
not be transportable to real structures because the
boundary conditions are completely different.

MR. BLEJWAS: That is correct, and what ve are
trying to do is decide whether or not this cover needs
to be redesigned so that our model does not fail
prematurely in that mode.

MR. ZUDANS: Yours will not fail, whereas the
real one is free to slide upward.

MR. BLEJWAS: That is right.

MR. ZUDANS: Therefore, it is not as -- it is
simply supported. Yours is built in the structure.

MR. BLEJWAS: According to the work I looked
at, some experiments reported in the Japanese handbook
of structural stability, it turns out thick in this
region for the particular rarameters ve have chosen

here. The fixed-in conditions are very, very similar.
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In fact, they show the curves crossing, so that the
simply-supported has a higher buckling pressure than the
fixed. I cannot explain that, but that is what their
handbook shows.

I agree vith you that we should try to
represent the boundary conditions as accurately as
possible. However, what I have been trying to do to
this point is to do an analysis of our model. The 1/10
scale model will include the features you are discussing.

MR. ZUDANS: Oh, it will.

MR. BLEJWAS: There will be a bolted
connection there and ve will try to model that to make
predictions of whether or not it will 1lift off and
pctentially leak when it does 1ift off.

MR. ZUDANS: My feeling is that is what it
vwill be, hopefully.

MR. BLEJWAS: There is a strong possibility.

(Slide.)

In summary, let me put up what our best guess
at this tim is what will happen with our models. I
vould like to emphasize that we will actually try to
document our predictions before we do any tests to leave
ourselves open for a lot of criticism afterward. But in
the clean shell wvhere we get the kind of failure that wve

expect to occur n=2ar mid-height, we will get a
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meridianal tear. That is our expectation.

ke do expect that to occur at a pressure that
may be significantly higher than what you would
calculate for first yield. We are talking about first
yield occurring in our analytical calculations at a
pressure of like 65 psi. Ultimate conditions somewvhere
around 180 or 185 membrane yield occur somevhere around
120 pounds per square inch. But still, the ultimate
condition I think is significantly higher than the yield
condition,

MR. ZUDANS: But your material curve tells you
-- the curve that you use for materials has exactly ~--

MR. BLEJWAS: That is right, there are some
other things that enter in =-- the geometric
non-linearities help you so you get a higher pressure
level than you would predict from the back of the
envelope, because the structure changes from being a
cylinder to being more like a sphere, and so hence, you
can take pressure in two directions rather than
primarily supporting it in the circumferential
direction, so you do get an extra 15 to 20 pounds per
square inch that way.

MR. SIESS: When you move to the actual
structures, somebody is going to have to worry about

when it touches that shield building.
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¥MR. BLEJWAS: That is correct.

MR. SIESS: It is only six feet out there.
Most of them.

¥R. BLEJWAS: That is right.

MR. EBERSOLE: Will you expect it to tear to a
very large extent in being catastrophic or just relieve
itself?

MR. BLEJWAS: I expect it to be catastrophic.
There is no mechanism, using pneumatic testing, for the
pressure to be relieved very quickly, so we expect when
it ruptures vwe will get many pieces -- maybe not many
pieces, but yocu will see a big gaping hole. Ycu will
get a big gaping hole out of it. We do not expect just
a simple tear.

We will have some heat-treated areas or heated
areas near the welds that probably will precipitate the
failure to begin there.

MR. SCHAUER: Aren't there a lot of pipe runs
that are anchored off at the shield building?

MR. BLEJWAS: Yes.

MR. SCHAUER: Then they will form very hard
hot spots which will prevent this particular vessel from
growing more than a few inches.

MR. BLEJWAS: I do not think you can say a few

inches. I expect it can grov gquite a bit more than that.
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MR. SCHAUER: I am looking at a containment
and I am looking at the shield building in back of it.
I am looking at a pipe that goes through the shield
building, through the containment, and is anchored off

at the shield building. And the difference there is

maybe an order of -- hetween the shield building and the
containment door -- of a couple of feet.

MR. VON RIESEMANN: Five feet.

MR. SIESS: Five to seven feet.

MR. SCHAUER: Five to seven feet. Now I have

this hard spot that is geing to be created as this
containment expandse.

MR. SIESS: You have some point loads on the

outside.

MR. BLEJWASs That is correct.

MR. SIESS: Lots of point loads.

MR. BLEJWAS: Lots of point loads, but I also
think -- thinking of that as a totally hard spot I do

not think is accurate. The piping I have ..e. goes out
and typically bends, and then goes out through the
shield wall.

MR. SCHAUER: I see.

MR. BLEJWAS: So you can conceivably get
bending in the piping. I think that is an interactive

situation that is beyond what we have loocked at at this
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soint.

MR. SIESSs: There are some straight rumns
through the shield wall because I know they have
collection pipes around them at some points.

MR. SCHAUER: Before you get too excited about
all this strain being actually available to you, you
have to consider these point loads.

MR. ZUDANS: That is correct.

MR. BLEJWAS: Yes, I agree. But also, that
strain is vhat is going to help you with these hard
points. The fact that the material will be able to
strain and go plastic and distort significantly before
you get a rupture will help you in analyzing these hard
points.

MR. ZUDANS: Of course, you have to keep in
mind right now you are analyzing your model, and you are
testing your analysis against the model. The thing you
need to keep in mind is that when you start to analyze
real structures, there may be features that have to te
built into the modiel that have not been t. :>ted in your
model, and I think that is what you have tc be careful
about.

MR. BLEJWAS: Yes.

MR. SIESS: That you are testing the analysis

under certain conditions. There will be others for
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which it is not tested. Now, you may have that
confidence.

MR. EBERSOLE: One of the features is simply
the secondary containment, is it not? 1If this
catastrophically blows, won't the secondary containment
tend to at least partially confine it in the beginning?

MR. BLEJWAS: If it actually blows with the
kind of rupture we expect from the modelis, I doubt it
will do anything except spread debris around the
countryside. It is designed for very low pressure
levels, from what I have heard. I mean, there is no --

MR. EBERSOLE: No pressure capability in
secondary containment.

MR. BLEJWAS: Not a significant one.

MR. SIESS: It has three psi at least, but
what it is designed for and what it is good for are not
necessarily the same thing. I do not think anybody
looked at what they are good for. They are not good for
160 psi or what it would be reduced to with the
additional volume.

MR. EBERSOLEs They are missile sources to the
nearby unit.

MR. BLEJWAS: Perhaps.

MR. ZUDANS: One more question. If you

perceive the way you describe which is very interesting
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and good, what you will come up is "ultimate load
capability of containment", probably much higher than
those that create non-isolation of the containment
during this loading process. What the net result will
be is that you 4o not have to worry about containment
ultimate capability; you have to worry about hard
spots. Those will be the ones that will fail first and
open the path to the outside.

MR. BLEJWASs But it might give us more
confidence in trying to analyze the hard points.

MR. ZUDANS: I do not know how that confidence
comes about. I do not see that. Where do you get that
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