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UNITED STATES OF AMERICA
NUCZLEAR REGULATORY COMMISSION
ACVISCRY CCMMITTEE ON REACTCOR SAFEGUARDS

SUBCOMMITTEE CON CLINCH RIVER BREEDER REACTCR

Nucleir Rezulatory Conmission

1717 H 51?001- No“o
washington, 2.C.

Fridayy, Novenmter 19, 1982

The meeting of the subccmmittee 4as convened

2t 8330 a.me
PRESENT FOR THE ACRS:
MeWe CARBCN,y Chairman
Re AXTMANN, Member
JeCo ”‘RK' Megmber
De CKRENT,y Mamber
DESIGNATED FEDERAL EMPLOYEES
Pe BT EHNERT
ACRS CONSULTANTS:

We KASTENBERG
We LIPINSKI
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EBQCEERINGS
(8330 a.m.)

MR. CARBON: The meeting will now come to
order.

This is a meeting of the Advisory Committee on
Reactor Safeguards, Subcommittee on CRBR. My name is
Carbon. I am the subcommittee chairman. The other ACRS
members present today are DOrs. Axtmann, Mark 2nd
Okrent. We have in attendance ACRS consultants Ors.
Lastenberg and Lipinski.

The purpose of the meeting today is to
continue review of the ACDA energetics issues for CRBER.
This meeting is being conducted in accordance with
provisions of the Federal Advisory Committee Act and the
government in the Sunshine Act.

Paul Boehnert, on my right, is the cesignated
federal employee for the meeting.

The rules for participation in today’s meeting
have been announced as part of the notice of this
meeting previously published in the Federal Register on
Qctober 28, 19382.

A transcript of the meeting is being kepgt and
will be mace availzble 2as stated in the Federal Register
notice.

It is requested that each speaker identify

ALDERSON REPORTING COMPANY, INC.
440 FIRST ST, N.W., WASHINGTON, D.C. 20001 (202) 828-9300
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himself and speak clearly and loudly so that 1 or she
c2n be reJddily heard.

We have received no written statements from
members of the public, and we have no requests for time
tc make oral statements from members of the public.

In terms of my own comments to start the
meeting I guess I have not very many. I would mention a
couple of things. I believe you all have a copy of the
letter we wrote to Theo on October 12th asking for
coverage of certain points todar. I won’t go through
that further.

I am sure everyone has also received a package
of material, the three-part set uwuhich came frem Theo
depending upon where you were last weekend or sarly this
week,

Does anyone have any point to bring up before
we start? If noty I believe we will charge on into the
meeting, and I guess I will call on Mr, Cardis Allen.

MRe. ALLEN: I have very little to say other
than to introduce Or. Theofanous and his team. As you
knowy the group was formed back in July at a point after
which we had been reviewing information the applicant
provided on their core disrugtive accident analysis.
They were given the charter and technical sctivities to

develop 2 position on CCA gnergetics, and they have been

ALDERSON REPORTING COMPANY, INC.
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werking diligently since that time, and they zre here to
convey the fruits of their labor to you.

And with those remarks I will turn the floor
over to DOr. Theofanous.

MR. THEQFANQUS: If I remember correctly, at
the last meeting of this subcommittee Or. Mark thought
that I was very guiety, so today I will do most 2f the
talking to make up for that.

We are going to cover today the results of our
assessments for core disruptive accidents of CRBR
energetics., B2ased upon the wishes of the subcommittea
we would alsc like to spend guite a bit of tire on the
organizational aspects of our effort,

The whole presentation is broken down into
four parts. The first one is discussing the management
and the organization and the philoscphical apcroach of
the review group. The second one goes into some more
detail into the overall structure of our technical
efforts. And the technical discussions are cencentrated
here in Part 3, and that in turn is concentrated cn the
loss of flow accidents energetics. Then finally we will
close with conclusions. That is a pretty long
prasentaticn based upon our trials the day before
yestorcay, and it depends upon the number of questions

we will be getting. It could be anywhere betuween three

ALDERSON REPORTING COMPANY, INC.
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and six hours.

we would like to proposcy, Mr. Chairman, that
e2ch one of thosey especially this one, the large
section is broken down into five units; so I would like
to propose if you have any questions or qualifications
that you interrupt at the moment the gquestion arises,
either cuesticns relating to the subject. At the end of
eéch unit I will ask for questions, and then we can go
into more depth into the gquestions.

Is this agreeable?

MR. CKRENT: Before you start, can I ask the
Crairman why we need to go deerly into tha management
group since we have had something to read. Is there
something special you feel needs to be covered nos that
it°s in writing?

MR. CARBCN:I If it°s 2all right with the
subcommittee, we can skip the management group and
simply ask guestions.

MRs MARK: I Pave a goeneral guestion. It
seemec from reading *he material you sent out, Theo, as
if the management group and the project entirely had set
UE with a somewhat poreconceived objective of attempting
to back up the position taken by tne project 2nd the
staff.

I hope that was not truly the case, namely

ALDERSON REPORTING COMPANY, INC.
440 FIRST ST, NW., WASHINGTON, D.C. 20001 (202) 828-3300
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that your study was to find out what is true rather than
cenfirm what has been said.

MR. THECFANQOUS: This is absolutely correct.

I don®t know what you are specifically referring tc as a
preconceived notion.

MR. MARK: The way things were presented as
written, one could have taken this other conclusion.

MR. THEQCFANQUS: It could be that you are
referring to Appendix B in which me have the tasks
outlined in terms of of objectives, scope and outguts.
Some of those say so that. Maybe that is what you are
referring to when you say it is preconceived.

I think the reason for this verbiage there is
becauss we wanted to really focus the efforts in a given
direction so peocple would know what they are locking
for. However, it was very clear through our interaction
with everyone that certainly we were looking for what
wes the truth.

MR, MARK: I'm sure I knew that was the case,
and my criticism, if there is oney, is only in some
details of the presentation.

MR. THECFANCUS: Thanrk you.

MR. CARBON: I have 2 gquestion with regard to
tre synopsis here. 0On page 2 ‘here is a statement near

the ond that qualitative probabilistic framework for

ALDERSON REPORTING COMPANY, INC.
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quantifying the consequences of the accident given. I
stumble a little on "qualitative"™ and "quantitative."
3ut I uwonder if ycu would say just a word on
philosophically why you are putting the emphasis on this
particular thing.

MR, THEJFANQUS: I think that this is under
Section 33 in fact, it is the first vu-graph, I think,
on Section 3. And if you would like not to go over the
first twoy, we can go right into the presentaticn and
start exactly from this gquestion. If you intend to skip
the first two parts, we can go straight into your
question by giving you what we have.

MR. CARZ2ON: That would be fine to handle it
theny, but I think there will be some questions some of
us will have cn the first two parts. So to give us a
chance to ask guestions.

MR. CKRENT: If I could follow up DOr. Mark’s
question, was there . specific segment of the group that
was given the responsibility of trying to find out what
wes wrong and what the other group was doing, what the
project was saying, and to find possible weak spotsy and
that was their only function.

MR, THECFANOQUS: VYes. I think I nows
understand tha thrust of your cuestion as well 2s Or.

Mark’s, and I thirk I will be able to explain better our

ALDERSON REPORTING COMPANY INC.
440 FIAST ST N.W., WASHINGTON, D.C. 20001 (202) 628-9300
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pesition with respect to that if you will allos me to
show one vu=-graph in the first section. This is the
review path.

I think what you are saying would have been
correct if the management plan and everything that went
with it was formulated at the beginning of the reviauw.
However, it“s impcrtant to point cut that the management
plan was formulated sometime following the review. So I
weuld like to go over this. I think it would be helpful
in these two qguestions.

The review started by the updating of the CRBR
PSAR by GEFR 523. We spent a lot of time over the first
few months == in facty, it was from December until May,
sometime in May that exactly we were looking for
problemy and issuass ir reviewing and going very
cerefully over the applicant’s case, &s was documented
in GEFR 523.

Over this period of time also there was a very
extensive ciscussion going hetueen the reviewers, uhich
wes the NRC staff, and their ccnsultints, as wall as the
project and thair consultants on the other hand. There
were a number of meetings taking place during this time
frame in which we were hashing out those issues. You
sadw the results >f this kind of intaraction in the

previous CRBR subcommittee meating here.
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3asad upon this extensive review in which our
main emphasis was to find out what was wrong with the
Applicant’s casey we formulatea these eight fundamental
questionsy, @aight 1ssuesy and those are given as Appendix
A in the handout I gave. And by the way, we have 8
large number of copies of everything that will be
discussed todayy and if anyone does not have one; yocu
are welcome to get some.

Those issues were formally transmitted. The
applicents were auware of our narrowing down intos thesa
issu9s over a period of time, but they were formally
transmitted to the applicant screwhere around June
1982. The applicent then respcnded two or three months
latery and as a result of this response we had a meeting
to discuss this response. We had a mesating at Argonne
¢en 9=22 in which we agreed with the applicant on

remaining issuas.
’

There were still issues we had probhlems with
after their presentation. As z result of that, we came
up with a number of action itams tor the applicant to
give us information. In the interim between the
icdentification of those eight issues and this date over
here (Indicating) the group was formecd, ana thas
meznagement plan and everything that goes with 1it,

everything you see in lppendix 3 was developed in this

ALDERSON REPORTING COMPANY, INC.
440 FIRST ST, N.W., WASHINGTON, D.C. 20001 (202) 628-8300
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time frame. S50 that already we h2d gotten 2 major part
of the review under way. Already we knew what we were
looking for.

Maybe that is exactly the thing confusing to
ycues It sounds like we know what we are looking for.
Certainly we had better know what we were looking for at
this point, If we didn”t know at that point, we would
héve been in bad shape later on, That is why the tasks
are described more in the imperative rather than looking
for something we don’t know what it is.

If I may continue that a little bit further,
in addition to these eight issues, we had inputy other
inputs in the formulation of this plan, and these inputs
hzd the ferm of other Letters specifically asking the
consultants for another round of letters with any
remaining problems they might have, and this uwas
factored intc the management plan.

After the plan was formulated we sent it out
again to all of the consultants, 2s well as tc the
project, 2s well as to the NRC, and asked for additional
feedback to make sure it was complete and sound. And
following all of these interactionrs then, the management
plan was finally 2ssigned to individuals, and ue
centinued going on with this, what we called further

independent assessment.

ALDERSON REPORTING COMPANY, INC.
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At this point we changed the modae of
oparation. Up to this point we were formulating
questions and loocking for problems. From that point on
we factorad these problems 2s well as what were our
perceptions of how the accident is going intoc more or
less you might call it a positive effort in which we
really tried tc dc cur own indepencent assessment. And
then, in addition, we got further input from the
meeting,y, further responses from these action items. And
at this point we are in this meeting here (Incicating),
and you are going to here from us, primarily zeroing
again into our incdependen® asses wents, which although
they will not explicitly state at every point cf the way
the apolicant”®s positions, of course, since we had a
iong interaction with *he applicant it is factored into
the plcture.

MR. CKRENT: That was 2 long answer, and if I
resd it one wayy I think it was no to my guestion.
because my question was do you have within your
management structure a group whose only function it is
to s99 whether they can punch holes into your
conclusions?

MR. THEQFANQUS: Intec our conclusions? I
thought you ==

MRs CKRENTZ: Into your conclusions. Into your

ALDERSON REPORTING COMPANY, INC.
440 FIRST ST N.W., WASHINGTON, D.C. 20001 (202) 828-9300
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conclusions.

MR, THECFANQUS: Of course we have. It was 2
yes because I said -~

MR, CKRENT: Wwho are the people whose only
function it is to try to puncture your conclusions?

MR, THECFANGUS: Well, we have, DOr. Ckrent, a
finite number of resources. I don“t think it woulg be
wise to allocate cne or two or three or any numbar of
pecple with the only job tc do looking at what we are
doing and trying to punch holes.

I tiink we have a very strong interaction
within the review team, and wa 2re all alert 2t ary
given moment to check the status and find protlems
inside these positions. So you might say that the whole
team bas this function, although I don“t think we can
afford to taka any section of the team and say that’s
all your Jjob, look what you are doing and find 2 mistake.

MR. CKRENT: That’s 2ll for now. I will come
back to it later.

MR. THECFANCUS: And if I may take that one
step further then, it seems to me we are -inost there.
At 2 result of this meeting we, as well as the
applicent, expect to have your comments and criticisms.
I believe that the apolicant will take that into

consicderation together with the further assessments to

ALDERSON REPORTING COMPANY, INC.
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sive us a final response to these action items. And
then we will take all of this information and integrate
that into a report that will contain == it will be in
great detail so I can follow it on a technical basis.

Wo are scheduled to begin the uwriting at the
beginning of Cecember. We hope to have the first draft
by the end of January and the final draft by the end of
February. From that point of view, therefore, this
meeting 1is very timely because it is almost like our
last interaction with the outside world before we geot
into the business of writing.

MR, CARBON: Let me go to a guestion on page 3
of your writeup where you talk about review ana
evaluation of the coplicant”s arguments, and then you
lead into the point that some of your work has involved
new studies that were original in various ways, one of
these ways being new phenomena or new effects being
tzken into account.

MR. THECFANQUS: VYes.

MR. CARZON: MHow many new things in the way of
new phenomena, neu affects and new scenarios and so on
have you brought in here that weren’t considered earlier
by the project? I would just like to have some feeling.

MR. THEQOFANQCUS: VYes. Let me first say what

we consider to be the major accomplishments of the

ALDERSON PEPORTING COMPANY, INC.
440 FIRST ST NW., WASHINGTON, D.C. 20001 (202) 828-9300
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review process.

MR, CARBON: Let me make clear I am asking for
what was original on your part.

MR. THEZOFANCUS: Okay. All right.

This aspect here, the incorporation 3¢ the
fission gas effects, was original. This problem uas
initiated by us. Fission gases are supposed to be in
the plenum when the reactor is run, but this sas tha
first time these effects were incorporated into the
safety analysis as far as we knowy and we believe they
are very important effects.

There is a reason probably why they were not
brought up in the FETF review, and the rea2son is, of
course, that the gccident develops in this kind of
reactory the FFTF, in such a way that the plonum gases
are most likely tc get ocut of the plenum by the time
this pressure there might become relevant. So that is
something that was not included in the GEFR 523.

We thought it was very important at this
peint. The applicant thinks it is very important, and
they consider it to be not the kind of end spectrum
situation but almost like a base case or reference case,
s0 we think that is extramely impertant. It changes our
percaptions completely as far as @ good part that might

involve irraciatec fuel.

ALDERSON REPORTING COMPANY, INC.
440 FIRST ST, NW., WASHINGTON, D.C. 20001 (202) 628-9300



10

1"

12

13

14

15

16

17

18

19

21

22

24

25

MRe LIPINSKIZ: When you say that waes original
over haere, it has aluays been 3 consideration as to
whether the fission gas plenum should be opened and not
pressurized or pressurized. It may not have been in the
applicant’s consideration, but it always has been in the
LMFEBR program.

MR, THECFANQJUS: It might have been, but as
far 2s I knowy I was the first one to actually document
the concern,y, the safaty concern, with respect to glanum
gases in loss of flow accidents} and that was about five
years 2go. And we had as recently as just & faw months
agoy I guess when 523 was written about & year ago, that
was not taxen into account.

MRe LIPINSKIZ 1 ¢m saying it may not have
been in the 2cplicant®s casey but it has been in the
program,

MR. THECFANCUS: And neither was it taken intto
account in any of the safety reviews. For example, in
tha homogeneous ccre of the CRER it was not taken into
account., And I believe -~ I guess I brought up the
problem in connection with that core. And I believe
that in fact with respect to that core it would have
besn a much more serious preblem than it is here.

Another item, Or. Carbon, that I think we made

original contributions as a part of this review process

ALDERSCN REPORTING COMPANY, INC.
440 FIRST ST N.W., WASHINGTON, D.C. 20001 (202) 828-9300
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is to guantify the origin and severity of
recriticalities. Again, recriticalities are something
new. Peocple have been struggling with them over many,
many yearsj and we madey I believe, the first real
afforty, and I believe the project also is making a real
effort, because they agree with us that recriticalities
are possible, not something completely impossible as it
was thought some years 2go. And we made 2 very serious
effort to lock at the origin, look at the likelihood, as
well 2s to try to quantify them in a way that is useful
in zssaessing the energetics potential frem the CR2R.

Another aspect is the possible ravision of the
energetics relief paths. I think <hat will become more
clear after I 30 through some of the technical
discussion. 323ut very briefly for nowy this refers to
the classical process of disassembly and the relief of
the high pressure of the core. It is one in wvhich high
pressures develop in the corey and they push up the
upper internal structure. This is the structure hanging
from the head of the reactor vessel. When the oressures
are high enough, they push it upward and allow an upward
expansion.

we looked very carefully at ths structures
around this high pressure region, and we have a

suspicion that == and now we are trying to auanity it

ALDERSON REPORTING COMPANY, INC.
440 FIRST ST, NW_, WASHINGTON, D0.C. 20001 (202) 628-8300
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better -~ that maybe the core barrel feels a little
higher pressure because it is even closer to this high
pressure region. Maybe that one might go first. And if
that sere to hzppen, that would result in a more
isometric kind of expansion upwards and off to the side.

It°s not that it will make 2 very big
difference. In fact, in my opinion if anything it will
make it a little more clozr, the 2ssessment of that part
of the accident. Nevertheless, we feel it°’s important
that we really know clearly how disassembly might evolve
in & realistic sense.

And in any case, however, I neeod to point out
that this is not complete yete. I believe thzt the
assessment of the structural aspects of this crogram is
probably the most straightforwerd and sasy onex ard we
can count most, and *herefore uwe cannot afford to iovave
alone or to not look carefully into this. We can ao
very well.

But I think I will have more t¢ say about
that., There are cther aspects we have considered that
are not here. As a result of having to consider these
plenum fission gases we had to do a2 lot of neuw
develcocpments in ccllateral occasion dynamics, for
example. I will be talking about that also.

Wwe have another set of tasks. As you may

ALDERSON REPORTING COMPANY, INC.
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remember, we call them I series tasks. They have to do
with the initiators. There are a number of aspects of
those tasks that put us again into some new phenomena,
as I say in the document there, because the I-E tasks we
had some agifficulty identifying the appropriate
individuals, a2nd they are somewhat delayed. 3¢ we don”’t
have the final word on thnose yet, but we don”t expect to
have & very significant impact to the schedule. 2ut
depending upon what some of those I-% tests will yield,
we believe there might be some new aspects develoning
from there also.

Yos?

MR OKRENT: If I can get back tc the thrust
of the question I was raising 2arlier sometime before
the end of the presentation, the NRC presentation. 1If
it is possible, I would like to hear from eachk of the
members of the team who are here whether they have any
reservations with regard to the conclusions of this work
individually.

Secondly, if there is a possible one or tuwo
weak spots in what you are going to tell us, shere thay
might be.

Thirdlyy, whether the range of postulated
sequerices is sufficiently comprehensive to have covered

tFe things of interest to the general question being

ALDERSON REPORTING COMPANY, INC.
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examined, namely could one somehow lose integrity sarly.

And then in some way I would like to hear
whether this concern alluded t¢ in a memorandum by Cr.
Kelber about somathing at Los Alamos, I was interested
in how that has been addressed.

It”°s not that I am suggesting that the
conclusions here 2re not reasonabtle, but I would like to
hear whether peopley as I say, have any questions and
where lurking, let’s say, in the back of their minds or
where they would lock if they had any and so forth.

And so the membaers -- and I am interestec in
your own reaction, obviously.

MR. THECFANGCUS: I am very happy thzt you made
that add:tion, hecause for a moment there I thought you
were aoubting I would be giving you the correct picture
here.

MR. CKRENTZ Noy noj no. 3ut I think it is
important to understand why, if this is reasonzble, why
i* is. Alsoy where there might be something that’s a
surprise.

Nowsy in LWRs all toc oftan you run into a
transient that wasn’t on the previous event trees which
one can see if it occurred would lead to a rather
different sequence and perhaps more severe conditions

than in fact had been analyzed in those mambers of tha

ALDERSON REPORTING COMPANY, INC.
440 FIRST ST.. N.W.. WASHINGTON, D.C. 20001 (202) 828-9300

13



10

1

12

13

14

15

16

17

18

19

21

8

P2

25

set usad in examiring a problem. And I think it is
theorefcore relevant here to make sure tnat we don’t have
an equivalent situation that just hasn’t entered into
this examination.

MR. THECFANQOUS: At least, Or. Okrent, i 2m
not clear as to what you are asking. I don”t know if
the other consultants are. But if you are asking me if
we are considering other things than a loss cf flow,
oxygen == you mentioned transients. That woulc prompt
one kind of answer from me, and I can give you that. If
you are asking the consultants whether I am going to be
giving you the correct cunveyancey 2o to speak, of their
thoughts onr the subject, that will prompt another kind
of an answer. 1f you #re ask'!ng shaty, I will tell you
what,

Can you tell mey ara vou looking for both or
one at a time?

MR. CKRENT: Well, I assume you will give a
summary of the team’s work.

MR. THECFANCOUS: That’s right.

MR. CKRENT: 3ut I would like to hear, 2s I
s2idy, from the various peorle where, if any, where they
think there may be weak points, what are the number
first and second candidates for possible weak points.

In effect, if they were to take the role of devil‘s

ALDERSON REPORTING COMPANY, INC.
440 FIRST ST, N.W., WASHINGTON, D.C. 20001 (202) 828-8300
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advocates locking a2t what we are going to hear, where
thay weould posa what they consider to be hard questions
or however, ckay? They may say we have nothing tc add,
and that’s okay, tooy, if that’s what they want to tell
me.

MR, THEQFANOUS: You asked also me, anc I will
try to give you scme idea where the holes are, if there
are any holes. However, I thought you were also
referring to other accidents or other transients.

That“s why I askec you. We have a special effort in
that we are intending to talk zbout it here. That’s the
sequence of I~E tasks. We think it is a very important
seguerce., We feel those I-E tasks will demonstrate that
what we are doing within lroking at great, great detail
in the loss of flow accident, by looking at this
information we will be able to gut numbers alsc or those
other I-E initiators.

Ify, however -- and I have examples I can tell
yeu == a new kind of thing develops that we have not
anticipatea or sorething we &re not suspecting now
develops in a direction that is not really covered by
our techrical assessment and the loss of flow accident
studiesy, then we will focus on that also in great
technical detail and try to answer that one also.

MR, OKRENT: VYou seey part of the reason for

ALDERSON REPORTING COMPANY, INC.
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the question is I can’t tell whether you think you are
bcund to the situation with the loss of flow accident or
wrkether you still have 2 series of initiators that are
open and we’re just not hearing about them tocay.

I have the impression you felt strongly you
had bounded it frem what I reac.

MR, THEJFANCUS: Perhaps it would hazve been
preferable if I ha2d gone through some of this earlier
stuff, but indeed we balieve and have no reascn to
doubty, and no one in the team has raised any doubt
whatscever that our first premise here, which is to show
that the loss of flow =-- to show that the loss of flow
accideants span the ranges of phonomenoclogy of interest
is a true one and a correct one.

In particulary, we have loocked at the transiant
overpover accident in some deteil. We have 2 whole team
werking on that == ard as you know, that is crne of the
classical other iritiators == znd thare seems to ke no
problem in thsat.

On the cther hand, we hazve initiated a number
of adcitional tasks which are not in the classical
domain. As an example is the loss of heat sink
accidents in which the temperature rises uncontrollably
in the primary system. Then we are looking at the

pessibility of the structural components start creering
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under high temperature and stress in such a way that
there are some structural failures early on that might
lead us into a phenomenology such as, for exampgle, the
whole core dropping sut.

What was there to learn if this was to
hzppen? The secondary control rods will go with it also
becaute they 2re unlatched., So we are exploring
accidents and seoguences up to that extreme, things which
to my knosledge have not been considered before.

All of this is part of the I series, and these
are the activities described over here. We faeel
although there are some questions there and we are
looking at them, we basically have == we are not sure at
this point to devote a measure of technicel effort in
that. However, again I emphzasize if something were to
coeme out as a result of the scoping analysic, we than,
of coursey, will put the whole emphasis here.

2ut classically and cver the past umpteen
years this has been the problem. Pecple have h2d a
great difficulty resolving the loss of flow tccicent.

Sc quite honestly, we felt as 2 starting point and a
real substantial coint we have to put a lot of techrical
emphrasis in the lcss of flow accicent., It makes no
sense to go there and distribute thinly and spread

thinly over & very wide number of things and at the end
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come here and not be able to give you 2 completa story
about anvthing.

So we are trying to lock at the whole thing in
perspective as well as in great depth in the problem
that has been historically up to today and will be, I
thirky, for scmetime to come, and that is the loss of
flow accident. And we believe by deoing that uwe will be
able to assess energetic behavior through all 2f the
other indices. And no one in the team -~ I can
categorically say that == no ore in the team disagrees

with this approach.
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MR. CARESONS On that chart, on p2,e 4y woula
you refer to page 4 in the second paragraph. There’s a
sentence there that says, "Recriticality is used 2s 2
shorty" and something is missing and I would like to
know what it is.

MR, THECFANCQUS: Where are you, Or. Carbon?

MR. CARBCN: Page 4.

MR. THECFANOUS: VYes, recriticality is a
nomenclature. It is 2 name. We 2re referring to
recriticality as the process that produces supercritical
configurations frem disrupted fuel. And we emphasize
this because we also have another process that is driven
by fuel, another process that is supercritical that is
driven by fuel. 3ut this fuel is a fuel that hes not
besn disrupted yoty, and here I°m referring to plaenum
fission gas compaction. So we need to distinguish
betwaeaer those three modes of obtaining superprempt or
prompt bursts.

S0 your recriticality is really a short, a
torminology for describing somsthins.

MR. CARBCN: Okay. Then on down on the same
p2gey the paragraph on down, "we rely heavily on special
purpose analytic . methods and experimental evidence to
scrutinize and guide system code calculations,™ the

point being there that you are saying SAS and SIMMER
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cezlculations do not represent the essence of your
efforts, but rather that specizl purpose analytical
methods and system code calculations will be the things
that you rely more heavily on.

I don"t know what you mean by "“special purpose
analytical methods." will this be coming out later?

MR. THECFANOUS: This will be coming out, and
if by the end of the technical discussion this point is
not here or if you don”t have enough examples, becausa
obviously we did not put all of the examples cf these
type of things in the presentation, then please tell me
and I will 3ive you some more examples.

But this means usually 2 homemade, 2 quick
computer code or a back of tha envelope calculation cor
analysis of & model other than analytical activities
that come in to help interprat this information and
therefore guide the system, And we think that is & very
irpertant soint I want to ¢« :phasize.

Cf coursey as all of us knowy, it“s a very
controversial one. 3ut we have tre philosophy that
those codes here really do nothing but represent our
understanding of a given situation. We don“t expect the
ccdes to give us a8 new understanding, but only to
integrate for us, basically to bockkeep reactivities.

That 1s really the name of the game here.

ALDERSCON REPORTING COMPANY, INC.
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That is something you ca2nnot do in your head.
Yeu have to integrate all of these reactivities and
pcwer historiss, but the phenomenoclogy, what is really
happering, we expect fully that we will get guidance
from the code to give us that., I thirk we have examples
here.

MR. XKASTENBERG: Thecy I have a guestion. In
the material you gave us, you listed the eight areas of
concern.

MR. THECFANCUS: VYes.

MR. KASTENBERG: A4nd in reading your document
I coulen”t tell whether you had resolved scme of them
yet. For example, the first onea I have in front cf me
has to do with the T0P, T-0-P, accident. And I couldn”’t
tell from reading this that the Applicant has addressed
that first issue.

MR, THZIOFANQUS: VYes, the Applicant h2s
addrassec it, 3ill, and we have addressed it. And there
i® 2nother whole part of documentation that gces with
that. And as you will see, our presentation is very
tighty, so we thought we should focus into one aspect,
the one that is historically the most difficult one.

3ut the TOP is being addressed from the point
of view of driving ramps, what are the appropriate ramps

te drive the TJP, and the probabilities associated with
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that., That is being addressed right now as pirt IE 1
tzsks. Given what the Applicant tells us -- and we hope
we will be able to confirm that through the IZ 1 tasks
== but if we assume something on the order of less than
ten cents per second, our team and particularly tre taam
at Argonney Carey, Helmer, Physic and Olsen. *ell us
there’s no problem with worrying about autocatalytic
behavior under TOP conditions.

So in a w2y we have resolved it. 8ut there is
one thing to confirm, and that is taking this ramp rate,
the driving ramp that is given from the Applicant to
us.

MR, XKASTENBSERG: I recall at the May meeting
there was some question raised on the TCP for some cof
the cases where they endad 2t these intermediate
powers. The consultants and the Subcommittee raised
that issue, and I didn“t see it addressed as one of your
areas of concern. 0o you feel that is not zn areas of
cencern?

MR, THEQOFANCUS: Well, nec. This again is part
2f the -- we are going to address that and we are going
tc come out with a technical judgment on this particular
oroblem zfter we have put a reasconable bound or number
on the driving rampy, because that is a very strong

fraction, what it is driving it., and that is currently

ALDERSON REPORTING COMPANY, INC.
440 FIRST ST, N.W., WASHINGTON, D.C. 20001 (202) 828-8300

28



10

1

12

13

14

15

18

17

18

19

21

]

24

25

25

under review under the IE 1 task.

However, it will be considared as part :f what
you s2w in the previous slide, scoping out the
disruption phenomenology. We will go through and scops
it out to see whether that falls into some moce of
recriticality, and if it does we will use scme of the
recriticality results we will hear today t: zsuess
that.

MR. XASTENBERG: Could I 3sk you to do this.
As you run through this, of those eight areas of concern
that you will address today, could you tell us which
ones they are, because it wasn’t clear in reading the
document that you were aciually responding to soms of
those areas. I had to ksap reading back and forth to
Sed.

MR. THEQFANQUS: First of 2ll, the Applicant
18 supposed to be responding teo those arsas. we
examined the aquestions, but we will discuss today
everything in those eight questions that ralztes to the
less of flow 2ccicenty and I think if I remember it’s
all of the next seven. The first is TO? and 211 cf the
rest are loss of flowe All of the rest should be coming
out >f herey and if still something cdeesn’t come from
here please let me know and we can discuss it.

MR. CARBON: Would you flip over to number 7,

ALDERSON REPORTING COMPANY, INC.
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I-7, 1-7.

MR. THEQOFANOUS: VYes.

MR, CARBON: This has to doc with the soccium
void worth values. Would you comment here on, why are
there cifferent values being used here now than have
been used pravicusly?

MR. THEOFANCUS: I think the answer is,
beacause the old ones were not correct. And why thaey
were not correct I think we don“t know. We have to ask
the peocple who developed them.

MR. CARBON: Because uwhy?

MR, THECFANQUS: We don”t know. We would have
tec ask the people sho gave the first figures. All I can
say from our point of view is that this first sodium
worth came up in one of the eight guestions. We uwere
asking the Applicant for the uncertainty in scdium voida
worth. We were interested in this uncertainty and the
correct value of the boundary around it, because as you
know it has a great influence on the potential for loss
of flow-driven transient overoower.

Following this acuestion for the Applicant, we
woent back and recalculated, basically, the numbers and
came up with a larger best estimate volume, as well as
with an uncertainty bound arocund it. However, it so

happened that the uncertainty was reduced by more
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cereful scrutiny of that.

So what we ended up with was a larger number
for the sodium with 2 smaller uncertainty. Now, this
had a very measured eoffect, we balieve, in our
perspective on the whole evolution of the loss of flow
accident. And we tend to agree with the current
vilues. There is 2 relatively small area of
controversy, and I would like to take a couple of
minutes to explain that.

The project calculates a better volume now
that is somewhere around 1.9 dollars. Then there are
experimental data that show criticals, that skow 2
sodium worth of about 1.4. Then the project is using
the experiments tec bias the calculated results. There
is 2 systematic bias in the results. You will hear more
about that in the afternocon from the project.

Therefore, we have to reduce our calculated
velues down to some value consistent with the
experiments. We seem to have a little bit of a2 problem
with this bias. It°s not a real serious problem, but a
little bit of 2 problem of interpretation. And we
haven’t talked to a lot of neutronics experts. Zven
they cannot quite agree with the detail of it. But I
want to emphasize, it really is a detail.

What you will see us using here is a number
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that is a somewhat larger value of sodium worth than the
projecty, but it is not significantly larger. Wwe uwill be
using something like 1.7y and I think you will have a
shole presentation on the subject by the project in tre
afterncon.

3ut the interesting thing to point out here,
as & result of this increase this problem alsc was
somewhat aggravated, because, 2s you will see later,
this problem -~ the faster, so to speak, the core is the
more severe this problem is. And of course, the higher
the sodium worth the faster the core becomes.

Are there any other guestions?

MR, LIPINSKI: <Zl=2=i¢u vaur statement, the
faster the core becomes. Are you talking about ramp
rates or spectra?

MR. THECFANGOUS: Timing between events,
pcwer.,

Are there 2ny more guestions up to Section 2,
including Section 27

MR, CKRENT: I only have one gquestion. Is
there work being done on ex-vessel containment and
in-vessel containment as a part of this task group?

MR, THECQFANOQUS: Chy yes. Now, I can qguantify
this here. The ex-vessel containment means failure of

the primary through a disassembly, as is shown here.
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Everything elsas coming from here or there is ex-vessel
centainment er in-vessel containment, wuhich means we
have a parmanent subcriticality within the vessel.

Nowy from that point on it is the job of the
T¥3 to look at it. So there is another == out of here,
it continues on through another group, another technical
affort looking into thermal margins. We are not locking
into that.

MR. CARBON: I have a question cn that slide.
I have a problem with your center red arrowu, the
dispersal task. The task, what 1s it that is
sigrificant thare in terms of 2 straight line from the
interruption down tc the completey, other than going
thro'.gh the mild termination or the energetic
termination?

MR. THEQOFANOUS: Of course, the sigrificant
pert is that this represents a continuum of disruption
states, and what we want to portray by this picture here
is that the disruption begins to localize at some place,
and we’d find that any place ir the core where the first
clacding hecomes molten, where the structure begins to
changey from that until the complete disruption. That
is the one in which somehcw no matarial moved out of the
core and all cof the material is molten within that

cylindrical confine. This is sometimes knoun as the
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whole core posl.

The core then, the core undergoing & loss of
flow accident is going to experience a continuum of
disruptive states a2s it proceeds from here %2 herae.

Wwhat we like to portray here is, there are paths, exit
paths from this porcess, and this exit pa2th c&n either
be energetic or mildy, normally referred to as the
special.

If you enter the exit path, basically your
enargetic problem has finished. Especially if you enter
it this way, you are 2t the end of energetic concern.

If you enter this way, you still have to ex2mine whether
the primary system fails or not.

The important point, however, is, and you will
see later more clearly, the potential for energetic
disassembly is different throughout these core
disruption states, and the severity should one enargetic
member occury the severity would be different also
because of fundamental physical phenomena I hope will
become more clear later.

Therefore, one needs toc be aware, at what
poinrt coes one exit and terminate the accident all along
thie continuum of disruption stages.

MR. CARBON: Ckayy thank you.

MR, KASTENRERG: Theoy where does the vessel

ALDERSO! REPORTING COMPANY, INC.
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melt-through come in?

MR. THEOFANQUS: That comes beyond that point,
from this point up. Cur review is only for the
energetic events, so after we heat this box or this box
we are finished.

MR. KASTENBERG: It is 2 little misleading if
you don’t have 2 little arrow c~~ing in there.

MR, THEQOFANCUS: All right, we will remember
that.

MR, KASTENBERG: It seems you are making 2
supposition you can hold it in the vessel if yocu take
that, anc that’s not true.

MR. THEOFANOUS: Yes, that’s right,

MR, CARBON: I don”t get your answer to that
questicn, thoughes The ex-vessel containment i. ==~

MR. THECFANOUS: I think what 31ll is saying
is, this is mislezding in the sense that it lea2ds one to
believe that the whole accident is 2all finished and the
materizl is inside the vessel forever. And what I am
s2ying ity in this team we 2re concerned with the
energetics and therefore if we hit this for us the
accident is finished, because 2all we are worrying about
is energetics.

2ut there is another team in the NRC that

gerries what happens bheyond that point, whether it will
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penetrata the vessel, when, Fow, 2nd what will be the
conseguence to the containment.

MR. CARBON: By the same token, the right
block there, ex-vessel containment, indicates you have
already gone cut of the vesctel.

MR. THECFANOUS: That is true also, and that
also does noty I hopesy g9ive the implication everything
is finished, because 2fter you get out of the vessel you
have to worry about whether the containment heclds and
for how long. So up to here is our range or area of
interesty, and there are other steps beyond that pci~t
that I guess other paople have to worry about.

Really, I think I have talked to this slide &as
long 2s I want or need toy, and I cnly show this because
tFke next one, 35 we 3o to section 3 now, will show you

MR. CARBON: Wait a minute. Would you go to
slide 2-2 and comment upon initiator 3?

MR, THECFANOUS: 2-2 is this one. Initiator 3
is the seismic events and the loss of piping integrity.
Here we are looking for =-=- again, that is really
shooting out in the darke. Weo kind of believe that mayhe
people in general “ave not looked as thoroughly as thay
should into what an earthquake beyecnd safe shutdown can

de to a reactory, and we have a number ¢f structural
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people looking into several aspects of the system to
tell us what we can possibly expect.

And if there is a phenomenoclogy, again, if
there is a set of physical phenomena that is too widely
different from what we are already considering, we would
like to address that. It doesn’t mean naecassarily that
they will become 2 very sigrificant risk contributer,
3ut we like to be as complete as we can.

And this also, piping integrity, is one of the
accicdents that have been lookec at a little bit in the
past, again I don”t think in as great detail as threy
should, and somehow this is connected to structures and
seismic events &nd that is why it is part of it.

MR, CARBON: On to number 3, I guess.

MR. THEOFANOUS: Number 3 is just an example
of 2 sample task defirition. Really, there is nothing
to say there. It’s self-explanatory. But to give you
an idea, 2gain, we knew what we were looking for, so
that when the probability was unlikely we knew already
because we had done it already.

At the time this was written, we knew the
autocriticality behavior was demonstrated to us to be
unlikely, and the project had done their indepencent
analysis already and they knew what to expect. 3ut ue

hea a few loose ends to tiey so tec speak: and tnat is
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why the imperative nature of this objective. And as it
turns outy, in fact, it is correct.

And I guess maybe it would be worthehile to
highlight the current status. &Ko have reached a
consensus within the team on the approach, the
monitoring plan and the tasks. We have reached
censensusy, we belisvae, with the project on crucial
points of assessment., We have essentially completed the
loss of flow accident, and remaining is to consider the
I tasks.,

We 3ra working con them now and plan to
cemplete them very soony and then document all of the
det2ils. Now we are going on with the 3-1, and this
lecoks exzctly the same a3 the frameuwork that I gave you
fer the management plan, except for having discretized
this continuum,

We have discretized it into two. If one is
cenfronted with a continuum, there’s an infinite number
of points and combinations, anc analysis can never be
done. We believe we can identify certain stages of core
disruption that are significantly unique in their
structurey, that can be addressed generically.

As we go there from the pin disruption, which
is addressed over herae, the next stage is subassembly

disruptiony and this process continues on with pins
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melting and disructing, but with the subassembly walls
being more or less intact. Now, cbviously not all
subassembly walls are going to melt in exactly the same
time, so the transition from this stage over hare to the
next oney which I will explain in a minute what it is,
will be somewhat confused.

However, we have a highly discretizeda core
disruption stage over here and we believe the next
significant state to be addressed is this annular pool,
which I am going to show you, is I guess dictated by the
structurey the heterogeneous structure of the CRSR
core. What we have here is the driver, three driver
ringsy the inner blanket region, the ocuter blanket
regiony, and we have driver fuel interdispersed into ths
internal blankaet.

Cbviously, there is z very great difference in
pcwer between the driver and the blanket, and we expect
the driver assomblies will go first and their walls will
go first, in fact. And if it was only for thermal
effects == in other wordsy, if we let the blanket melt by
its own power =-- this would take somewhere upwards of
ten seconds.

In facty we believe that in reality it
wouldn®t take that long, because these blankets would be

attacked frcm inside and outside through those driver
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fuels and will be then made into disrupting pellets,

mixing and melting.

than ten seconds.

That will happen in some time less

3ut in any casey there is some delay between

the formation of an annular pool and what is known as

the whole core poocl,

which would involve this whole

region, molten and mixed upe. That would ze then 2 full

cylindrical pool.

MR. CARBON: Hold up @ minute. I am having

trouble relating to your sketch, which is different than

ours. What is the blue?

MR. THECFANCOUS: The driver fuel.

MR. CARBCN: B2ut that’s not right, is it?

MR, THECFANQUS: Excuse me?

MR. CARBCN: It doesn”t seem right compared to

-= ohy the blue and the white together.

MR. THECFANCUS: Of coursey, not the white in

here. But I want to emphasize here the annular

structure. This white here is driver, inside the inner

blarket.

MR. CARBON: I was trying to separate the

white from the blue and you lost me. Would you go back

and start again on these pools?

MR. THEJFANC!IS: Yes. Thaese are the three

outer driving rings,

and this is the driver fuel
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centained between the outer blanket and the inner
blanket. The inner blanket itself is interdispersed by
driver fuel also. S0 when the =-- beczuse of the
difference in power between the blanket and the driver,
the driver is going to melt first; and therefore,
furthermecre, the blanket will delay. If it were to melt
only by its own powery, it would delay by something on
the order of ten seconds. We believe in fact the
disruption of the blanket would be faster than that.

3ut nevertheless, there is a lot of thermal
inertia here and it will take time before all of this
becomes on3 big cylindrical pool. That is what is
classically known as the whole core transition phase or
a number of different names, and that would be the case
if you had a homogeneous core, for example, this case,
yeu go first through the annular pool and the last stap
is the whole core pool, as is shown over here.

Nowy we believe that it is legitimate teo do
that. It is not only practical from the point of view
of having to deal with discrete states; we believe also
it is legitimate because there is a weak memory in the
system in going from one state to another. What I am
saying here is, through the initial phase disruption,
the initial stages of fuel disruptinn, the system is

more or less deterministic. Still, it can have some
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probabilistic behzvior, but it is pretty well
deterministic.

8y the time the fuel begins to move, the fuel
motion so strongly affects the power of the system, the
power history, that from that point on we believe that
the time from one state to another is someuwhat
disconnectad, with a short memory. This is not tc say,
however, that if one were to lose, as I am going to
argue fcr later on, if one were to lose five percent of
the fuel over here, this is not to be remembered later
ony because thare is less fuel to go around and that has
significant impact cn the reactivity potential and the
recriticality potential of the system.

MR. CARBON: In your concept, an annular pool
would be essentially sort of a pool within the core.

MRe. THECFANQUS: It would be really a part of
the core. The core is defined as -- I guess I would
define it as this whole thing.

MR. CARBON: VYes.

MR. THECFANCUS: That is all generatng power
and it has a cert2in amount of fuel in it, However, uwe
separate the core into two parts. One is the driver and
that produces most of the power, and the other is the
olanket. S0 the annular pool then would be an annular

space there that is within that ccre region. It will be
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part c¢cf the core.

MR. CARBON: B2eing molten over some cistance,
some height, such as the fluid or =--

MR, CARBON: Typically, that would be really
almost the whole height of the reactor fuel, ztout three
feuot about the middle. S0 this pool has the cimensions
of about a meter by four subassembly wheels, something
like that.

Ckay. Nowy I want to get into the real
controversial --

MR. CARBCN: Before you leave that, what is
the significance of tha small A, By Cy Dy E? QCces 1t
have any?

MR. THECFANOUS?! This is just a keysy 2 key
with what is written in the uwritten part, Section 3.4,
for examgley refers to this oney B and C refer to this
oney and C refars to this one.

Maybe also T would like to point out here that
thie is a continuum 2f states 2ll of the way from here
to here; while those two are processes. So those tuwo
processes are allowing to bypass a number of states. 1If
you enter those axes you 3¢ straight from whatever state
you enter all thae way to the endy, and that is permanent
subcriticality.

This with the CRBR core means removal of
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upward of 40 percent of the active fuel in the core. Wwe
feel really it is closer to reality to think in terms of
3C percenty, because if you consider also the timing and
what the blanket is doing in this period of time 2nd
what the still is doingy it°s more like 30 percent for
the range of interest. 3ut something like 30 or 40
percent leaving out ¢f the original core confine would
mean that is the termin&*’on of the accident as fzr as
energetics are concerned.

Also, maybe I should point out that these
little letters hare are just tc identify the paths and
to identify that we have one path going into disazssembly
from the initiating phasey the initial disruption, and
then there is a path over here showing that some
pertiony, a proportion of those disassemblies, are going
to lead to failure of the primary system, and all of the
rest of them of course will go this way (Indicating).

So if you want to be exactly precise, I didn“t
plot it here but this part here should also he four,
alpha, beta, gammaz and delta. So here wa wrote, alpha,
beta, plue gamma, plus delta. S5So this hour here is
cemplementary to those four hours over here.

And we are showing =-- another point to make
here is, we are showing four hours, bhecause, 2s I said

before, the potential for doing damage to the vessel is
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a function of whars you are disassembling from. So we
will take a separate look at these assemblies from each
one of those different states.

The next is getting us into the real
controversial aspect, I expect, of this presertation,
and that is talking about probabilities. The way that
we view our task is to come here in this very general
frameuork, which is pretty generic to core disruptive
accidents, and put numbers on those arcs, and by doing
all of the multiplications and some measures %o ceme up
with 2 vessel failure probability. And that is a
conditional probability, given a loss of flow accicent.

Nowy we know this is a very difficult thing to
de and I know there are people who might in fact doubt
our ability tc do that. In our presentations of this --
and we have a cougle of presentations up to now == we
get mixed reactions. There were people who wanted to
see whole aistributions, not only freaquencies, not only
single numbers in each of thosesy but they wanted to see
whole cistributions. They saidy if you don”t kncw the
whole distributions you can”t put a number there; that
means you krow nothing. There were other people who
s2idy you cannot put numbers or distributions bhecause
yeu don’t know encughe.

Wwe undarstand those limitations and we try to
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440 FIRST ST, N.W., WASHINGTON, D.C. 20001 (202" ¢78-8300



10

11

12

13

14

15

16

17

18

19

21

24

25

v

explain some of that in the written summary here. All I
want to say is, we understand it is a very difficult
jebs However, uwe #lso beliesve very, very strengly that
scmeone has to start throwing some numbers 2rcund. wWe
have tc put numbers, laave tham up for discussion and
criticismy, and if someone has & better numher to put
there we are willing tc discuss it.

Howevery unlass you have numbers you carnot
have a quantitative idea of what’s going on here. The
problem is that you have mora than one path and you have
more than one ster that gets yocu into the vessel
feilures So 1if you 3o qualitatively describe each one
of those steps ancd say, I believe this is very unlikely
and that is strongly unlikely and that is possible, then
there is no way you c2an multiply all of those words and
ccme up with numbers at the enc.

So we had to have 2 way of coming tc the
bettom liney and in fact I believe that some of the ACRS
Subcemmittee members through telephone conversations
have specifically asked me for such numbers. S0 we‘ ve
made 2n effort tc do that here, and we would of course
greatly appreciate your comments and criticisrs.

In doing thaty; we tried to keep a certain
degree of consistency. I think that the choices we made

might not be agreezble with everyone, but I would like
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to emphasize, first of all, that 2s you lock 2t the
numbers we are going to give you in the conclusicen
sectiony it is very, very important to remember that ue
assigned those numbers on the basis of the following
definitions here.

We have cdefined, first of all, a2 sat of
probability splits, so to spezk, so we att2cr sonme
meaning to those numbers. Therefore, the and results
should be interpreted in terms of those meaninrgs.
Againy this beceme necessary hecauss we have to follow
sequences or steps which involve more than one in these
probabilities. If it was only one step we were worrying
abouty it wouldn®t be enough tc make any of thcse
statements and we would be finished. But here we
involve more than one step, sc we have to deal uwith
multicliers.

Therefore, as we look at those meanings it is
important to lcok at consistency. For exampls, if you
had one event that was one in ten because the bahavior
was known within known trends, but was obtainable only
at the edge of spectrum choice of the parameter, and if
this process was followed by one whose behavicr was
reasonably known, but you could only get this garticular
behavior by making choices of the parameter values

outside tha spectrum you considered reasonable, tren the
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segquence of those two processes together gqualitatively I
think should be something close to being incredible.

Therefore, this seams to be consistent,
That’s why we chose the number one in 2 thousznd Ferae.
I think that is the main point. Someone might rezlly
disagree with that and say, hou can you assign such a
nign probability to an incredible behavior., If it°s
incredible it will never higpen and you should give it
zZero.

Cf coursey obviously Zerc never exists,
Hcwever, for the purposes cf being consistent here uwe
thought we wanted to stay at this level. So one way of
looking at that is, maybe one in one thousand is 2 very
pessimistic way of looking at the credible things,
meybe. Eut cne thing I want teo caution you: Incredible
-=- when you do 2 PRA and you lcok at the front end of
the spaeactrum of those accidentsy, you have a different
data base. You werry about machine failures and you
have a good data base for that. The meaning of

probability is something much more gquantitative there.
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In this general framework, an incredibility, a
phenomena increcible deserves to be given a phenomena
much less than one and in f2ct less than 1 in 1000. So
you want to emphasize you have to be careful between
tzking numbers in the front end and multiplying with
numbers over here to get 2 whole perspective.

Cn the othaer hand, this is not to szy that
this is not meant to 3Jive you a quantitative feeling of
what you believe the bottom line will be. Rather, what
we are doing is cautioning you and saying that you look
at the bottom line and leock at the number and go back
and reinterpret that in terms c¢cf this, and now carry
that interpretation over to your PRA as you look at the
front end and the tail end that has to do with the
containment failures to put a number for this step going
from loss of flow accident or CDA to vessel failure.

MR. KASTENBERGS Thacy the only thing I would
like to comment on that is the one-half. Do you really
mean what you say, or do you mean that I have two
choicesy and I really have no evidence to supgort one
choice or the other; therefore, I give it a half?

MR, THECFANCUS: That is exactly what I mean.
Trank you, 3ill.

MR, CASTENBERG: It coesn’t say that,

MRe THECFANCUS: Thanrk yous 3ill. That is
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also & controversial aspect. In fact, one car make the

argument here that if you have enough steps ir the path
and if you don”“t know anything along the way, by pgutting
enough one~halfs there you can convert total ignorance
into something that you think you know something.

Andy of coursey, I have bean for a long time a
real opponent of this kind of approach, so we have baeen
very careful in that respect by making an event tree
that has a discrete and small number of steps so we
den“t fall into this.

And furthermore, as you will see, we only had
this one-half == it aopears only at one line nea2r the
andy and that is the whole core pool. By the time you
get there already the probability is so low really you
don“t care what you put there anyway. B3ut we’ll come
back to that,

The important point 1s that the only place
whore these numbers show up in the end, in the
conclusicn is in 2 state that we don’t believe,y, and the
numbers support, we will ever get to. And probably that
is the reason we know so little about it. And so the
ore goes with the otrer, and that is why we s2y we will
give it an even chance to go either way.

MR, CAR3CN: That is the only place the one

and two comes in?
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MR, THECFANCUS: That is the only place it
shows. It shows going from the cylindrical pool to
termination or disassembly. And there wera scme recent
questions arising from similar calculations in whele
core pools having to do with sloshing and cohaerence;
that we feel there’s enough uncertainty thare that we
den’t want to weigh more the dispersal 2s opposed to
disassomblyy so we give it 2n evenr chance.

MR, CKRENT: 1Is it important that there be a
scdium pool above the core region in order to damzge the
primary; contzinment?

MR. THEZOFANQOUS: Well, the sodium slack is the
means by which you focus the thermal energy into
mechanical work. VYou focus it all in the head. It is
very important, and you can see that in experiments. If
you do one of those axperiments, if you get half bigger
than the other oney, you get much less impact. It’s very
clear.

Someone might say why don’t you fill it up
completely, but of course you can“t do that. The slag
of sodium is important in focusing the energy.

MR. CKRENT: 8yt if there were no socium above
the core =~

MR. THECFANCUS: VYes.

MR, CXRENT: == Do you have 2an estirate as to
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how severe 2 transient, how much energy release you
would have to have in order to threaten a loss »f
containment from the primary contazinment?

MR. THECFANQUS: This aspect we in fact intend
to go inte. BSefore the vessel you have another
enclosure. It is almost like & cage. VYou can almost
view the core as being enclosed in a cage with very
streng structural components.

So raally your questiony, and as you will see,
we are going on the path now that really the
energy~-absorbing and really the one giving us most of
tha margin is that inner bzgy to so speak, rather than
the whole bag surrounding it.

So from that point of view what is happening
outside is not raally all that important, although if
you were going to oxceed a certain level of energetics
that we think is pretty high, then of course my tendency
weuld be to say that in that eventuality of course you
would be violating the bags. And in that svent if you
didn’t have the scdium on the topy I think the effects
from the head would be less prcnounced.

Cn the other hand, you could be == I can
conceive of piercing holees through the side wall by
direct impact of the molten expanding stuff ard hitting

directly on the side walls. 3ut 1f you lock 2t the time
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scales involvaed here, I think even that would Le
doubtful.

Soy in general, in regard to your guestion, I
personally feel we didn’t address it in the group, that
eventuality, because it°s part of the loss of heat sink
failure. And if that were to hapgen, I think the impact
or the head would be lass pronounced. There would he no
realy direct meachaznical damage on the hesad.

Cf coursey if you go to extremes of jetting
very, very high erergy limits outside the realm of
pessibility, you could bha generating the whole UIS
itself moving up with such great force.

Nows this goes and hits up the top of the
vessel, but this can happen just 2s well when the sodium
is there.

MR. CKRENT: Well, has the group developed an
assossmont of what is the limiting reactivity insertion
rate or whatever criterion it wishes to use for
accidents where you no longer have sodium above the
core? Ard I'm not sure I woulz use only limiting
reactivity insertion ratey in fact, for that event.

what I have seen in here is a number like $100
2 second as sort of a threshold or the event chere you
do have sodiumy, .f I understana what I read.

MR, THEQOFANQOUS: VYes, that is correct. And
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the answer to the cuestion is we have not comcleted =--
this is part of the I saries. We don’t know how 2 loss
of heat sink accident, if it were to lead us into
energetic behavior, we don”t know what the thing would
lecok 'ike. WwWe are now scoping it ocut.

Nowsy if we find out that we are in 2 situation
of having i1he core highly disrupted and potentially
becoming supercritical with no sodium involved, we will
cortainly lock into that. I think, however, that you
have no mechanism cf transferring the energies. The
whole thing going with the water reactors, if you don”t
have the slack there you might get some limited steam
explosion which does nothing to produce missiles for
youe. You don‘t have the energy coupling.

I think in that sonse if we were to evaluate
this casey the result would be allowing greater
energatics, so to speak, by the primary system. You
have no mechanism to jet that energy convertecd back to
impact.

MR. CKRENT: You might have some weakened
structures tempera2ture-wise. I don”t know how important
that would be.

MR. THECFANQUS: That certainly would be the
case, and that is exactly what we were concerred with,

in fact, that the structures weaken so much they run
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away from you.

We think 2 loss of heat sink accident is
pessible. Tre whole vessel might be creeping under high
temperatureis, and you might get some structural failures
before even you have sodium boiling, much less after you
veporize all of the soaium. 3ut we need to look into
trat,

That is again part of the I series. Today we
are focusing only on the loss of flow accidents.

MR. CKRENT: And just one last question. Are
there any mechanisms physically possible whereby you can
drop down in sodium level a la TMI and then get sodium
back in at a reascnable rate?

MR. THECFANCUS: Not that we have identified.
Zven the pipe break will get you a limited inventory
loss.

And now then we begin Unit A which {s
addressing some of those auestions of disassemblies and
energetics. We thought we would start from tkat point
because 2s you look for an energetics assessment you
need to have an idea of what you are looking for, what
kind of level of energetics would be of consecuence to
the primary systam.

We define as an energetic terminaticn one

dominatec by 2 ramp rate of greater than $30 per second,
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and that is in a two-phase fluid. And why I make a2
scecial effort to qualify that you will see in the next
feuw slidas.

If it is a two-phase fluid involving fuel you
will need something more than $30 per second to produce
tte few bars of pressure in a short time scale, a faou
millisecondsi therefore to categorize it or identify it
as an energetic evant. And to obtain this kind of a
reamp rate you have to have rapid material relocations.
Trat is what will change the reactivity of the systems.,

There are three materials in the core:
sodium, cladding and fuel. And they, of course, they
have worths; they have reactivity worths., And their
rapid relocation could give rise potentially to these
kinds of evants.

For the sodium, for example, reactivity, the
whole core sodium reactivity is something less than §$2.
In order to produce an energetic event by removing the
sodium from the core you would have to remove it less
than .07 seconds. This is a very good example of uwhat
we consicder an incredible event. We know positively, we
can argue tocday, that this can’t happen, althcugh there
was at one time == I remember when I was still going to
schocl that this was in fact the way LMFBRs were

supposed to aisassemble.

ALDERSON REPORTING COMPANY, INC.
440 FIRST ST N.W., WASHINGTON, D.C. 20001 (202) 628-8300

56




10

1

12

13

14

15

16

17

18

19

21

P2

25

The idea there is the sodium is heating the
core. It is heating, heating, heating and supe~heating
without being able to boil. It reactes a high hezt of
superheat, and it produces 3 voiding. And, of course,
these kinds of rates are not out of the quszticn,

Kowever, we ve had extensive experience tince
then that indicates that such voiding is impossible.
The same thing with cladding here.

MR, CARBCON: Before you lzave that --

MR. THEOQFANOUS: VYes.

MR. CARBON: == I appreciate that the
consensus is that that kind of voiding would te
essontially impossible, but I would s*till ask is there a
residue of opinion liks in the fuel coolant interaction
case where some people feel it is possible, or is there
no residue of opinicn:

MR. THECFANQUS: Are you thinking in terms of
getting sodium voiding through a fuel coosling
interaction?

MR. CAR3ON: I am saying a2re there scme penrle
who believe -~

MR. THECFANQUS: The question of FCI, yes, I
think certainly there are scme pecpley arnd I think in
fact there will always be scme people who will 2luays

feal you could have a fuel coolant interaction.
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MR+ CAREINZ Noy noy not fuel coolant
interaction =-- superheating triggering a vaporizatione.

MR. THECFANCUS: GChy I haven’t heard of any of
these people since the last time I was in Surcpe a few
years ago.

MR. CARZON: So there are no people?

MR. THECFANOUS: I don“t think there is
anyone. 3ut if you do an experiment in a laboratory and
take 3 spocial precaution that involves pressurizing the
vessels -~

MR, CARBON: VYes,y, I know.

MR, THECFANQUS: == Then of course we can get
it. You can get very high superheats.

MR. CARBON: B2ut in a practical case like this

MR. THEQFANCUS: No.

MR. CARBCN: == There’s no significant =--

MR. THECFANQUS: Noy because you can point to
a very large number of data in piley, out of pile,
anything that looks remotely like an LMFBR bunale has
never given tham superheat.

MR. MARK: Theoy is there essentially
uriversal agreement on that first statement, that the
sodium werth is no more than $27

MR. THECFANQUS: For the CRBR,; yas. I’m
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referring to CRBR nowy everything I say today.

MR. MARKZ Qhy of course. For the cresent
design?

MR. THECFANOUS: For the present design, yes.

MR. MARK: Zveryone feels this applies?

MR. THECFANQUS: Yes.

MR. MARK: What fraction of that $2 is carried
by Jjust heating the sodium from its nominal running
temperature up to boiling temperature?

MR. THECFANOQUS: I would suspect & very small
fraction because that is total void. That is actually
taking it out.

MRe MARK: I realize it. If you Jjust heat it,
howevar, you take some out.

MR. THECFANQUS: That’s right. I would expect
it would be on the order of 10 percent. Just looking at
the density variation I would suspect 10 percent.

MR. MARK: Ckay.

MR. THECFANCUS: 3ut you remind me of an
interesting guestion. I think someone asked me on the
telephoney one of the subcommittee members, what if the
cere is different. COf course I want to emphasize
everything we are going to say refers to the core that
is before us for reviewi and if someona at a future time

wants to put up another corey it would have to be
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reviewed, I fael, ex2ctly the same way we do for water
reactors. And if there are some benefits the. °y of
course, go akead.

MR. CARBON: The wording in the recort says

that the maximum sodium void worth is well below $2. 1Is

¢
‘.

the .07 seconds based on $2°

MR. THECFANOUS: That is based on $2, yes.

MR. CARBCON: Ckay.

MR. THECFANQUS: Now, the cladding is around
$§5 total reactivity. It would take a time of removal of
the clezdding of tuo-tenths of & secondy, and we believe
that is elso truly incredible. We have no problem
assigning to that the probability of 10-3 or aven
less. However, why this is improbable I think you can
really appreciate that. I will speak about cladding
later cn.

The fuel worth is §1 per centimeter. If you
tzke the whole core of the CRBR and compact it by one
cere all the way acrossy you would increase the value by
$1. Therefore, if you were to make this compaction at
the rate of 3C centimeters a second, that is what you
weuld need to oroduce $30 a second.

Nowy this kind of velocity is not somathing
very dramatic. It°s gquite a bit less than you would be

obtaining 1if you let the fuel melt and Jjust slump under
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its own weight., Therefore, from the point of view of
energetics, this is the primary reactor. This is the
meterial which through its relccation can give us an

energetic avent,

MR. LIPINSKI: What is the total worth?

MR, THECFANQUS: The total worth?

MR. LIPINSKI: Yes. VYou have it only per
centireter. What’s the total upper limit?

MR. THECFANJOUS: 0Ohy, 1it°s a lot. I thirk the
whole core is $140.

MRe LIPINSKI: Completely compacted.

MR, THECFANQOUS: Completely, yes. So I think
this is taking that into consideration, because wall
before that the process would be disassembly. 3ut you
can see why this grocess can be.

Charlie.

MR. BELL: I think there might have been a
misunderstanding en that last answer. The total
compaction would ke $20 to $40. The total fuel worth is
'ike $140 to $150 if you removed it.

MR, LIPINSKI: That’s why I wonderec, because
he had upper limit numbers in the case of sodium and
cladding where he didn”t put an upper limit in terms of
the fuel worth,

MRe THECFANQUS: Eecause here I couldn’t take
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37 minutes per second., I know I cannot compact it.

MR. LIPINSKI: If it were less than $1, it
would not be 2 concern, but if it‘s greater than a
dollary it is,

MR. THECFANQUS: Noy noe. It°s a dollar per
centimeter,

MR. LIPINSKIZ I understand that, but if you
hed only less than a centimeter of motion it would be of
concern. -

MR, THECFANCUS: Well =--

MR. LIPINSKI: You are assuming it°s alresady
greater than §$1l.

MR. THEZCFANQUS: Noy noy no. Even if it were
50 cents per coentimeter it would be of concern.

MR, LIPINSKIZ Total worth, not incremental.
It you could only move it 2nd get half a dollar ycu
would not be concerned with the phenomena.

MR, THECFANOUS: All of the fuel?

MR, LIPINSKI: VYes.

MR, THECFANQUS: Slump it all of the way
dewn? Of course.

MRe LIPINSKIZ: That’s why we need to know what
tre total number is as well.

MR, THECFANQUS: VYes. We wouldn’t Fave any

problem if that wa2s the case. That is the only actor,
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therefcore,y, that can give us energetics. However, this
is not to say that those two material relocations are
unimportant because they set the stage in which the fuel
metions take place. And what is the power level at
which time, for example, the fuel begins to move is very
important on the cirection as well as the intensity of
fuel mction.

In addition to those material relocations one
also needs to take into account significant negative
irpacts which help set the stage. That’s of course the
Oopplery, the 2xial expansion. This is axial expansion
of the fuel pins why they are still integral. As they
are heated they want to exg nd. That is a very
significant negative feedback. And of course, finally,
the vapor and fission gas pressures that induce fuel
motion. And typically this fuel motion is dispersing
which leacds to less reactivity.

That is why I classify this as negative
feechack, We have to say more about that later.

In addition to that, to put these worths here,
and this philosophy reguires as a minimum ~-- to get
erergetic events int-: a proper perspective I think we
shtould mention that the whole core is made ocut 2f 156
drivers, 156 subassemblies containing fuel, and their

power distributionsy, and their flouw distributions. And
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each of the subassemblies behave differently than its
neighbor. The timing of eventes is different.

Therefore,; when you look at the figure cf §1
per centimeter, yocu need to remember that not all
subassemblies are going to be moving at the same time.
This we refer to as intersubassambly incoherence.

In addition, we think within each subassembly
we have 215 pins, and each one of those pins within the
subassembly will behave differently than the next one.
This is true evan in hcmogeneous coraes in which there is
no mass power toting within the subassembly, Beczuse of
the wall you get cooling near the end.

For this core over here you have up to maybe a
30 percent powar slump acrcss the subassemblyy so you
will have a significant timing or delay differenca,
timing delays within a2 subassembly. We refer to that as
intersubassombly incoherence.

When it comes down then to each of those
processes, we need to worry about both of those aspects;
and we will see scme examples of that.

Nowy here we have a little illustration of an
energetic event. We had some cuestions from
subcomrittee members as far as how rapidly the pcower
risesy how ranidly the pressures develop and so on,

Here is a typical two-phase assembly from a driving
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reactivity of §50 @ second. You can see the cower rises
quickly to 4,000 times nominal, and very quickly also,
within the matter of 2 few milliseconds, goes back down
to zero.

We say that the core disassembles in this
c2se. This was done for the CR3R corey, and the
disassembly comes about by negative feedback from
Ooppler and by negative feedback from the primary one of
shutting down fuel motion. Fuel must move outwards from
a high worth to a low worth in order to produce the
disassembly. The pressures risey; in this case to a 100
bars in the center. 32ut this is a high flux region.
This is @ very localized place. And very guickly they
drop as that expands, as it pushes fuel out. Anc it
comes out eventually within a few tenths of a
millisecond to something referred to as a gquasistatic
pressure.

As far as doing damage to the structure, this
is what is significant. Here we have shown the
variation of the peak pressure and the average or
quasistatic pressure 2s a function of the ramp rate.
what is intere=*ing to note here is this scale is ten
times more than that, and there is roughly one orcer of
megritude differance between the high pressure and the

peak cressure and this ~uasistatic cressura.
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What you see here and the thought I want to
leave you with frem this slide is it takes about $100 a
second to produce about & hundred barss, a hundred
atmospheores. I rcund it out because 1t°s esasy to
remember 100 for 100. In reality, 1t°s more like 75.
And that is also # function of how can wall and steel
mixing with the fuel and heat transfer between the tuwo
materials, how that can bring the pressure to even lower
limits.

Was there a question?

MR. CARZ2ON: I have 2 question on thre second
slicde there. It indicates there are one or tuwo
calculations. I would like to inguire how closely can
you come to coming out with the same general results if
you did this on sort of a back-of=-the-envelope kind of
calculation.

Isn“t it possible to carry out an estimate
that you know would be in considerable error but maybe
within a factor of two or some such thing, the result
yceu get theve; -~ are you flying strictly on the hasis
of the code calculation result?

MR, THECFANOUS: I understand the thrust of
yeur question, and I think we have made some efforts in
this cdirection == how much confidence do we have in

trese numbers beirg produced tty SIMMER == and I want to
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address that. 1In fact, 1t°s the next vu=-graph. Let me
put this upe.
One effect, in fact, that is interesting and
that is the one in the letter Cr. Ckrent referred to
before is if you have a single-phase fluid the fluid
ugon heating in 2 fluid disassembly expands very rapidly
because of thermal exmansion and gives you very ranic
disassembly. And people who have heen doing
cglculations using various codes =-- and we have a number
of them around == thay have been accustomed =-- they
almost came to believe you can get any energy out of the
fuel no matter wh2t ramp rate you impose on it.
On the other hand, there are people doing
similar calculaticns with two-phase fluids, basiczlly a
teo~-phase core, and they found out they are able to
produce enough energy in the core by something like $50
or $100 per second. So for some years there was 2
discrepancy. ‘
We wanted to investigate that further and give ‘
you an illustration of what is controlling and why there
are such differences of opinion. After that I will ccme
to another intaresting result that came out as 2 result
of this exploration here that I think you will like.
First of all, then, there to illustrate the

effacts first and to tllustrate the bhasically bottom
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line, the bottom line is there’s no difference in ccdes
because basically the process is so funcdamental. It is
as fundamental as F = MA, You have such and such
pressure. You will produce such and such more as long
as the code does not do drastically somathing wrong; anc
one certainly knous that if the code is as wrong as not
being able to calculate motions.

The real difference is because peccle were
deing calculations using differant material
cenfigurations, and we wanted to illustrate that here.
We have two test cases, one-dimensional disassemblies,
one-dimensional disassemblies. In this case we allow
the whole core to be compacted so the whola thing is
liquid.

Nowy we know we can’t do that neutronically
Jeceuse it would bey well, supercritical before that.
3ut this is a calculation purely hydrodynamic. We
impose 2 power pulse which would resemble one of
disassambly. It goes up to 8,000 normal power within
one millisecond and then goes back down to zero within
another millisecond. And then we tried to see how the
two one~dimensional systems respond to this tc tower
pulsa.

From this and from the knowledge of how much

fuel removal we must have in order to produce shutdown,
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we can identify any real differences in behavior betuween
those two systems as far as energy-absorbing

cepability. So here then we are indicating that it will
take 2bout two kilograms per subassembly to move from
the central half of the subassemblies in order to reduce
neutronic shutdgown.

We have 150 subassemblies taking out 2
kilograms each, sc that means 200 kilograms ovar the
whole core. That means the whole core == the half of
the core has a volume of about 1.5 cubic meters. That
means we have to have a reduction by 200 kilograms per
cubic meter ovar the whole core similar density in order
te achieve shutdoun.

Let”s seoe in the single and two-phase
celculations how much time it took to produce this kind
of reduction in density. Here is the single ghasa.

This is the initial density distribution. It is almost
77 or 7800. wWithin 24 milliseconds already the density
has drcpped by 100 kilograms per cubic minutes. Within
«% milliseconds it°s well beyond. You see, it goes from
77 down to belcow 743 so that within .8 milliseconds 1if
this were an actuzl core undergoing disassemibly it would
heve long been shut down.

Cf coursey, the reason for this is the whole

tring is singla phasea. The pressures are very pecked
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and very guickly develop to 40C bars, 400 bars, and of
course push the material upe I alsoc need to indicate
here there’s a change of scale; so whatever mases has
ceme down from here has to show up over there. And the
reason it doesn’t show as big is because there’s 2
change in scale.

Nowy looking at the two-phase disassembly, you
start out from a smear density about half as much as the
single phase, about 4,000 and, look, 1.6 milliseccnds
lzter the density has hardly decreased by 100 kilograms
per cubic meter. That means this core now, if this were
a core disassaembling, would be still absorbing energy.
It would still be before shutdown. So that is a
fundamental behavior.

You see here that in .4 milliseconds here we
have 400 bars and here we have almost nothing, so there
is no pressure to push it because here is the pressure
hes to come from vapor pressures, and of course you have
tc heat it up before it gets there; while in this other
case the pressures come Jjust because of thermal
expansion which is present right from the beginninge.

That is better illustrated I think PFare on
this slide where you csaw for a sirgle chase the slide
shows mass expelled from a single half by cross=-plotting

results like this. It gives the energy absoried, how
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much energy will you put to the central half in order to
produce so much mass to come out.

And what you see here for a single phase you
only need about 5 megajoules per subassembly, while for
2 two-phase you need almost an order of magnitude
higher, almost 25 megajoules. That means a two-phase
syster will absorb more and more energy before it can be
self-heating enough or self-pressurizing enough tc shut
deun.

So basicallyy, then, another interesting thing
we did herey because for a2 moment we suspected that we
might be getting such delays in the two-phase
disassembly because our two-phase modeling in the
celculation was such that allowing vapor to slip through
and not carry with it fuel, ancd of course the liquid
fuel removal is the one that carries the reactivity void.

So we did two calculations: one in which we
allowed the nominal slip we are a2llowing in the core;
and in the other one we made the slip essentially zero.
We made them behave homogeneously, and we got exactly
the same result. So basically the net result here is
that this is as fundamental as F = MA, and we don”’t
really have any great doubts about this behaviocr here.
As long as you can calculate correctly the mass

displacement because of forces =-- and I thirk that that
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is again very funcamental -- the next missing part of
the lirk == not gquite missing but the next thing you
need to know is hcw much reactivity change will follow 2
given displacement of mass. And, again, neutronically
we have very high confidence that we can do it auite
well, 2nd in fact, symmetry is the state-of-the=-art tool
in doing the job.

The bottom line then is probably those 2re as
gecod @ disassembly calculation as you can get today.

MR. CARBCON: I guess I'm still left with
questions. It may be as good as yocu could get.

MR. THECFANOUS: And sufficiently gcod.

MR. CARBON: I would still like to 2sk, going
back to Chart 4, could you without using SIMMER come up
with some numbers that would be in the same bzllpark?

MR. THEQOFANOUS: Yes, we could come up with
numbers, for example, using other codes, using VENUS or
other disassembly codes.

MR. CARSBCON: Totally indepencdent, tctally
serarate?

MR. THECFANCUS: Totally independent, yes.
Those were done in the early days of developing SIMMER,
As I remember, they were done independently of the
people who developed SIMMER, because I remember in those

days I was involved with the NRC statf in reviewing the
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FETV and the early CRBR, and they were c¢oing independent
assessmonts and calculaticnsy and it was pretty gecod.

Now, you can”’t really do that, Max, back of
the envelope, because if you could we would have cone it
already. VYou probably can do it if you were patient
enougzh, plot scme numbers for the single phase, but it’s
more difficult for the two-phase tc do that by hance.

MR. CARBCON: I appreciate that back of the
envelope is mislezdingy but could a person sit dowun and
in a8 week or so =-

MR. THECFANOUS: VYes. I feoel if you sit doun
and you are willing to punch a few numbers in a
computery you could do it yourself.

MR. CARZCNS: And come out with good numbers?
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MR, THECFANCUS: Now we naeed to relate this
pressure element tc the potential for doing damage to
the vessol. And here illustrates cramatically the
vessel configuration. And this is the box I was
referring to before. This is like a cage. The core
support structure is a2 very sturdy one. GEveryone tells
usy all the structural experts tell us, that is the last
thing that will fail.

Above the core, that is illustrated here by
this red marky is a2 whole heavyy, big structure referred
tc as the upper internal structure. I am going to
abbreviate that by "UIS."™ This is supported by four big
steel cones that come from the head. Surrounding the
ccereys as you ramember, was the corey the drivers, the
blankets, ana then we had three rings of reflectors,
which are basically subassemblies essentially filled
with stainless steel.

350 immediately after th2at, we have the core
barrel, and this core barrel is 2 inches thick steel,
ard a&ny high pressurs developed in this small region you
se0 here will have to push out of the way either the
upper internal structure or the core barrel or both
before it can do any damage to any other part of the
systom.

Nowy I don”t want you to have the impression
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this is a completely closed caseo, that things will stay
there forever, even if there were high pressure. This
is a leaky cage. 3ut the point is there is enough pulse
ue here that it is sufficent for throttling high
pressure.

So any volumetric flow coming out of here
under high pressure will be throttled, and it’s not
happening over a tenth of a millisecond, it will be
hzppening over hundredths of milliseconds, therefore,
quenching the expansion, not being able to accelerate
the slack to do work on thre head.

So the only way you can get a real focusing of
this thermal energy to the head is by viclating
catastrophically one or both of those strucutures.

Nows the project has estimated in one of our
questions, 3ill, of the eight gquestions, what it will
take to push it up. At that time uwe were not smart
enough to ask about the core bérrel, we only 2askaed for
this. And they figured ocut 100 bar, and ocur initial
evaluation in facts suggests this is reasonable. But
then we stzrted lcoking into the pressure traces coming
out of the disassembly calculations, and they are of
this type. And this is aoproximate here just to

illustrate the effect.

There are $10C-per-secona ramp. The core
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barrel is in immediate proximity to the high-pressure
rezion, so it’s going to see a pressure that is more
representative of the peak pressure developed in the
subassembly, which as you know is short-lived. It is a
highly dynamic one. It goes up and goes down.

We illustrate here a range of behavior because
what will happen in the longer term 1s 2 function of the
heat transfer betueen the fuel and the steel that might
be involved. ©Cn the other hand, before the UIS can
become engaged in this process,y, it takes some time,
scmething on the crder of a2 few tenths of milliseconcds.
By the time it becomes engaged, in fact, the pressures
driving the whole thing have bheen reduced by cuite 2 bit.

Now, this goes about that because although it
t2akes into account the impact of these two things coming
in and hitting it, again we will experience a transiaent
and it will come back down again. So this UIS will
exnerience somathing more typical of the cuasi-static
pressure while the core barrel will experience something
more representative of the peak pressures.

8ecause of this behavior, we thought that =--
this again Cr. Ckrent, another terminology =-- wuwe
searched and discoverad we thould worry about the core
barrel. wWe have 2an analysis done on the core barrel

because ¢f the highly dynamic nature of this pressure.
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We don”®t think 1t°s fair to put this pressure here
statically on the top of there. It certainly wouldn’t
be able to take it. 2ut there is a lot of inertia
mzssod between the blanket actually the core as
illustrated here.

This is all very heavy stesl, and these three
or four rows of subassemblies are all filled. So as
scon as the core barrel begins to yieldy, I guess the
pressure will drop unless 2ll of this mass can keep up
with it. S5~ we feel there is significant inertia
effects there.

We are evaluating also, we take into account
the stiffening effect because of braces here, because of
the vessel, and because even of the sodium bastween. So
currently we’re not sure exactly how this will end.
5ut we suspect maybe because of this (indicating), this
might fail first.

And if this were to happen, the rslief would
be over on one side. It would be like a bubble growing
under this liguid sodium pooly and 1t would be growing
sc racidly because of the catastrophic failure of this
that it would be 2able *o accelerate the slag to go hit
the head and produce energye.

We don’t think that this kind of iscmetric

behavior is going to be anything detrimental. In fact,
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we feel because of two-dimensional effects, we might
even get a3 little less energy conversion than one gets
from the classical situation whera one allows this
expansion to 3o directly intc the pool and start
accelerating sodium in pretty much ideal fashion.

From the point of view then of doing work to
the head == ana that is the real concern haere beczuse
that is uwhere the containment is and that is how one
gets concaern about fires and what have you =-- it is
important that one is concerned with the integrity cof
these bags here.

And if those bags were to fail
cetastrophically, if one wanted to do a calculation that
is 2lmost back of the envelope, it would be one in which
one quickly removes all of the obstalces out of the way,
and one can do adiabatic or asymptotic calculation as
the process is done to find out how much energy c2zn be
released.

And the way this is done is shown in the next
slide. Easically, you take the pressure, and that would
hbe standing out from the quasi-static pressure and you
span it out as improbably against volume up to the
velume of the covered gas origin. And that is 21 cubic
meaters. And you take the integral under this curve, and

that will be 2n upper limit of the kinetic energy that
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you can expect., And I really 2an the true upgper limit
because there are 2 lot of other mitigating factors
betueen that the slag would have as it goes and hits on
the head.

Therefore, remembering back the impertance of
the bags and the estimates of pressures and energies it
will teke to fill it, we feel the level of energetics is
zero up to $100 per second. By that zero, we mean there
is no significant acceleration of the sodium slag to
really do work on the head.

However, at some place around here, around
this neighborhood, the pressures developed will bhe
sufficient to violate the integrity of these bags in a
catastrophic way. And if this were to happen, if we did
this procaess heres we end up with numbers that will be
very close to the structural margin. And furtherrore,
we will state here that as you go beyond that point, the
slope is pretty steep. Ana furtharmore, we will state
the uncertainty is pretty high because you are going out
te very high ramps and you have a lot of othaer different
guestions.

Therefore, the real margin, however, is not
from here to there cr from here to there. OCbviously,
there would be some kind of a trajectory going frcecm here

to there. The rezl margin is from this level to this
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level, and we obtzined this margin by claiming that for
the cases of interest we were going to he concerned with
reactivity ramp rates well below this Category 1.

At this point then, the conclusion is that we
are locking for events of this order as the kind of
event that would be of concern to the failure of the
primary system,

And with that, I think we complete Unit A,

And if you have any questions?

MR. CARBON: This would be a good point to
stopy I think, but I do have & question. Jn page 13 it
talks about essentially =-- I think it is ssying == there
cannot be a fuel-coolant interaction in effect there
because the physical situation is such that it won”’t
take place.

The thing I wonder about is could the vapor
bubble in its expansion be disrupting the fuel and the
surrounding subassembly such that you truly could get
breakup of the fuel in the surrounding assemblies which
would lead to some sort of heat transfer from the fuel
particles to the sodiumy, which would enhance this?

MR. THECFANOUS: That would be within the core
region. That would be only possible if you enter in zan
energetic situation with the core still in the core =-- I

am sorry, oexcuse me == with socdium still in the core.
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If you Fave sodium in the cora as ycu enter a burst
situationy then very r2epidly fuel will be molten uhile
the sodium has not had a chance yet to see the high
temperatures and powers and therefore will he in almost
a pre-mix situaticn. Is that what you are referring to?

MR, CARBCN: Perhaps. Cr in 2ny way, cculd
tra vepor bubble in the centar of the core in undergoing
its excansion cause the fuel in the exterior to be
broken up such that it would socmehow or anothaer come
into contact with the sodium either in the core or
cutsice the core?

MR. THECFANOUS: I think we have to better put
this in the picture. If there is no sodium in this
general arsa and in many casesy for example, under
recriticality concitions, which is the major pathuay
through which one can get scme energetics, we believe,
of course you are not =oncernacg with gzetting fuel and
sodium mixed.

The first contact of fusl with t.e scdium will
hzppen up here in the pool. That is where the fuel
bubble expanus anc comes into contzct with the socdium.

MR, CARSCN: Could the fuel bubble he preceded
by unveporized fuel, is what I am saying, witk the
unvaporized fuesl coming in contact with the scdium?

MR. THECFANCUSS Welly in facty the material
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trat will be coming out in an expznsion of this type
will be & very high guality but still containing some
liquia with it, fuel material. It will not be pure
vapory it will also be liguid involved with it. 3ut it
will be high-quality material. That means a high
percent of this vclume will be occupied by vapor and 2
small percent will be occupied by delivery. Therefora,
if there were any potential for interaction, steel is
there because the liguid could be moving.

Cne can postulate the liguid moves faster,
makes it through the bubbley, and goes and hits the
scdium. However, we don”t believe we are concerned with
getting augmentation because of this process, because
the two materials, fuel and sodium, are initially
separated. Thay a2re coming in coentact in the manner
which coes not promote mixing. And even if some mixing
were toc take place -- we believe mixing does not take
place during those conaitions == but even if mixing were
to take placey that wixing would involve small
quantities of fuel and sodium before the tuc interact
and push themselves apart again.

And in facty, we had some experimants just
recently == we have not published them yet == in which
we are blowing twc-phase saturzted water into a fraeon

level undar very PFigh pressure cenditions. It’s very
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interesting to see if you did this experiment Llowing
two-phase high-pressurs water into water, you find you
are very far from isentropic expansiony, of course,
because you have a lot of condensation going on.

What you do when vou do it with freon is you
observe 2 smoother interface indicating a loss of
mixing. And I think the reason for that is there is a
nztural repulsion betwueen the hot material and the
velatile material, and it°s indicatea that this behavior
is very close to adiabatic behavior.

That’s why I think when we have this kind of
expansionsy I believe the isentropic evaluaticns might
not be too far from reality. I thought your original
question was with some sodium staying in here. Now, it
jets a little more tricky because if that were the case,
you already have 2 pre-mix situation here, fuel ana
sodium within a subassembly, and that could be 2
low-power subassembly. And you will see some maps later
on that show you this picture. You do not have an
opportunity yet fcr the scdium to void out.

Nowy suppose another part of the coraes is
undergoing a super pump burst. Nows 2all of this fuel
that was nicely distributecd there becomes moltan and, of
course, naturally possible to mix with the surrcunding

scdium. In that ca2sey whether you have an augmentation
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or nroty 1 think it is possible to have some
augmentation., Houever, I think we need to wait until we
gc into the next section to see under what conditions we
cen develop this and how much socium can be arounc under
those conditions.

Typically,y, most of the sodium is out. Cnly a
very few subassemblies will have sodium in them. Anc
evan there, if something were to happen, we are more
cencerned with the LOF=-driven TCOP to the potential in
this situation rather than the energy conversion
petential.

(Brief recess.)
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MRe THEOFANCUS: I think I would li%e to
occasionaliy put this slide on the board tc show you
whare we 2re in this overall nicturae.

We have discussed this part nou (Incicating),
the technica] basis for making these kinas ¢t judgments,
ard now we want toc address this part here (Indicating),
lookins 2t what hapgpens in the initiating phases the
initisl disruption, and hcw we can get into energetic
behavior using the initial status of Zisruption.

And this is really centered around this
problem of the plenum fission gas compactian, If this
was not the case, we would not have any problems about
stating that we don”t expect the initiating phase
energetics or energetics during the initial stages of
the CRBR core period.

Nowy this becomes a problem because if the
core is irradiated and a fission gas accumulation in the
plenum, thase pressures can get as high as 30 bars near
the end of 1life. Initially, the pin is supported at
both ends. It is really free on the top, but one can
say it is supported in the sense that 1% the cladding is
to be cut off here, it uwould net be allcwed to he
ejectec upwards beca2use the subassaroly exist moves down
and does not alloe it tc move upward. So this oressura

is balanced by the axial integrity 2f the oin. when the
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pin disrupts suddenly, you have an imbalance.

Typicallyy the disruption of the pinr will take
place somewhere below the top of the core. That means
there will be some fuel, shown here in blue, in the
blanket that will be experiencing this downwarda force
because of the plenum gasy and you will have then this
physical ejection almost like a gun barrel geometry that
would introduce reactivity because the fuel will be
moving from a locwer uWorth position to a higher worth,

Yes?

MR, CARECN: I need to inquire in here. Your
words are you have 2 high pressure in the upper glaenum
therey, and that is putting the fuel column in
cempaction. B3ut isn’t the gas pressure pretty much
uriform throughout the column?

MR. THECFANCUS: That is true. It would be
uniform under static conditions. If you go suddenly and
disrupt the cladding in the fuel here, what you have in
the neighborhood of the disruption is the fission gases
that are evolving from the intergranular spaces is a
finite, small quantity. As quickly as this pressure is
released, the only wey you can balance this pressure
releass is by having a very high flow of this gas out.
83ut this is restricted by the very small gap between the

cellets and tha claddirg.
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These are the mechanisms. What other kaey
perameters affect the behavior? I think the potential
for autocatalysis here is guite obvious, and that is the
primary reascn we brought it up to start. 2ut one can
s2sily envision that if one pin were in this compaction
process, because c¢f the inherence of the core there
wouls be another pin close to it in terms of disruption
characteristics, that it will be disrupting, and it will
be compacting. This will increase the power, further
accelerating more and more pins to undergo this kind of
a8 process. 50 the natural question is can this become
autocatalytic?

By the way, we are concerned about
autocatalytic behavior, and that is the first level we
are looking at things.

MR. CARBON: The first level at what?

MR. THECFANCQUS: The first level at which we
are looking at this energetics question. First, we are
looking at the level of autocatalysis, and the reason we
are concerned is it is very difficult to bound
autocatalytic behavior,

In this c2se, for example, fortunatsly uwe are
able tc demonstrate that we are not close to
autocatalytic behaviori and I think the purpcse of this

section of the discussion, Section A, is to lock into
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this aspect of the problem.

The kay parameters that affect this process
first of ally, of coursey, is the stored plenum pressure.
. “ave a beginning of life fuel, you have no
pressure there, so the core pressure becomes mute, and
throughout the life then the pressures will build up
there. So you must have that.

Furthnermore, you must have good timing betwaeen
the clad failure and the fuel melting or fuel heating
disruption properties. And what I mean by that, the
timing should be short encugh so that the gas coes not
blow upe If there was enocugh separation in time between
the clad failure =-- and I mean clad failure, not
meltingy, but because of internal pressures and heating
and fuel disrupticn == there will be enough time for
this gas to come ocutl by the time the fuel is disrupted
and the fuel column became imbalanced.

Typicallyy, the time constant for blowing down
this gas is from a quarter of 3 second to maykte one
second,y, and depencing on how pessimistic you want to he,
meybe slightly more than that. 35S0 you are talking about
a very short time it takes to vent this gas, and that’s
uhy this problem is not really relevant to a core like
FFTF that is vaery, very slow.

Howevery, if 2 core hecause it has a good
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scdium volume reactivity undergoes an zccelerationr
because of the increasing power, you can shortan this
time scale between these two processes enough that at
the time the fuel is disrupting there is significant
pressure up here.

In turny, then, what effects == I put more
clearly here what effect is typing, is the socdium worth
and the voiding rates, is the clad failures and the
locaticn rates and the initial trends of the fuel motion
uepon disruption.

The reascn this is important for the CRBR is
because the first fuel to be disrupted == in fact, this
cccurs at relatively low powers. And in the first group
of subassemblies to be disrupted there alrsady is enough
timing from ths moment their cladding failed until
voiding that for them the gas is not there; the gas has
blown off,

Nowy if that initial disruption of the fuel is
going to end reactivity, that will incr2ase the power,
and that will bring closer all of the remaining
subassoenblies which either have just failed or are about
to fail very soon.

Ify on the other hand, this initial fuel
disruption is highly negative, that means subtracting

reactivity. That will, on the other hand, buy a lot of
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time so the remairing subassemblies can continue to void
ard fail clac and blowing the g2ases out hefore the fuel
in them ha2s an opportunity to cissolve. That is cuite
crucial.

To the extent that pressures up here mean
irradiated fuel, we know this asutomatically impliss that
this fuel here has to have some intergranular gas.

And finally, of course, one must have known
fricticn between the pellet of the cladding if this
celumn was to be #ccelerated downuward. Some people
believe it is virtually impossible no matter uwhat the
pressure behind those pellets, it°s virtually impossible
tc shoet a bunch of pallets through such a small
clearing.

We did not feel we had encugh justification to
axclude that. That is the reason we go into this whole
story. In fact, some early interactions with the
project indicated to us that mzybe some of the fission
products might be even vapcocrized and go back there into
thesa regions here where they recondense, but because of
their melting properties and sc on might even provide a
lubricating layer for this stuff to go out.

In any casey we think we are apprcaching that
censervatively in the sense that for bounding this

problem we are assuming there is no interacticn batween
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the cladaing and these pellets; that they are fraee to
accelerate. However, not completely free. Traey have to
obey the basic lass of nature, and that is inertiaz. So
we put 21l of the force on those pellets and let them
accelerate based on their free inertia without any
negating forces.

MR, KASTENBERG: Theo?

MR, THEOFANOUS: VYes.

MR. KASTENBERG: Is the channel pressurized at
this point?

MR. THECFANCUS: The channael here is not
pressurizedy no. Whatever pressure can come out from
these fission gases. 3ut this is short-lived. As long
as it goes through, there is no remaining pressure to
oppose this compaction.

Nowsy let us take & look and see houw the
pressures build up with time in this plenum. Wwe are
showing here the plenum pressure versus burnup in full
power cays, and ycu see that uwue have a gradual and
staady monotonic increase. Noar the end, typical
pressures are 30 bars, and because of heating in the
s2rly phases of this loss of flow accident, in fact
these prossures develop up to 40 bars.

What you see from here is the significart

fraction of the lifetime of the core is relevant to this
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questioni I would s2y maybe the second half. Similarly,
and because it is also important, it is quite close to
this, we havs the variation of the gas pressure in the
fuel now in grams of fission gas, grams of fuel times
10‘. Ana you see this gas building clearly.

And what you see here is that very auickly
within maybe something like 50 days, from then on the
fuel can be categorized as pretty gassy. This is very
important because 2 gassy fuel tends to be dispersive
and disruption. when the fuel is very fresh it has no
motor forces insicde it, so upon melting basically it
slumps under gravity. We know that is very important on
the timing of subseguent events.

So 1t°s very crucial here to remember for
consistency we are going to let the fuel plenz have
pressures, but at the same time we are going toc allow
the fuel itself to have fission gases in the structure
itself., So the initial tendency for the fuel will be to
be disruptive and dispersive instead of being compacted.

Alsoy, I want to say something atout what is
our basis for this. We have experimants, a number of
expariments with prototypic materials that in fact
irdicate that uhen we have irradiated fuel at some

reasonable powers, you will get in general disruptive

behavior.
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Nowy there are probably & lot of pecples maybe
even including myself, who will say that we do not know
everything there is to know about the rates and timing
of fuel dispersal because of fission gases. That was
and in fact I think still is or can be 2 sericus problem
if one is looking at fuel dispersal to mitigate 2
processy for example, for the LF=-driven TCP. In that
case the timing 1is very crucial, the timing and the
extent, And I don“t think we know enough to be zble to
make this kind of judgment.

Here what 1is important to know is tre general
trendy, whether wo will get compaction or some¢ kinc of
dispersal. And I think we know enough oased ¢n
experimaental analysis and total knowledge to allow us to
méke 2 pretty reasonable judgment as far as that,

MR. CARBON: Is there considerable uncertainty
in that, more than you are perhaps indicating?

MR. THECFANQUS: I think the uncartzinty of
that, Max, has to do again with how precise you want
your answer. If you are asking me do you know the time
of fuel cisruptions within a few milliseccnds, I think I
weuld tell you noy I don’t know it, because in fact we
den”t have that.

Nowy maybe there are some pecple whe diszgres

with me, but you asked me will the fuel disrupt at some
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point 2s it is being heated, I would say sure, I know
one hundred percent it will disrupt. If you ask me¢ is
tre fuel upon disruption going to collapse under
gravity, or ¢ill it just stay there or disperse, I will
tell you yes, with a very high degree of confidence I
cen tell you that the fuel in general will be
dispersive. If ycu ask me do you know 1it°s going to be
meving with & velocity of 100 cantimatars per secend
upon dispersal upwards and downwaras, the moving
activity, plus or minus 20 centimeters per second, I
will tell you noy I don’t think I know that. 2ut if you
ask me in genaral will it be 2 gereral upward direction
or general doenward direction, I will say yes. I think
you will find very few paeorle disagreeing with that, and
if they doy they will have a hard time Justifying it.
MR, CKRENT: I am trying to understand the
dispersal picture that you have for the fuel. Could you
indicate a little bit better for me what you think the
fission gas is doing and what you think the fuel is
doing ancd what the state of this fuel is, is it solid or
molten, and how this changes as it moves from the fuel
into the channel cr what was the channel and sc ferth.
MR. THECFANCUS: Right. In some cases you
might not even have a channel beczuse we know as the

fuel heats up it swells. At least in a2 number of cases
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there is experiment2l cata that shows as the fuel heats
Uup at the beginnirg of melting, mazybe 10 percent radio
mill fraction, it begins to swell. It swells beczuse of
the internal pressures, because of the gases. And by
the time it is ready to disrupt, which is typically 50
percent radio mill fraction, it is essentially
hydrocoolingj so there is nothing much flowing through
them.

Nowsy beyond that point at some point the fuel
will disrupt, and the pellets will actually
disintegrate. This point will be sometime before 2ll of
it is molten. We think S0 percent is a good middle
renge valuey and we are not very sensitive to the number
we choose for that,

Upon disruption there will be further gases
being releasedy, and again, depending upon the power
levely, you will have multi-forces. There will be
pressures inside that disruptive zone that have liquids,
solids, carbons and gases; so it is like a frothing
region that is some place in the middle of the core that
now experiences these local forces which are high,y, but
high with very low driving potential because the amount
of gas there is nct a hell of a lot.

The result of that is just like the zone

experiences,y, a pulse in both axial directions. Fuel
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then is being thrown up and dowun in this frothy region.
However, we celieve that it won’t go very far in that
early stage of disruptiony, becaucse as the fuel above and
below it is swalling, maybe the passages are so small
that this intends to go upy but maybe after the ga2s has
dissipated itself, maybe start again, coming back
tegether,

So that is the picture we have with respect to
this phenomena, and we think because of this, the nature
ot this, especially what I have to say about this slide,
we are not very sensitive to that.

MR, CKRENT: I guess listening to you it’s not
completely clear to me -- at least I have a picture of
what the passages are through uhich this disruptive fuel
is movingy and Jjust how I know when the gas gets out and
when it is in and just what it is that is doing the
motion, and how in fact I can be sure that I know even
in what direction the motion is since I don’t really
know what the passages are.

MR, THEOFANOUS: Welly I think that many of us
share your general uncertainty of krowing exactly what
is happening there. 3ut what I was trying to indicate
before is you have 2 region that is disrupted. It has
liguids, sclids and g2ses, high pressure gases.

MRe CKRENTS: I agree it is disruptive.
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MR. THECFANCUS: It goes witnout sayinj.

MR. CKRENT: 1In the sense that you no longer
heve your original pellet.

MR. THECFANQUS: Right, right. It is a
mixturey, @ frothy mixture of liquid, solid and gas.

That is high pressurea. That goes without saying.
8ecause you have gases therey they have to exhibit
themsalves. They come out.

What can happen? 0One thing that can happen,
you might ask me which way can this fuel ge. One way
would be upon melting and disruption somehow magically
all the cases diszppear from there and the thing comes
dewn under gravity. I will claim that this is a highly
impossible situation, because we 211 know that first of
all you at least hFave to get the gas out. If you are
not allowing for any dispersal behkhavior from the gas, at
least you have to get the gas out before the fuels can
come back together.

MRe CKRENT: But the gas might be able tc move
through past the fuel, can”t move through.

MR, THECFANQUS: OCf course. That is what I am
saying. GZventually what will hapgpen is the g2s will be
dissipatec. I said that already. ESventually the gas
will be dissipatec, and the fuel will then come back

douny and we are taking that into account in cur
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analysis.

MR, CKRENT: I thought you indicated it uwas
clearly dispersive.

MR, THECFANOUS: 2ut the timing here is very
important. It will be clearly dispersive to start with
foer some duration of time, but then we trended the gas,
and we have ways of doing trat, and we let the fuel come
b2zck. So it is neither permanently nor monotorically
dispersive.

We think the initial tendency of that will
tend to be dispersive, but the firite amount of gs&s and
this behavior, as well as I mentionea before what we
expect to be occluded channels above and before. No
matter what pressure you havey you will have 2 hard time
getting the fuel ocut. We don’t disagree.

MR. CKRENT? Let me cut it this way. Using
ycur probabilistic terms at the moment, I put this in
the category of one-half,

MR, THECFANCOUS: That’s a good judgment, and I
will say we are nct sensitive to that.

MR, CKRENT: If that’s the case, you are
Cetter off.

MR. THECFANCUS: That is the point we are
méking here. If we had to make the case for LF=driven

TCPy as I incizatad before, we would have heen in a
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different predicament than the case we would have to do
here. That is exactly the purpose of this figure over
here.

To illustrate how we go about looking at this
centinuum, we have lots of variables here, anc it would
he forever to do @ very detailed, comprehensive,
parametric, statistical evaluation to obtain true
statistical distributions of probzbilities for clenum
fission gas compaction and severity. 3ut a few very
fundamental idaas here can be useful to clarify what we
are looking for.

First of ally if we =-- of course, whrat is
really important here is the reactivity feedbacks. And
the cuestion 215 is confronted with as one is trying to
do this kind of analysis is what should I use. Should I
use higher ranges of uncertainties or lower rznges of my
uncertainties?

Let"s see what happens here if you use the
high and the lowe. If we were to bias all of the
reactivity feedbacks in a downward direction, that means
tzkes the sodium worth all of the way down to nominal
value minus Z sigma Doppler, everything gives them as
slow 2s we possibly could justify, we would h2ve such a
slow initial behavior of the 2ccident that it will

provide enough time between the clad failure and the
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fuel disruption that ihis whole question cf plenunm
fission gas reaction would be moot in the same way it is
moot for FFTV. That maans in this level of positive
reactivity feedbacks, the severity is essentially zero.

Nows you might have expectad that if we push
everything to the higher limit, we might make things
bad. In fact, intuitively that was behind my mind when
I was thinking about this problem a few years ago.

Welly it doesn’t work that way.

As you make the reactivity feedbacks to be
high, they show 2 more nominal plus 2 sigma
uncertainty. Take Doppler, much more than what you
expect it to bey everything to be in the positive side.
You would come so close to pump critical that by the
time you are ready to move the fuel, you don’t have
enough time to accelerate the pellet downwards and give
it 2 good ramp at the time it comes. This is the time
that it gives the energy yield.

S0 as a result of that, the severity again
gces cown,y, and there is no monotonic increase of the
feedback; and I think that is very important. So there
is some range in betwaeen, a pretty broad range, and that
is why I say we are very sensitive to that.

That gives us this maximum ir consignals. And

the way to look at this problem i1s to try to put
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boundaries rather than coming out with a very det2iled
granting numbers, a lot of calculations and
probabilistic assessments <f all of those parameters.

MR, AXTMANN: What are the units of severity?

MR, THECFANKCQUS: That would be, for example,
pressure ramp rates, to start with == that would ba a
urit == and then the ramp rate could be converted
through & previous slides in Section A into praessures.
And that could be converted into filling backs, and
after you fill back, that can be converted inte
megajoules of kinetic energy of the slide.

So really, the starting point of the unit of
severity is ramp rate in a superprompt discussion. That
is what we are locking for. If we have that, we can
make 21l of the other steps.

MR, CARBCON: Would you summarize once again
why you have confidence that yvou are on the ends of the
curve rather than in the center?

MR. THECFANCUS: I will say we are going to be
trying to stay at the center of this curve.

MR. CARBON: You‘re trying to what?

MR. THECFANJUS: To assess and put z severity
number tu this brcocad maximum. We are looking for this
becund that tries to put everything below it.

MR, CAREBON: OJkay.

ALDERSCN REPCATING COMPANY, INC
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MR. THEQFANCUS: And we have done 2 very large
number of sensitivity studies, and of course, we
obteined some additional insights from the sensitivity
studies that the project has done. And with those
insights we think that we can cefine the bounds. And
this is shown here. This is the case uwhere we use the
scdium worth of about $1.7, which is maybe a little bit
more than what the project man considers nomiral., I
think it is 20 percent more. we use a 50 percent axial
expansion, and we use 2 fuel that 1s generally
disruptive but is not extremely, ex2g3geratadly
disruptive. And the power transient is shown kera, znd
it goes up to several thousand times nominal. Anc¢ the
reactivity history is shouwn here.

And this bar periody the slope of this line,
is on the order of 3§50 per second. And we think that it
is 2 bound, an upper bound.

MR, OKRENT: How much would it be if you had
zero contribution reactivity from what you callec the
disruptive behavior cf the fuel in the middla?

MR, THECFANQUS: If we made basically the fuel
tc stay motionless, right?

MR, OKRENT: Effectively motionless.

MR, THECFANCUS: Sffectively motionlass. If

-

tFat zere the casey, it would be a number balow that. I
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can"t tell you exactly what. We have done 2 let of
calculations, and I don’t have in ay head now all of the
results. 3ut what you do with the fu.l, it affects how
much gas also blows dowun.

Probably I have 2 feeling that if you did just
thaty, you would not be too far maybe from that because
you are in that generzl range of broad maximum, but you
will not be more than that.

MR. OKRENT: Welly I am trying to understand.
Your first ansuer was it would be less.

MR. THEOFANOQUS: Yes; but in that genaral
broad umbrella of maximum,

MR. OKRENT: And I guess uwhen you s2y less,
you mean the energy developed in the burst would be less.

MR. THECFANQOUS: Right. The dollars per
second.

MR. COKRENT: And why was your answer that it
would be less if instead of being dispersive it was
neutral?

MR. THECFANCUS: It°s a number of things that
play 2 rele here. I don”* have them all at my
fingertips here, but we have done a lot of calculations
around that general ar2a. In fact, we’ve done
calculations in which we let the fuel compact also, and

that brings us over to the other side.
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what we intend to do in the report, in order
tc give you this perspective we are going to sive 2
réange of assumptions. And by locking one against the
othery it would be easier to urderstand how this can be
really a reasonable limiting value. But it is a total
integration cetween how much time is allowed between the
clad failure, and therefore the beginning of the
blowdown, and fuel disruption. And that is a function
of the power, and the power, of course, is affected very
strongly by the fuel motion, and also by what is the
reactivity level 2t the time at which the pellats begin
te accelerate.

As I said before, if you leave the fuel
motionless, you might have beenr closer to beirg prompt,
so that the time allowed for the pellets to be compacted
would be less. Therefore, you would be going threugh
this with a lower ramo.

MR. OKRENT: I think that could be 2z reason,
but 1t leads me to a related questisan. What do you get
as the largest re2ctivity insertion rate from the plenum
pressure pushing fuel toward the micdle if it’s not
terminated by 2 burst and you are not setting just below
orompt critical when it occurs?

MR, THECFANOUS: I think that I can answer

better if I show you the next vu-graph, beczuse exactly
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I was intending tn cover that. I knew it wsould be a
burning question in your minds.

MR. AXTMANN: What do you assume for the
thermal conductivity of the pellets during =--

MR. THECFANOUS: The thermal conductivity of
the pellet?

MRe AXTMANN: Yes. Which is if the effective
thermoconductivity of the pellet == do you use the bulk
concuctivity of the fuel?

MR. THEQFANOUS: VYes, yeos.

MR, AXTMANN: 2ut 1t°s pellets.

MR. THECFANCUS: Yes.

MR, AXTMANN: And do you think in these
timeframes the effective thermocconductivity will be the
seme?

MR. THECFANOUS: I think so. I think if there
are any auestions there, the mcre important question is
what do yocu use for the gap conductants.

MR, AXTMANNZ Right.

MR. THEOFANOUS: I don“t know if that’s what
you‘re referring to, but that can affect the time of
clad failure. Anc we try again to expand that as well
@s we can within reason. B3ut we have more of & question
there.

MR. AXTMANN: That’s what I meant by effactive

ALDERSON REPORTING COMPANY, INC.
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MR. THEQOFANOUS: Ckay. In order to understand
the answer that Or. Okrent asked, we need to take 2 look
at what are the material p tterns as we approach the
burst. And here we are showing for this case for which
I showad the power and reactivity Jjust before the prompt
bursty here is the sodium void pattern. What you see is
essentially 60 pe cent of *he core is voided, and of
ccurse the reacon is because of this voiding we brought
up the activity, and we have been able to shorten the
time so that we have pressures nou, and these pressures
are i1ndicated at the top here. Those are the pressures
in the plenum.

And I should say something about these plots
here. These numbers below each one of those plots
represent SAS channels. The width of those is
proportional to the number of subassemblies grouped in
thrat channel. So roughly then this channel is 2 big one
representing something on ths order of 10 to 12 percent
2f the coresy 15 percent maybe. While this tunnel 6 1s
the one that has the higher power fuel in it, it is very
small and represents something like 6 percent.

MR, CKRENT: where is the inner blanket?

MR. THEQFANCUS: I am not showing the blanket

here because typically for this kind of a proklem, for
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axamples, our primary concern is the state of the criver
fuel. So to make things fitting in one page == this was
three times as big before =~ I only show the a-iver fuel.

So what you see here is by looking at this =--
this is linear sca2le -- by looking at that up to 11 is
60 percent of the core roughly; that is voided. The
next tuo channels are just beginning well on their way
to voidingy while very little vciding happened in
channels 14 and 15.

The pressures are shown on the top here, for
examplay, and what you see is channel 6 is the first one
to undergo voiding. Therefore, that is the first one to
underge pin failure and all of the subzaguent events,
And you sea because of that, because the power was
lowest early ony it bought enough time that the pressure
is only 3 bars at this point; so this channel is of no

censequence uwhatscever as far as the compaction.
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Howevar, you see the next channel trat comes
in, channel two, still has 2 pressure rate bar, and
thare are 40 bars, around 40 bars in channels 7, 8, 7,
3y #nd 10. Now remember, at 50 percent radial melt
fraction, and that is shown over here, we allow tre fuel
tc disrupt. So at this point, then, channel 2 and
channel 7 is disrupting. Channel 4 is very, very close
te heing disruptecd. And upon disruption thoss tunnals
will be the ones that will be compacting, and it will
give us 2 burst.

What is important here is, all of the other
channels because of core~wide incoherency have
significantly lower melt fractions. It takes some time
to bring this melt fraction from here over to there, and
Ey that time the burst is essentislly over. However, at
the end of the burst, I think the point here is we
cannot arbitrarily take all of these channels here, all
of the core, and let it compact independently of what
the melt fraction of the fuel happens to bae.

Theraes are natural incoherencies that hsve to
be acknowledged. VYou have ¢ pick a number fer fuel
disruption, and you can pick any one you like. 2ut
after that you have to make all of the fuel disruptions
at the same melt fraction, and always you will see an

incoherence in entering this prompt burst behzvior.
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Thereforey, the driving rea2ctivity will be taking place
by 2 small fracticn of the whole core.

I think it 4is quite clear if you let all of
the core do this you will reach an intolerable
situation., That is for sure.

MR. MARKI Theoy in the large, what you have
been talling usy you have not said to what extent what
ycu have been saying here woulc differ if we were
discussing the old original core design, homogenecus
cere. In what degree and in what ways does the core
design affect what it is proper to say here?

MR. THEOQOFANQUS: I think it would be
different, the homogeneous core would be different, in a
very significant way, and that is because of the higher
reactivity worth of this core, because of the absence of
internal blankets. The accident escalates in power much
guicker. It does not take, for example =-- you could not
heve that situation. You would have only one or two
channels, maybe, there to voiding, and already you would
be in 2 high power condition, maybe already failinrg
fuel, and already therefore initiating compaction.

I don®t know if that would have been better or
worse from the point of view of total energetics
resulting from this compaction problem, because again we

could be so close to prompt critical that it cidn“t
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allow enough time for scceleration of the pellats to go
in.

However, I know for sure it would have been
sorse off from the point of view of having a picture
like this here. This is 2 picture showing the molten
fuel as a function of the tunnel, and you see
essentially the whecle core is molten. So the differance
here isy in 2 homogeneous core you will be entering that
cendition post-burst with a lot of scdium in the core.
You will be back to the guestion asked before. You have
already a2 lot of interspersed fuel and sodium, and we
are really a little shaky there as far as wshat haprens.

So from that point of view, personally I feel,
and I think the rest of the team faels, much more
comfortable that we are achieving this kind of condition
here with only 2 very minute amount of the core, dencted
here by stars, which still, as you see here, is
Jnvoided, therefore is experiencing this condition of
high power with strong cladding, with sodium zround, and
with molten fuel inside the cladding.

This is a typical condition that we call
LOF=driven TOP. And to respond at least in part tc an
earlier question Cr. Ckrent asked about any remairing
uncertainness, this is an are2 where we ars werking a

little more, because although it isn“t marginally the
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situation, bocause it is in typical LCF-driven TCP, we
like to obtain some more cenfidence that that will not
yield additional cifficulties.

In facty, I understand yesterday in the ANS
meeting there was a W-2 test acdressing the f2ilure of
the fuel pins under these conditions that was discussed
at ANS. We did not have an opportunity to go there, but
we are looking very anxiously for an cpportunity to have
time to look 2t that and evaluate the information.

I think thare are two guestions therei Cne,
number one, what is the likelihood to have pin failures
in the centerline? And those 2re the cases where you
worry about fuel comingy moving inside the pin, and
getting out in the channel. And tha second one is: If
this were to happeny what would be the consegquences?
There are twe guestions. And from that point 2f view,
whether this core is much better than the other one, to
that extent we don’t know very well those things.

The other thing I want to point out here is,
these numbers here indicating fuel vapor pressure within
those subassemblies that have been =-- again; the
pest=burst period. And if you mix up with this fuel
steel, which is over here (Indicating) == this is in the
pre=-burst condition. You see only a small amount of

steel has moelted. Thse core exits and both axial encs
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are open, and because of all of this fuel here you have
a lot of molten steel intermixed with the molten fuel.

50 these pressures you see here will be
augmented by roughly one order of magnitude tc take into
account the presence of steel in the vapor pressures.
5¢ you see, this point is == ycu have reversec the
prassure gradient to take your 140, 120, 80y 70 == the
smallest would be 50 == while on the top it is pushing
this number. 30 one way of locking at that is that this
numbar times ten pushes upwards, while these numbers
(Indicating) push dounwards.

50 there’s no question about aaditional
compaction following that on the remaining
subassemblies. Se¢ clearly, then, we have seen == we see
a way out of this, a way to termination, because of all
of the ogerings here and because of all of the high
internal pressures in the core because of this fuel
vapor pressurs and steel vapor pressure.

Qavid?

MR, CKRENT: From your analyses, is it clear
that 11 csnts 2 second is worse than 10 cents 2 sacond
reactivity insertion ratio, and that 10 cents is worse
than 10 &nd so forth?

MR, THECFANQUS: I think 4if you put it into

cents Ty answer is noy, hut that is a separate guestion,
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that refers back to initiating phase TOP in pesing a
remp and then looking a2t what potentially can happen,
and 1t is not necessarily monotonic, the consaguence.
3ut from the point of view of energetics, from the point
of view of how much mechanical energy can 2o to the
system, as ! said before you can only develop that if
ycu have a proapt burst, and you can only develop
pressures of that -- of coursa, the higher the prassure
the higher the energy, and from that point of view the
higher the ramp the higher the pressurs and the higher
the energy.

S0 in that sense, if you go intc wheat we have
defined as energetic events, that is more thanm 30
dollars per second, which develops pressures within a
feu milliseconds, tne trend is monotoni:z.

MR. CKRENT: I am still interested in the
initiating event party, and I am trying to understand for
the moment whether anything ycu have told us is
sensitive to the assumption on the =-- well, let me word
it this way. Suppose one roc¢,; instead of all of the
rods stayins oyt in the loss of flow, one rod partly got
in. Wou’ * st aluways help?

"HECFANOUS: Could I suggest, Dave, if you
heve guestions outside of what we are covering here, for

that purpose we left the last half-hour of the day to
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discuss other things. Again I will repeat, what I am
giving you today is for the loss of flow accicent, which
is historically the one that gave us the problems.

We are addressing all of the others, and what
you are saying here is part of the other initiators.
There are 1 tasks. If you like we can discuss it. We
are not finishaed cn that one yet, and part of the
question we arae addressing is exactly that.

Cne other one we are addressing is, what if we
have a TOP, a classic TOP that is followed immediately
after that by a loss of flow because the pumps have %o
trip also? That is another one that has not been
exampled well before and we are examinring, but it’s not
a part of my story here. It is a different story.

MR. OKRENT: Ckay.

MR. THECFANCUS: To summarize Unit B8, then, we
are pretty comfortable there’s no autocatalytic behavior
shoun. This is because of the incoherency across the
cerey because of the inertia of the pellets, &nd kLecause
the driving force forces for compaction are finite. 1If
they were infinite, you remember this inversicn of the
pressure grading wouldn’t be present and you would keep
compacting. But here we have 2 finite number of
compaction forces. Therefore, we do not enter this

behavior.

ALDERSON REPORTING COMPANY, INC.
440 FIRST ST N.W., WASHINGTON, D.C. 20001 (202) 628-8300




MRe CKRENT: £xcuse me. I°m not sure what you
mean by non-autocztalytic behavior. I thought you said
you could gain some reactivity from fuel meving inuward?

MR. THECFANQUSS: Right,

MR, OKRENT: That usually is interpretecd as an
avutocatalytic effect.

MR. THECFANCUS: There are many ways to move

fuel inward without being autocatalytic. Autocatalytic

is 1if one event leads to the next and allouws spre2ding.
Thies termirnclogy comes from chemical reactions, where
you start off an autocatalytic one, there’s no end until
1t°s 21l reacted. If you have a chemical reaction and
it goes autocatalytic, you’ve got to react all of it,

Qver here we have shown that because of
inccherencies the thing was limitea to only tuo
channels. It would have been autocatalytic of the
process were such that there was no inertia, for
exampley, the timing between the different suba2ssemblies
are causal.

MR. OKRENTS I understand how you are using
the word. Thank you.

MRe THEQFANCUS: We feel we can bound it to 50
dellars por second, and in fact we believe heczusa of
intra-subassembly inconerencies nct all pins within a

subassembly will fail at the sa2me time, most likely 50
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percent of them, And of that were the case it would be
== more a figure of merit here would be like 235 decllars
per second.

We can see the termination of this because of
the openings a2bove and below the core. We 2re
re-eveluating the LCF-driven TCP behavior in this
meérginal amount of the core with sodium in it, and we
will reevaluate the consequences. EZspecially, we will
lock a2t this new information that was presented
yesterday on W=2,

MR. CARBON: B8efore you leave trat, your
beunding reactivity ramp rate, 50 dollars, maybe 35
dellars per second, if you had 100 dollars per second
maybe you are on the verge. It is a factor of two or
three. But this is all very nebulous. 0o you have 2
iot of confidence in it?

MR. THECFANOUS: We have 2 lot of confidence
in thet., I will sey later on when ze assign nrumbers,
because we will try to convey from this gqualitative
meanings, later on to prohabilities, to actual nrumbers.
And againy in the zbsence of giving you 2 comeplete
distribution, because that is znotner way of conveying
to you our cenfidencey instead of doing that, beczuse we
den®t feel it is fair at this point to do that, we will

tell you the numbers uwe are going to give you will be
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high confidencey S5 percent high confidenca numnbers.

So we feel we are there with a very high
cenfidence leval, because basically, to put it bluntly,
we tried to do the berct we could to make this number go
up and we couldn®t., Remember that we brought this
problem up, so we had all good reasons to try to make 1t
as sovere 2s we pcssibly could.

Are there any other cuestions or Unit 8?

(No resgonse.)

All rigkt. Cn Unit C we are lcoking at the
iritiating phase behavior, loss of flow. And this is
back in the == to remind you of the general structure,
we are back in here nowy and we examined the path that
can lead us to here. 3ut we said there ara ways by
which this will nct happen, for example if it were a
fresh corea. 50 percent of the time the core would not
be going through this.

Furthermore, the pellets maybe were too ==
really lodged inside the cladding and couldn“t move,
either freely or not move at all. Or maybe the gas
cculd blow dcun fastar than what we thought because
insterd of assigning to the gap a time constant size and
trerefore a time constant for blowdown of the gas of
halt a second as we have done, maybe we usa the value of

@ auarter of a second like the poroject is doing.
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So there’s 2 number of reasons by which we
could have avoided that situation. And then se need to
be concerned aoout, suppose we avoid that and move into
here and into here? We would like to know hou we enter
this further disruption state, so we need to get the
Jeneral stagey the general framework, in which the fuel
now stzrts melting and coming in.

And an addition, we would like to know what is
the potential for developing blockages in the inlet and
the exit of the core during that stage, because
obviously that has an impact on dispersal. So theraefore
2t this stage we 23re looking in some more detzil. We
are going to loock in more cetail in the initiating
disruption phases of the core for the purpose of scoping
out a range of behavior, again frcm the point of view of
uncertainties of feedback, so that we know where wae are
in general concerning power and blockages.

Ana that is, what I said with many words, it
is summarized here. The objectives are to lock fcr fuel
removal paths, for driving forces for fuel disperszl,
and tc scope the entry into recriticality-prone
cenditions. That is how we defined it.

Cisruptive fuel is not going to be
monotonically disruptive. It might come down again. We

neec tc know under what conditions we will be doing

ALDERSON REPORTING COMPANY, INC.
440 FIRST ST, N.W., WASHINGTON, D.C. 20001 (202) 628-8300

118




10

1

12

13

14

15

16

17

18

19

21

23

24

25

that. The key process here, we feel, is something we
call co-disruption. Co-disruotion refers to the
simultaneous maelting of fuel and cladding in 2 channel,
and by that I mean melting such that it is sc clese in
time it has not given enocugh time for the cladcding to
separate outy, so fuel and clad coexist in this frothy,
solid-liquid, fuel and clad, maybe mostly molten and
veaporized.

This is important because it provices us with
steel pressures which are typically an order of
magnitude greater than fuel pressures. It provides us
with an increa2sed penetration potential. In 2zny kind of
escape pathy it you try to put this kind of material
here you go a little bit further. If you put fuel-steel
mixture right on steel, you go further.,

And finally, even if it were to block or
freeze someplace at the exits, you will have blockages
that contain fuel, self-heatingy tharefore can melt
those blockages. This process of core disruption is
favored by increased sodium worth, making the whole
accident fastar, and by the plenum fission gas
cempaction,

Ify, for example == and that might be the truth
== maybe 30 percert or 40 percent of those pins that

meet the criteria for compaction are lost and the
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pellets cannot move and the other 40 percent is free to
move, then we will not have a strong burst, but it will
incresse the power, bringing closer the melting and
disrupticn of the fuel to the clad melting. So that the
two things mix together, so that is why both of them are
important in prometing core disruption.

MR. MARK: You saidy 2nd I wasn’t quite claar
on this, the pressures of the == I guess it would be =-=-
vaporized steel were an order of magnitude larger than
the pressures of fuel. Is that correct?

MR. THEQCFANCUS: That is for the range we are
looking at. Right after melting and for another maybe
100 bar or soy this is very roughly correct. I give you
a rough order of magnitude.

MR. MARK: If they were both vaporized, then
that would no longer be true?

MR. THECFANOUS: That would depend raally on
the mixture we havey, but the vapor pressure is
appropriate to the material. So for the same
temperature if the tuo materials were to mix 2nd be the
same temperature, you would be getting most of the
pressure from the vapor of the steel, which means the
fuel would have coendensed.

MR. MARK: Okaye.

MR. THECFANOUS: 8ut just to give you an {idea,
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it you have, for exampgle, fuel that is by 300 cegrees
atove its melting point, you would he having nct very
high vapor pressures, fuel vapcr pressures. Sut if you
get steel mixed up with that, you would have very high
steal pressuras.

MR. CKRENT: Would you 2gain say or say for
the first time, as tha case may be, Jjust what is the
situation when co-disruption occurs and when coes it not
occury and what dces it take for it to occur?

MR. THECFANOUS: VYou are anticipating the next
few vugraphs. That is exactly what we want toc explain
here.

MR. OKRENT: Ckay.

MR. THECFANQUS: However, let me say that
scdium voiding is important. That is what aids
reactivity. So the extent of co-disruption is a
function of the power history, and the power history is
2 function of the reactivity history, which in turn is
really reflectirg the material relocation nistory. So
before I give you our actual results showing the extent
ot co-cdisruption for different assumptions, I want to
show youy, if you likey, 2 little bit of our basis for
using the voiding that we use and the co-disrupticn that
we used and soO one.

MR, CKRENT: VYou defined & term,

ALDERSON REPORTING COMPANY. INC
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"co-disruption.™ I want to have 2 better term in my
mind.

MR, THECFANCUS: I can give you 2 visual
picture of that. That is uwhat we define as
cc-disruption.

(Laughter.)

Cne picture is worth a thousand uwcrcs, they
S3yy &nd this one is. This is a plot that comes out
from a2 SAS calculation. On this axis here we plot
percent volume fractions, and the key is shown over
here. S5So this is all molten fuel. OQOver here is molten
cladding. At the exit, this is the upper axial blanket
and lower axial blanket. This is the cladding. Of
course, that is still cold, so it“s still integral over
there. And th's is the structure.

Nowy co-disruption is a case in which, beczuse
af the short timing between clad melting and fuel
melting, there is insufficient time for the cladding to
move up there and produce 2 blockagey a2nd most of the
cladding is mixed up with the fuel. From that point of
view, this graph is misleading because it shous you only
the volume fracticns.

But the way to really conceptualize this is,
ycu have all of the oins, 270 pins, all the fuel and the

cladding in these proportions mixed up. That is what we
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call co-disruption, again because of the power history,
the power being high and not allowing enough time for
the cladding to move out at the rate it moves and then
down to produce blockages and therefore separate out.

And what we see isy, in very, very slow cases
== you can have c?ses where the power stayed belocw
nominzl for the duration of the accident. If you have a
let of time and tre initial cladding moves up, blocks up
at the top because then the steaming comes down, the
rest of the cladding moves downy, blocks up the bottom, a
nice big plug at the bottom. The top block is maybe
only fractional in a cross-sectional area, anc then
throughout this time the fuel is still soclid, and then
eventually the fuel melts in a completely segregated
system. That is then a typical behavicr, this one here,
of a8 high-powaered situation where the timing is sc¢ short
there is no time for separation.

MR. CKRENT: And how short is short?

MR, THECFANCUS: I think you will understand
that after you have an ide2 of how rapidly the cladding
movesy and I will go into that. If the cladding was to
move at 50 minutes per second, then short woulc be a
milliseconds. If the cladding moves at 50 centimeters
onlyy in our view short is something on the order of

half a2 seconc or .2 to .3 secondsy around thaere.
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Basically, short is defined by tne time it
takes for the cladaing to move frcm here to there before
the fuel disrupts. That is a function of power, again.
5S¢ to really better see that, I think we naed to go
intoy what do we use for voiding and what do we use for
clad relocation, because both of those processes 2re
importanty number ones in dictating the power history
through the reactivity consegquences, but 2lso in
dictating clad failures, clad inception of melting, and
of course subsequently the clad relccation process.

So the next few slides will be into those
fundamental processes. First we take a look at the
veiding process. As you knowy, SAS is a one-dimensional
code. It treats this whole subassembly as the same
thing acrossy no variation in the rate or direction. So
the moment it precicts a boiling occcurringy this boiling
screads out over the whole cross-section. Of coursae,
because of the increased fiction the process becomes
nighly instable and guickly leads to flow reversal.

Tvpicallyy then, the SAS will give you flow
reversal from the moment of boiling inception as
something on the crder of .6 seconds. That’s very
short. If the power was higher, this number would be

even lower.

For some time peorle have looked into the
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problem cf inter-subassombly incoherence in tris “oiling
process, hecause really, if you look at the datail of
ity what you expect to happen here, near the %top of the
cere and in the center part of the bDundle, thzt is where
the first boiling develops. It is like a boiling zone.
And then as the time goes on this boiling zone spreads
upy down, and in lateral directions, like illustrzted
here (Inadicating).

Therefore, because of this localized boiling,
the liquid scdium can be diverted around and can
continue to cool the outsicde regions, which are alraesady
ccldery and therefore prolong the time to flou
instability and inception of flow reversal, which is
crucialy because after flouw raversal you go into veiding
and cled overheating.

we don’t have a lot of experimental
information on that, although very likely == Jjust
recently there was 2 test completed &t Argonne and we
get hold of an advanced draft report, and this is the
15-pin CPERA testy 15 pins put together in such a way
that this small bundle simulates 2 67-pin buncle. The
purpose of this test was to study how the boiling zona
progagates and hou boiling takes place 211 the way out
of boiling. So this is an out of pile experiment.

In facty a few months ago they sant out 2
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report of all of the tech specifications and #skec
people to pre-predict the test before it was done. We
hed a calculation that was done scme time agoy, but was
for typical CR3R condition. This was done with an
example of a little analysis we did separately from the
SAS code.

This treats this boiling zone here 3s a
teo~-dimensional zone with a very simple homogeneous
ecuilibrium modely, which is just the opposite extreme of
SAS. SAS uses a parfectly annular =-- we use Fomogensous
ecuilibrium.

As you can see herey we were very happy with
the agreement, esgecially remembering this was a pretest
prediction. It precdicted very well the time and the
whole trend to slow reversai.. What is more, the time
that it took for these -~ these are calculations, again,
from this model here =-- the time it tock for spreading
tc the radial walls this was 1.6 seconas according to
the test and about 1.6 seconds accourding to the
calculation,

I think we had only time to look at some fewuw
things. I think we did a reascnable job in predicting
the rate of propagation and both reactions of the void.
The important thing to gather from thaty not so much the

agreement between this and that =-- I think that is ths
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trivial part of it -- the important thing is, onme code
grossly underpredicts the time to boiling inception ==
me&ny the time to flow reversal, compared to the actual
reality obtained from the test.

That is important because it shows that an
LMFER Dundle is highly two-dimensional, maybe
three-dimensional. In general, it is far from being
one~dimensional.

As 2 roesult of that, if you look at collateral
disruption, which maans melting in location, you would
expect that those pins over here that have experienced
diminished ccoling for a longer period of time than
those pins over there, they will melt first. Therefore,
when @ melt of the cladding takes place you would not
expect it to be over the whole subassembly, but to bhe
over a single part of it., And that is important in the
rete of relocation of the cladding.

In a way, 211 of these results only point to
the direction that in order to correctly assess
cellateral disruption you must take into account
intra-subassembly incoherencies and effects. That is
where I want to go next before =-- another thirg to show
youy because you might have a natural question, is how
gcod are these HEV-2D with respect tc SAS.

Wwe have done the HEV-20D model into 2
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cenfiguration so it becomes one-dimensionsl ana cempare
it with S5AS, and you see very good agreement, although
the two models are widely cifferent, Jjust as far as you
can be from the point of view ¢f two-phased behavior.
The reason isy, the whole process from here to here is
really governad by heat capacity. So it“s more a
thermal effect that is important, and of course we know
it much better thzn the details of the two dimensional.
Another interesting thing, incidentally, to
point out is this timing. This delay, of course,
decreases as the power increases, and what you see here

is between B85 percent and 100 gercent power. This kind

of varjation of 50 percent in power is showing much more

in a two-dimensional calculation rather than in a

one~dimensional calculation.
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MR. THEQOFANZUS: Taking a lock at thre
ccllateral location problem with this in mind, we are
confronted with a set of results. This is one case in
pile results which at first glance are inconsistent.
4rat you see here is the R ssries tests. Those were
three tests, 17 bundles. That gives, going through a
typical LF transient, that gave millimeter sca’e
blockzges. We have the R8, one part of these series. I
single it out becsuse it is the only test in which we
have pre-pressurized pins. So there was some gas in the
fission gas ploanum at high pressuree.

In fact, we have normalized our blowdown
models against the results of these tests. So it was
pre-pressurized and gave no blockage. The P34, which is
ar SFy LSF test, 37 pin, gave two centimaters blockage.
All of those blockages are above, ancd the P3 test, 27
einy, gave ten centimeters of blockage. This was 2
little bit longer. This was run. This was the same
test. This was run one or two seconds longer than tiais
Me.

In all cases, the blockages were incomplaeta,
not 100 percent of the flow area. 350 to do something
about explaining these discrepancies, first, we take a
look 2t the experimental data that were obtainad from

again a few years 23o. We ohtained these datsz at
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schoaols similar material, woods, metal, and air, :and
looking at the relocation characteristics of this metal
as it was subjected to the shaar forces of the air going
by.

We are showing here how this data c2n be
correlated with the polaminator with 2 narameter GAG
star. It is a dimensional philoscphy made dimensional
by @ buoyancy effect. It is like the square root cf I,
the acceleration cf gravity, the diameter and the celta
overall.,

Cn this band over here, this one showus the
pertion. This is a fraction in this axis. Tre fraction
of the cladding or in this case of the woods metal that
remained in the coriginal position. S0 you see that as
ycu go from GAG star from one increasing less and less
claddingy, less and less wocds metal remained in the
original position.

This band over hers shows you the proporticn
that moved upsards, and this lcwer bend here shous you
the proportion that was either in train or moved
onward. 2asically, this is the difference of the sum of
those two from the hole. What comes out of this is, and
that is not really so shaky, this polameter h2zs been
used vefore for such configurations. I think what is

important is, we demonstrated that alsoc for a metal wi<th
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a high self-extension and for geometries of extension.

For exanple, there were nco cdata as far 2s J
know in the very small clearances of the type we were
interested in here, but the ide2a is for a range of GAG
stars around oney, tha cladding is basically really
undeciced. Some might call it limitation. Scme might
call is sloshing, but it doesn’t want to go in any clear
way up anc down. If the GAG star is less than .9, the
cladding would like to drain, and if it is more than
1459y we have 2 clear, sustained upward relocaticn trend.

Soy these are the criteria for clad
relocation. To obtasin an idea of the timing of such
motions, we measured the film thickness, and here is the
fraction of film thicknes: as a function of time. VYou
see, when GAG stars about oney there is not much
veriation. Again, the idea is, it wants to sit there
and slosh. If it is 2.16y it goes out with the time
constant of about one second. If it is 3.29, it goes
out even faster, but not dramatically faster.

with this in mind, we want to take 2 look at
the INPO test parameters vis-a-vis the raactor
parameters. Hore is the RC series. It is 2 soven pin
test., There is one central pin with six around it. The
bshavior is highly two-dimensional, and in fac* this is

supported by the discrepancy between the SAS prodiction
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of the time to flow reversal commpared to the test.

Basicallyy the test delayed somewhat the trend
I showed you before as compared to SAS. In a given flow
reversal, that indicates a central hoiling zonre with the
sodium flow going around it. Furthermores; because of
the proxisity of the six pins to the wzall, which ¢f
cours .s a very good sink, racial heat sink, it is very
difficult to melt those radial pins.

Therefore, we expect a strongly two
dimensional temperature distributicn, and this arametar
of A tilda which represents the fraction of the molten
pins to the total number of molten pins is a very slow
orey and we will put something on the corder of 4. I
refer to this as the radial incoherency of the bundle,
representing the degree of radial incoherence.

Another two parameters that are important as
far as the ccllateral location is concerned is the delta
Py and it was measured at 11.5 psi. Alsoy 2another
parameter that is important is the chugging intensity.
After the bundle is voided, and that is the time frame
at which you will look at collateral lccation. Scdium,
because of this delta P that exists, wants to enter back
into this heated 20ne, but as soon as it enters, it
svaporates, produces local pressures, and goes back out

again.
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Soy this le2ds to an even out mode of motion
of the scdium at both ends, known as chugging, anc very
confidently with high accuracy we know this prilosophy
of chugging because it is measured with electromagnetic
flow meters. In this case it was plus or minus .S
meters per second.

Looking at the P series, a bigger bundle, 37
pins, the behavior was one-dimensional. Lecoking at the
thermal principlesy all the predictions and all the
cemparisons; predictions, and tests, we 39 very clearly
a one~dimensional behavior here. Of course, zgainr, thae
oins that are right next to the wall, again, they will
delay melting, kbLecauses they lose Feat to the can, but
nowy because of ths 37 pins, the fraction of those pins
cempared to the total cross-sectiona2l area is much
smaller than compared to the R series.

Thereforey, the incoherency factor here for
radial incoherencies will be one. The celta P across the
quarter was 16 psi, and the delta P, the chugging
velecity was 1,61 meters per second, somewhere higher
tran the delta V over here. =cor the reactor, based upon
the voiding profiles I was showing you before, we
estimate radial inconaearency of .6 or é0 percent. The
delta P across the core in the reactor would ke on the

order of 15 psiy and the chugging valocity, this is
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coming out of 5ASy 1.3 to 2.4 meters per second.

What we see is that the R series is closer to
the reactor as far 2as incoherency but the ® series is
closar to the reactor in terms of delta P. Let’s see if
we can use this together with the previous information
“0 understand the difference in blockage formztionr
between those test saries.

Cur mental picture is in the middle of the
bundle somewhere near the top a certain fracticnal
pertion both in the radial as well as the axial
direction of the cladding becoming molten. That is the
initial incoherency point. So we take this ratic to the
total. We take this ratio to the total, and that is the
L tilda. When I say delta P across ths core, that is
the delta P across the lower sodium interface to the
upper sodium interface. That is the delta P, Anc when
I talk about chuggingy that is that interface goes in
and out and this interface goes in and out.

The delta P across the core is convenient to
make dimensionless by the liguid sodium static heaa as

yceu saw over herey so0 this numbaer M then is the number

of liguid sodium static heads representative of delta P

across the corey and the important point here is that
somehow this pressure that is available to move the

cladding has to pe redistributed both across the dry
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parts as wall as across the wet part, the part that is
moving.

Anc¢ of course what is important if we are
going to use the correlat.on I was showing you beforae,
we have to know what is thsy sodium vapor valocity in
this two-phase regiosn, and that is what we are after.
Welly you can do 21l of this, and you end up with a
graph like this, which shows that for any degree of
axial and radial incohaerency, it shows you trajectories
of values of JG star over the sguare root of M going
throughy so let me explain this.

The way you use this is, you pick out a point
here that represents your degree of inconurency radially
and axially, and then you look at which trajectory goes
through that point, and you resd cff here the value of
JG star over the square root of M. Then, if you knew
what M was, the square root of M, you multiply and find
tha volume of JG star, and compare this volume against
the criteria I gave you befora.

If it is something more than 1.5, it would be
meving upward. If it is below .5, it will drain. If it
is in between, it will stay suspended. S0, with this
backgrocund, we like to put the points for the P series,
the R series, in this glot and see what they tell us.

If I cut this R series, that will he, remember, a radial
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incoherency of .4, and a small axial incoharercy. That
woul® be a trajectory af around 0.7y and I multiply that
times the M, square root of M of R series based on this
11.5 psi which is 2.2 and I get a JG star of 1.5.

That means for this test the claddirg wes at
the threshold of really feeling that steady upwarc
relocation, but was not really very determined, ard that
is why it just barely made it intc the reflecter ragion
and froze there, ending up with a very thin blockage.
Alsoy this undecided behavior then, all it needed uwas 2
little bit of gas like happened in the R series and you
could completely revarse this moticon, have complets
drainingy and you won”t have any upward location, as was
again found experimentally in the R series, in the RS.

Nows then, let us put the P test here. 4s you
remember P was very one-dimensiona2l. That is an A tilda
of ocne. The L tilda would be 2 small number. That puts
it right arcund here. And you raad a value here of
about 1.3. You multiply that times the delta P of 2.5,
ard you end up with a JG star of 3.2. Clearly, in the
upward locating region, and certainly it was no surprise
that these two tests actually moved enough cladding up
to plug by two centimeters, and in the other test more
like ten centimeters.

Nowy the other interesting thing to visualize
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' 1 here is, as you move in, as the time goes on, more and
2 mora claocding, more and more axial portions of the
. 3 cladding are molten, and as this hzppens, you move in
4 this incoherency plane upwards. Now, in the R series,
5 because 2luays the radial pins are so closa tc the wall,
8 and aluways they irradiate and lose energy, they don’t
7 come into the melting for some time. Therefore, the
8 tendency would be to move straight upy and as you see,
® you are crossing still smaller and smaller JG values.
10 Soy if the initial tendency was barely upward,
1 right at the threshold, as the thing melted more and
12 more, it clearly became sloshing, and in fact la2ter on
13 maybe inte draining. The same with the P series. As
‘ 14 ycu move up this way, you see the numbers get smaller
15§ and smaller. So, 2gain, although the initial tendency
16 was to move upy the numbers became smaller, anc
17 eventually this got to the point where it just got inte
18 sloshing.
19 The reactor is somewhere between to start with
20 ard moves also 2 little bit in between, because you are
21 going to get more melting in the radial direction as
22 well as the zxial direction. The reactor starts off
23 with 2 JG star of 1.9y which is slightly over that
‘ 24 (indicating)e. In my opinion, it still has a tendency to

25 move upy but not 38 very pronounced, and certainly net at
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very high velocities. As the time goes on, and tris
trajectory here is written very rapidly in time, last
night we ware trying tc figure out if we could remember
how long it takes to go from here to herey anc we were
hoping to call this morning to look at the outputs, but
we didn’t manage to do that, but I will venture a guess
of something on the order of maybe .2 to .3 seconds
under appropriately high power conditions to go from
here to here.

SO0y as you see,y quickly you go from 1.9, 1.6,
and beyond that ycu g0 below the flooding point.

Nowy one more thing that needs to be caid hereo
to complete the story I think is important, and it has
not been considered before. I think it is crucial.

This chuggings there is enough of a2 delta, enough of a
velocity intensity variation in the chugging that really
== 1t takes quite 2 bit of pressure to move liquid slugs
moving into 1.5 or 2 meters per second, to take that,
reverse ity and push it back out again,

This localized vapor source of sodium could
give another pulse to this whole thing here, and that
pulse would be limited in time, but could be intense.
And the fraeaguency of those pulses is of the order of, if
I remember correctly, between two and five hertz.

Thereforey, you can see that if this whole process of
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going from here tc here is scmething on ths order ==
that it takes something on the crder of .2 or .2
secondsy and if the frecuency itself, the period af the
chugging is somethrirng of the same order of magnitude,
you see that at the time you hit this peint, cdepenaing
where you were with respect to this oscillation of the
chugging, you could have 2 certain randomness element
that maybe looking from the outside, from the
instrumentation experimentally, might show as a bleckage
fermation betueen two centimeter and ten caentimeter.

And you say;,; well, what does that mean? I
want to point out there is 2 certa2in randcm element here
which is real, not just imaginary. Howsver, cna thing
we haven®t said here, and we have to be consistent, if
4e are going to tske into account the plenum fission
geses for compacting fuel, we must also take # leock at
what 1s the possible offect clad motion. This is the
neminal value in the absence of any additional flows
into the channel. This volume JG will change.

MR. CKRENT: Excuse me 2 minute.

MR. THECFALOUS: VYes.

MR. CKRENT: Were you suggesting that the
chugging occurred in such a way as to give the
difference betueenrn the two and the ten centimeters of

plugging?
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MR, THECFALOUS: I think that is 2 real
pessibility in my opinion.

MR, CKRENT: Well =--

MR. THEQFALOUS: It is the same chugging, but
because of the shortness of going from here to here as
compared to the period of those chugsy if you hit this
peinty, for examgley, in the P series at the morment when 2
chug had just reversed, that would give you a different
instantaneous movement than if you hit it at the time
the liquid sodium was just coming in and there was somse
melting before the pressure develcpedy, so there is 2 bit
2f randomness there.

MR. CKRENT: It seems to me if you 2are 3oing
to do that you should look at the possibility that
chugging would have done something different, and not
Just use it to exglain in one direction the axperimental
results. I have 2 little bit of --

MR. THECFALQOUS: What ao you meany oOne
direction? I don’t think I put any cirections.

MR. CKRENT: What is the chance it would have
occurred at just the right time, and what is the chance
that tne chugging would have done something different in
some of the other experiments and so forth? Let me Jjust
leave it as a thought for now.

MR, THECFALCUS: Welly, I think your thought

ALDERSON REPORTING COMPANY, INC.
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meybe is a little disturbing. The picture I 2m trying
te paint herey, and I don”t want to leave it there, I
think I make an impartant point:. First of all, the JG
star here is 1.5, and here i! is 2.2, znd 4in my opinion
that is 3 hell of a big difference in JG star.,
Indespendently of chuggingy I have nd problem 2t all
seeing an undecided collateral location here and a
clearly forceful upward relocation there.

Now; we have said in the past and we still
have the same opinion, based on the time it takes to
meve cladding under those conditions, that typically
cladding would move with S50 centimeters per second.
Nowy if you look at tha*, I guess I am saying that I
have no problem reconciling the difference betueen the R
series and the P series.

Nowy you might ask me, why in the P saeries
twoy and in tha other non-experimenting P series two
centimenters and in the other ten. There is some
difference there. The important point is, and we scon
lose sight of that is, in both cases we have blockajzas.,
As I saic before, independert of what is going on with
the chuggingy I expect blockages. So at least we have
been able to accomplish that.

To actually quantify the difference, ! don“t

thirk anyone has doene 1ty and I think it is difficult to
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do to precisely tell you the blockagey but I thirk it is
important first of all to know under what conditions you
have blockages and under what conditions /cu don’t, and
what I am showing te you here is that in the reactor
cenditions the JG is so marginal I don’t expect tec have
blockages.

Wwhat I am going to do more, I will come b2ck
ar. tell you this volume JG will have to be brought down
even more, because when I take into account fission gas
coming out from the plenum intec the channel, it will be
an effective reduction on this M, and this is how this
works. The gas comes into the chznnel from the planum
through the gap between the cla2dding and the blanket.
Typically he go#p will be here. And then joins the
vepor flow to go cut.

Initially and intuitively, when we started
thinking about this, and also when the project started
thinking about this, people expected this gas coming out
#culd be so forceful that it will reverse the pressure
gradient, basically producing kigh pressure here, moving
both directions, and pushing all of the cladding
dewnwards this way.

Well, after careful examination and analysis,
and in fact that is one case where we in fact went into

SAS and made some changes with new modeling, we decided
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that for the range of interests, in fact, this would not
héppen. Here is what happens. The overall delta P 1s
like this as long as this channel is single phase. You
have & pressure grading like that. Wwhen you start
injecting gasy if this gas is not enough to reverse the
prassure gradient, it will have in effect a higher
pressure drop over hare beczuse more volume wes flowing
throughes Therefore, it will be a readjusting cf the
pressure gradient.

S0 now we 3o into something like this
(incicating). Now, this readjustment of the pressure
gradient will be upwards. At this point it will be
meving up. At the besinning, we have its maximum
cesition when the gas flow is maximum, and 2s the gas
flow reduces in time, this point will move ba:k decuwn to
this line.

Therefore, if you are interested to know this
pressure gradient, because that is the one that will now
be concentrated to move the cladding, redistribute or
move the cladding, this one is characterized now with a
new effective M which we are plotting here 2t M is a
functicn of time, and that M now will be changing,
teking into account the movement of this point dosnward,
because the r2te of release of gas is goin; down with

time.
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What you see here, the effect of M is
essentially zero 2t the beginning. wWhat that meanrs is,
we are allowing sc much gas there that all of the celta
P can be accommodated from here to here basically
blocking off any flow. S0 M is zero now. If I went
back and put up my previous plot, and I was concernsd
about clad motion this time I would tell you it weculd bhe
draining, because again I will be here. I will be
reading 0.9 times zero is zero. JG star zaro. It means
draininge.

Ckey. Wwell, however, as the gas flocu is
reducedy the M goes upy and in fact in this particular
example, and we fcund it to be the case in many of the
examples we have run, by the time the cladding melts,
and that is about .6 seconds after the rupture of the
cladding, the failure of the cladding M already has
reachec almost its nominal value of about two. M is
already l.6.

Therefore now if I went back to the previous
plot and read off JG star over the squarse root of M and
multiplied it times this, I would get a JG star of l.4.
That puts me into a very low value JG star as far as
uewara relocation is concerned. Therefore, I come back
and say there would be no upward relocation. Zasically,

we exprect the reactor, a location more typical of the R
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series than the P series, and that is really the bottom
line.

MR, CKRENT Wwhat is your probability on this
argument? Is it ene in ten, or e¢ne in 100; or one in
two?

MR, THECFALCUS: VYou have to define first what
you mean. If you wera to run so many experiments in how
many experiments you would not find the blockage? VYou
have to tell me first what you are looking for.

MR, CKRENT: It seems to me the question is a
little broader, because it is not so much experiments,
but given the variety of possible situations that might
exist in the reactor, not just those that pertain to
this experiment, and then given how much one knows here,
what is the likelihood that you will or will not get
blocking above?

MR. THEQFALCUS: You keep coming back with a
veriety of conditions. I think if you told me one
screcific instead of a wide variety of conditions ~- pick
out one you are interested in knowing if cladding will
move upy then I can answer you. We address here what we

thirk are nominal conditions for loss of flow accident.

If you think there is an accident in which you think

there is 2 delta P across the corey that is one psi with

no sodium flowing and cladding melting, then I would be
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able to adoress it, but if yau tell me the delta ?
across the core is zero, fine, I will be able to answer
yCu.

Based upon a loss of flow accident, we pretty
much know what the delte P is across the core, and that
is the fundamental parameter. Now, th2at is thre one
thing that of course you might like to put anather
number on it, but you have to tell me why you want to
choose another number. If you have a very high pressure
you wouldn®t be voiding to start with. You wouldn”t
have a loss of flow. So I am not sure what you are
looking for.

MR. CKRENT: I think there is someuwrat of a
deterministic picture of this situation. The boundary
cenditions for the physical situation you are
describing.

MR. THECFALOUS: Sure.

MR. CKRENT: And it is not at all clear to me
that there isn®t rather a considerable set of boundary
conditions given the title Unprotected Loss of Flow.

MR. THEQFALCUS: I think, Dave, as far as
collateral location, we are almost as deterministic as
we can get, because it is ono condition that leads to
that, and that is loss of the pumping powaer in the

pumps. Now, azain, as I said before, if you postulate
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yeu have the pumping power, you don’t have to worry
about that. If you lost it, you lost {t, and pretty
much you know how much is your delta F across the core.

Nowy 4if anything, it could be something
hzppens to the pump and they arrest. Well, if they
arrest and they can”t pump anything, then you will have
even less celta P and it will be moving out in the
direction of even less collateral location, but I don’t
think it stands to reason now to arbitrarily think of
this problam.

Th.s is probably as clear as we c2n get to put
a lot of undefined probabilistic ambiguous things on it,
because then what will we do in real problems where uwe
have reasons to be ambiguous? So I don’t really want to
take that ambiguity picture. I don’t buy it for this
kind of a problem here.

I will giva you a chance %o raise ambiguity
questions later when I talk about recriticalities.

Okay?

Therefore, we believe that plenum gas blowdown
slightly interferes with upward relocation. I say
slightly here because it is not very pronounced to start
with, ana then it is kind of tipping it off a little
bit. As you see, by the time collateral locates the M

vzlue is close to nominal. That is why I say slightly.
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Nevertheless, we use an upward relocation of 50
centimeters per second. We believe by making this
choice we somewhat overestimate the real tendency for
upward collataral location, and the w2y we do that is
goirg in and putting models in SAS that will give us
this kind of bahavior.

We expect then incomplete block2jes. We say
they cannot ba excluded. Mayhbe to some extent we expect
them if there is enough time. For example in the case I
showed you before, having to do with the plenum gas
compaction, in that case there wasn’t enouzh time to
start with even if the cladding wanted to move upward;
there wasn’t enough time.

Soma of the cases I will show you next, maybe
there is enoush time, and maybe there is some limited
cladding blockages.

The other thing I want to emphasize on those
blockages is, as cladding is relocated upward and
freezes again it causes a lot of concentration of
pressure grading, and that pulls out again, reduces the
effect of M in the core. As a result of that, JG star
gces down and the streaming is cut off and you can”t
cerry any more. Therefore, these Dlockages with a very
high degrse of confidence, almost as high as you can

ever get, I think, for myself, I don’t expect to see
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cempletely blecked up LMFBR bundles under those
conditions.

Here, then, we want to say alsoc that we cannot
significantly plug up the corey, although we might allow
some limited blockage because the upward location of
elugging produces reactivity feedbacks, increzsing
powery then leading us into co-disruption, so it is
almost like you cannot escape. It is almost like the
accident cannot escape.

MR. OKRENT: ESxcuse me. You Jjust made 2
statement that isn“t completely clear to ma, because I
could envisage a situation where you had upwaro motion
of cladding which of course inclucdes 2 reactivity
effect, but that cther things were going on at the same
time sc the net effect was no change in reactivity or
even a decrease in reactivity, so I don”t really
uynderstand,

MR, THECFALOUS: I can answer *his cuestion,
yes. I kind of expected you to bring it up. The other
things that could be happening that would be significant
from the point of view of intensity of reactivity to be
negative would be fuel disruptions. We went through
that beforey, and I think you were telling me there that
maybe the fuel might be more compacting rather than

disturbing. Therefore, the tandency there if anything
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would be to accelerate the accident.

So the only way you have to postulate, and you
have to be consistent i1n this game, that you really
stretch cut the accident so far that you allow a lot of
time, is by assuming monatonic fuel disperssl, anc I
think first of all I don”t agree with this concept of
monatonic disperszl, and I don’t think you would agree
with that.

MR. CKRENT: 3ut we 2re talking about not very
large 2mounts of re2ctivity associated with the amount
of clacding.

MR. THECFALCUS: Thirty-five dollars.

MR. CKRENT: For all of the cladding?

MR, THEOFALCUS: Yes.

MR, CKRENT: I maintain you are not talking
about very large levels of reactivity, and I could
envisage fuel moving around to balance, so I must say at
the moment I remain unconvinced about your statement
about not signficently plugging the core without
reactivity and power increactes. It is not at all clear
to me that is a one t2 one conclusion.

MR. THEJFALCUS: I tkrink you might be more
convinced after you see some of the next vu-graphs. I
think that again in order to understand those things,

one has to make an effort to really look at the physics,
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what ie going on in there. If you postulate 2 monatonic
fuel dispersal, I grant you that is one of the ways you
can stretch out the accident, and you will be blocking
and moving a lot of cladding, but as you will see now,
and I thirk as you alraady agree, the fuel carnot 3o
very far. wWhat is moving the fuel to start with is
fission gases not in very gre2t guantities, and we just
a few moments ago agreed that gas will slip through.

In facty, you also agreed with that. If the
g8s is going to slip through, what is going tc keep ==
that fuel dispersed it is going to come back cowun. Now,
you will see this picture very clearly.

MR. CKRENT: I guess in effect part of what
bothers me, Theoy, is what I tend to be hearing is
something that takes me down a road from the beginning
to the end without sufficient statement of the fact that
there are other roads and there are other combinations
of roadsy and I can”t tell which of these you thirk
might be important, and so forth, but again, at the
mementy I Just dor“t see the basis for the statement
that you seem to have made unequivecally on that
previous vu=-graph.

MR. THECFALCUS: If there are any othaer
rcutes, Dave, that we have not considered that support

ycur ccncept of hcw the accident progresses, we would be
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hzppy to look at those routes and see if we have not in
fact considered them. I think what you are missing here
isy there is 2 certzin time constant or time scale
associated witn fuel motion. There is a time scale
associated with clad motion, and there is a time scale
associated with ancoherencies across the core.

All of those are relevant times, and thay are
not necessarily as ambiguous as you might like to
thinkes Now, we have looked at all of those time
censtants, and we havse looked a2t them from both sides.
As you will see hare, we have looked at them *rom the
peint of view of putting not only nermal but khigher than
normal reactivity worths. We have loocked from the point
of view of putting as low as an activity worthk as you
could. Wa tried to look at the whole range, 2nd I don’t
buy the ceoncept that we are leading you dowun one rcad
here, a one path road. I think in fact the opposite,
and I really want to emphasize that here we are trying
to shou you in this section exactly the whcle spectrum
of routes or the ranges of concditions we can encounter
here, anu we think that is very crucial.

On the other hand, if we have some inherent
processes that always lead us cdoun after going through
scme intermeciate path down the same rcady I don’t think

I should try to jump out of this road just beczuse I
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vant to Jjump out of it. I should have a good reascn for
deing so. 322sically, what we zre saying here is, the
reactivity stage of the materials is such that when you
start disrupting them, you cannot stay at very low
power. That is really the statement of fact we are
s2ying. I think ycu have to produce antigravity. You
have to put things up on the moon if you want to ackieve
that.

Wa are saying, as long as the reactor is
sitting on this earth, you can’t keep it at very low
pcwer for 2 long time. I think that is an important
statement. We believe it, and we hope it comes true.

It is really part of the story.

Nowy if you don”t believe that, you have to
cceme back with some real argument to tell us how
nagica2lly you 2are going to disperse the fuel and keep it
thare. 3ut what cecision you make at this point has an
impact on fuel dispersal, criticality, and all of thosae
things. I don”t think you will be able to get 2
recriticality on the moon where there is no gravity.

20 herey then, is Case B, and this cne is what
de you consicder reference LF case, and here we put all
of the reactivity worths to nominal or slightly above
nominal numbers, and this is exactly the same case with

the previous casa of fission gas compaction I showed
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yous with the only difference being that at this point
where the fuel disrupted, instead of letting the pellets
coming iny rushing in under the prassure of the plenum
328y we let the fuel disrupt.

Nowy, we know what would have happened if the
pallets were free to compact. Now we would like to
follow 2 different path to see what hzppens if the
pellets are somehcw lost in there and they cannot
compact or for some rsason the gas gets blown out and is
net there to push tham down.

You see, what happens is, the fuel introduces
negative reactivity. The power gces dowr, but it
deesn’t stay very long there. 0One tenth of a second,
and boomy, there it goes again. Trat is a funcamental
behavior, 2nd we sre joing to be reslly centering z lot
of ocur thinking and arguments cn that fundamentsl
behavior, that you can’t stay at very low powers after
ycu start disrupting. It is very fundamertal, and I
thirk we can make scme very gocd arguments for *hat.

MR. CKRENT: Again, uwhy is it you can’t stay
at very low powers for times that 2re 2 guarter of 2
second or half a second?

MR. THECFALOUS: 3ecause the core is
incoherent., The core is now different channels

Jndergoing voiding. Some others undergoing steel
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melting. In other channels, fuel is disrupting. In the
ones wherae the fuel has disrupted, it jo0es up. It
cenrot go very far. Then it will come back down 2gain.
The fuel cannot stay in & fully suspended condition,
because there is nothing to keep it there. we have to
have 2 way. 1t is totally an 2rtificial situation., It
we assume the fuel is totally dispersed and stays there
in the absence of any driving forces, the steel is cold
s0 it can’t provicde its own vapor pressures tc stay
beilea upy so it is an impoesibility.

This is all very cleer, VYou will cee 1t even
more clearly in the next slide. At this <imae, *then, at
this burst. Wa have shown the material patterns for
cladding. Most of the core is molten, as you see, and
nowy because this was slower, beczuse of this additional
little time hore that we bought by allowing the initial
fuel to disrupty, we moved some clacding up into the top,
but you ses 1t 1s limited, becasuse these, this cladding
here melted so close to this time they didn’t have time
to move up there.

Therefore, again, most of the core is
unblocked above and below and in fact we balieve that
even those blockages hare are very thin for cne thing
and not fully solicified either. The fuel pattern is

shown over here. A lot of the cors molten. Vapor
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pressure you see hers. Again, remamber, in those
channels shere you have four and five bar and 12=-har,
2ll of those chanrels are ready to give you alss steel
vapor pressures hecause there is 2 lot of steel oround.
5S¢ that is again the concept 2f co-disruption.

On the other extreme of another case in which
we made rezctivity worth as low as we coulay to & very
low socium worth, 100 percent 2xizl expansion, increased
the dopeler and all of those things, we have 3 prclonged
transient maybe by ahbout four seconds compared to the
previous case.

S0 what you see here again, you don’t see 2
menatonic low power. I think it is a very essential
character of this system. It goes up and down. It goes
up and down. I want you also to remember that the time
scale of these things is of the order of .5 seconds.
That is typically the time it takes for the fuel to come
UE and come down. Again, reaching a condition of burst
here, because again some fuel is coming bsck cown again,
ard here is the clad nattern, here is the fuel pattern,
here are the fuel pressures. We give & 40 bar on this
channel &, and because we prolong it 2 little longer, we
have mcre cladding moving upward, and maybe a littla
more btlockagey, but 2gain, the core is largely unblocked,

and againy, remember that with this 50 centimeters a
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. 1 second we doy we cveremphasize the clad motior upwards.
2 Alsoy I think I want to say in all 2f those
3 cases we took into account this M moaificatior, the
4 effect of M, the cause of the plenum gas coming out.
5 Soy to summarize on this case Cy, we expect
8 extensive co-disruption. ke expect extensive axial
7 relief paths, and we expect neutronic activity. That is
8 fundamentl in the initial disrupting st2ges of the corae,
9 and pressures to te presert.
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This is the conclusion of secticn 8, and we
will be making use of those fundamental behaviors &s we
pelieve rapresent 2 broad range of calculations. And it
is not ¢nly those two I am showing here, but we have
dene many more calculations. Wwe will be using those
then 2s we go to examine the potential for
recriticalities and dispersal.

Are there any questions on this Unit C?

(No response.)

MRe THEOQFANQUS: Ckay. Now we can take 2 look

at raecriticality. We have defined recriticality as

MR. OREKNT: Excuse me. Would you say it is
vital to your argument that you don”t block a large part
of the upper blanket region?

MR. THECFANOUS: I don”t think it is vital in
the sense of that I don”t believe if you went there and
you arbitrarily blocked out the upper and lower core, I
woulan®t particularly worry about getting energetics
more than $100 a second. 32ut I think it woulc lead you
in the wrong direction from what is to be considered as
2 best estimzta of behavior.

MR. CKRENT: 32ut you don”t consider it vitzl
from the point of view of threatening the =--

MR. THECFANCUS: The primary system.

MR. CKXRENT: The early release.
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MR. THEQFANQUS: Right. Daves; I think that
will become & little more clear after we 30 through
recriticality. VYou will see what is really the
erergence from the racriticality treatment. If you will
g0 through this ano feel pretty comfortable that even
with the whole material there we can do different thirgs
and not really viclate the primary system, I think
really the concept of blocked=-up core rezlly lea2ds you
to recriticality.

So if recriticality can be bounded in a
reasona2ble way, and 1t°s not all that critically
depencent upen having 8C percent cf the core or 350
percent of the core inventory in the corey, then I think
you look at this cquestion differently.

Ify on the other hardy I came up here and
s2idy 1t is very vital that we lose 20 percent of the
cere in the .initiating phase and lose it only because wa
not able to glugy and if we had 90 percent we would have
2 real big problem from recriticality, then it would
have been vital. So I don®t think it is vital.

MR. CKRENT: Okay.

MR. THECFANQUS: The definition is then =-- and
we will cheracterize haere only those fuel motions that
we get from a disruptes fuel. And where we are in our

general picture here is shoun here. We are concerned
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with 21 of these red paths. Looking a2t the successively
higher core~disrupgtion stages and looking at how we
could end up with an energetic event from those and how
large such an energetic event could be. The reaquirement
tc have such an energetic event is that we have not
removed more than 4C percent of the core inventory. And
I think a2s I said before, this number should he more
like 30 percent, especially for tha early parts of the
disruption.

Nowy compaction can happen two ways. Cne is
through pressurey, and the other is through gravity, or
any combination thereof. We will take a look at each
one of those items,

Pressureo~driven recriticality involves open
channels. If the core was already plugged up, we could
not have the ability to interact fuel with sodium and
praduce pressures and therefore compaction.

Therefore, it has to happen at ithe subassembly
pool stage if such an interaction were to take place,
because if you are in the 2annular fcol stage, by
definition you are 2lreadv plugged up. The annular pool
stage wouldn®t be there if tne exits of the core weren’t
plugged up. So you couldn’t stay there. There’s a fouw
secends 1t takes betwean the end of the initial core

disruption and going into the annular pools. It takes a
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few seconds. You have to melt all of the subassembly
cam walls.,

Through this time then, if there wecre any
cpenings, the fuel in the claddin; inside those
subassemblies would like *o get out. Therefore, that is
fundamental. 3ec2use of this then we expect 2any such
direction, should they occury, to be highly incoherent.
They Just happen independently in subassemblies. And I
remember a number onca, some calculations requiring
scmething like a2 24-meter-per-sacend in 24
subassembliesy I think, to give a number of the order ot
$100 per second. Is that right, Charlie?

MR, 3ELL: 12 subassemblies.

MR. THECFANOUS: 12 subassemblies, 24 meters
per second. That’s a lot of velocity. And from that
you can get an idea of how much pressure you rust have
to procduce the kinds of reactivity ramep rates that are
of interest here.

And finzlly, last but not least, no pressure
evants were noted in a lot of experiments that were made
fer the purpose of addressing this problem. Therefore,
pecause of all of these reasons, we decided we would
like to ignore that, to ignore these mechanisms,

MR. CKRENT: Zxcuse me. 32efore you go ony 1is

there complete agreement 2mong the various participants
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concerring the pressure-driven recriticelity cuesticn?

MR, THEOFANOUS: VYes.

MR, CKRENT: Are there any of the participants
who hold it as something that needs more attention?

MR. THECFANQUS: Yes. There is complets
agreement, It°s unfortunate we didn’t go through the
other part, because following cur plan, following the
definition of all cf the tests =-- and none of them is
addressing these pressure-driven recriticality -=- we
asked all of the consultants and all of the participants
for comments Anc we have not seen any qui. - asout not
considering this pressure~driven recriticality any more
than what we have already.

Cn the other hand, gravity-driven
recriticality is not only possible but is even likely,
we believe. First of 2ll, we 2lways have the
gravitational accelerztion. There will be substantial
heat sinks which promote condensation. And vapor
pressuresy of coursey, 2are the pressures that promote
dispersion. If ycu lose the vapor, you lose the
disgersal poteantial andy, therefore, you go into
recriticality.

And furthermore, there 2re¢ two processes here
that we have suspected for some time. And finally, we

are coming close to being abls to quantify. And those
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are the processes of triggering and tuning. And again
thay =-

MR, CARSON: what are thosa procassaes again?

MR, THECFANCUS: Triggering and tuning. I
will go into that. Thaerefore, because of those reasons,
we decided that recriticality, ggravity-driven
recriticalitiass, need to bhe considered.

First of all, an illustration of the
triggering. It has to do with the high neutrenic
activity we exprect in the initial stages of disruction.
There is a lot of steel around. There are cam walls,
basically, everything one needs to fight fuel
dispersal. As a rosult of that, you see it here going
Jup and downe.

Thereforey, because of the very highly
nonlinear fuel position versus reactivity of the core
state and power state of the ccre high nonlinearity, you
den”t expect that all of the motions will be just about
right, just to keep you always at the optimum level.
There is enough cendensation, there is enough gravity
gcirg ony we believe there will be overshoots and power
bursts very much like what you see here, maybe as much
as a3 few hundred nominal.

That would not gqualify for an energetic event,

but it is a power burst that is felt throughout the
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ccre. And that is what is fundamental. The core is
highly incoherent to start with because of the flux
shapey, and it is highly incoherent also because of the
flow differences across the core.

3ut it has a coherence imposed by the
neutronic activity. In other wcrdsy if tharae is 2
reactivity surge someplace, the whole core faels that
because the power goes up in all of the core. If there
is an activity reduction someplace, the whole core feels
that again because the power goes down through the whole
core.

Therefore, this neutronic coupling 2cross the
core is what leads to this comment of tuning. When you
enter the early disruption stages, you get subassembliaes
fully adispersed and others that haven’t even dispersed
yet or even disrugted. Nowy then, the pressures most
likely in the ones disnersed will be high pressures.

The pressures here will be low pressures. This is
pressure against subassembly number.

And here is a pictorial of the kind of
different states in which the core finds itsalf from one
place to the other. However, as this fuel is dispersed
herey, 1if it can’t stay monotonically in this state, if
it comes down, it will introduce a reactivity, and it°s

possible we might see power a faw hundred times nominal.
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If that is to happen, this subassembly here
will feel that.  whatever pressures it was undergoing,
it is going tc see that power pulse and 1t°s going to
accelerate it for more melting, more vapor disruption
and more dispaersal maybae.

50 even if this were coming down at this
moment, if this had already come down, that power pulse
will produce vapor pressures that might even reverse the
motion for this one. 30 you see there are mechanisms
then for the subassemblies gradually coming in tune.

And that is what we are referring to as "tuning."

And that is shown over rerae, that after a few
cycles of those, we expect to have much lese variation
across the core of pressures, and we expect there will
be more closely related motions and material
configurations in the individual subassemblies within
the core.

MR. XASTENBERG: Theo, what are the intaernal
blanket elements doing during this tuning?

MR. THECFANCUS: That depends on the
sequence. In most of those cases, 2lready they are well
on their way to veiding, 2lready voiding.

MRo. KASTENBERG: And towards the end of life,
their power profile is pretty good because you have bred

in fissicnable material?
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MR, THECFANQUS: That’s righkt.

Nowy this obviously leads us to the question
of how incoherent can we get, and what if we 2chieve
comglete incoherence. And I think from the point of
view of feeling the fuel motions coming back down from
the point of view of an energetic event, coherence maans
a fes milliseconds 2around that prompt burst period.

If there waere some material motion that was
much higher just before that, it doesn’t count. If it
is only material meant to be accelerated downwaras 2t a
later time, it doesn’t count,

Within that narrow window of a recriticality
event, that is what covers all of tha material motion
distributions and all their contributions to
reactivity. That is what counts in getting it through
the prompt burst, and that _s that counts in yielaing
energy. So that is very important.

It could be, for example, two subassembles are
pretty close but still not totally coherent. Cne has to
be careful not to overinterpret that coherence.

So with this in mind, we need to talk about
the time scales. We need to worry about the relevant
time scales. Weo expoct activity, typically a time
censtant of about half a second.

You might argue with mey 7 seconds or 1
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second or mayba .2 seconds, but 1t is typically of 2 feuw
17100trs of a seccnde. That is the periocd betuween the
pulses. It takes on tha order of 1 to 2 seconrcds toc melt
the driver walls. That is roughly how long it takes,
and you won’t find very big variations of opinion on
that,

Therefore, with this kind of a pulsing period
here, you can ses that you only have time enough for
something on the crder of 2 to 4 pulees before you lose
all of the subassembly wall structure.

Nows it is possible that these pulses become
arplifiecd. 1t°s pcssible thay become more cokerent
because of morae coherency motion. However, we beliave
== and that is a2 qualitative argument == it is rather
unlikely that we have 2 highly incoherent ccore to start
with getting to tris. And now within only 2 or 3 pulses
to ask a perfect coherence before we lose the
subassembly walls. Ang that is, I think, also important
tc remamber.

Those gualitative considerations then lead us
te the identification of certain trends. We call those
the principal trends. The initial motions are highly
incoherent. Oscillatory motions a2re gradually tuned and
amplifyirg due to highly nonlirear compaction states

versus power ralationship. Heat sinks influenrce, but do
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not control, the dynamics of fallback.

With this introduction, we are ready to
discuss the extent of recriticalities and the ramp rates
dassociated with that., And before we do that, I would
like to say 2 few words about the reactivity
cenfiguration. The reactivity state of different
cenfigurations of the core.

As we look at the core, we can identify the
inner ringy the inner two rings, and then the ocuter
annular region that we separate into ‘w2 rings. And to
got & perspective 2gainst which to judge fuel motions
and the reactivity ramp rates associated with those
motions, we have looked at different configurations of
compaction of thase different rings, different
combinations of them.

And here I will go only to show, bacause of
time limitations, only one part of that. And that is
the cage in which the two inner rings are compacted
¢hile the tuwuc outer rings remain in full height, What
e 2re showing here 1s if you 2re to compact those two
inner ringsy you must remove scma fuel, you must reduce
thra whole core inventory hbecause otharwise you will be
supercritical.

And here is the trajectory. F=or exzmple, for

a given compaction state of these two inner rings; you
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find out how much core inventory removal you must have
before that condition is possible. what this 1ells you
{s that even with a relatively minute guantity of core
inventcry be.ng removed, you can accommodate pratty
large amounts of puddlings on the order of 20 or 30
centimeters, almost a full pudaling of the two innar
rings.

And *his is important for tuo reasons, 2nd one
of those reasons is something more on the matter of
curiosity,y, but I think 1% is very interesting, and we
decided to discuss it here. And this came up as, I
guess, a result of us looking intec the details of the
disassembly phenomenology that I mentioned uncder A,

Especially here is an interplay between the
r2pid response you obtain from single-phase fuel when it
is hosted because of a high pulse against the slcw
responcte vou gat from a two-phase medium as it is heated
through a high pulse.

If you were to do thzt, as yru saw under A, if
ycu were tc do that over the whole core whan the fuel
core was mclten and compacted, you cculd put probdbably
$1000 & secona #nd you wouldn’t have Felt anytiing
because it diszssemblaes very aquickly.

3ut if you were to do this 7zith a srall amount

of puccling at the bottom and 21l of the rest of the
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core being dispersed, the same effect could ceme in to
give you 2 positive reactivity feedback during
disassembliy. We «ill call it an extra kick. In other
werdsy it tries to go through this assembly; it can”t
make it because the single-phase puddle aexpands into the
high=-worth region and that gives it another, it
hesitates 2 little bit and gives it another big pulse in
activity and comes doun.

This is cne of the new things, for example, we
found in this whole nrocess, and I think it is auite
interesting. First of all, let us take 2 look agzin at
the configuration. I mentioned before the twec inner
rings puddle a2t different levels while the tuwc outer
rings stay upe. And let’s look at the flux profile
against the puddle height. S0 the puddle is tc the left
of this here.

So this point is we start out with 2 fully
dispersed two-phase ragion in these two inner rings.

Tha next one over here, we let it puddle by something
like 10 centimeters at the bottom. The whole thing is
ceming down and puddles by 10 centimeters. What you
notice is that the height of the puddle is belcw the
peak of the flux and the magnitude of the flux, of
coursey, itself reflects the worth of the materials.

And now if you artificially =-- and I say
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artificially because we are not resnlly sura akbout that
== but if you postulate that this puddle camnot expand
dcunwards. And tc really assoss that -- we haven’t done
that == to really asvess, you need to have a cougpled
structural hydrodynanic neutronic quality whara you do 2
whole structural response to that to see if you zan push
anything downwards.

3ut if you assume you can fix the bottem of
this puddle and you only let it disassemble upwarcs in
one dimension as it goes through the heating in the
early part of the disassembly, wh2t you are observing 1is
this puddle is going to be moving very rapidly, much
more rapidly than the two-phase fluid out here is going
to be moving out. It will be moving into high void
regionsy giving high reactivity ratas.

Then what happens is, as the degree of
puddling decreases, and that is shown succaessiveoly from
here to haere to here to here to here, this distance
between the maximum and the puddle height decreases and
at some level of puddlingy in fact, coincide znd from
then on the maximum is inside the puddle.

In this level here, of course, the puddling
effect is benaficial because it expands quickly, it ssts
itself out quickly. In this range ovor here it is

detrimental. So we have plotted then this differencae.
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And when 1t is positive, it is detrimental; when it is
negativey, 1t is beneficial.

We have plotted that against the degree of
puddling. And what you see is the point of breaking
even here is 20 centimeters of puddling. If the puddle
is greater than that the effect is beneficial.
Throughout this range then, if we have 2 disassembly, we
expect we will gat 2gain, i¢ the bottom is what expects
some rotation.

From that point of view then, it is very
interesting to kncw how much of puddling is possible in
these two innar states. And I want to put out the
previcus plot to show you that in crder to get a
20=centimeter puddle, you must remove Jjust 1.5 percent
of the whole core. And we thirk there is no coubt at
all we will be able to do that.

If you remove any more than that, you need
puddling higher than 20 centimeters, and therefore, wa
feal from the point of view of the CRBR assessment, the
present assessmont, that this point becomes moot.

Againy in more detail, to obtain this
yardsticky I was saying before, we have here plotted the
reactivity of the core as a function of the puddla depth
in these two inner rings. And then taking the

derivative of this, we are showing the differential
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sorth per cantimeter of fuel.

What this number shous is, and reading it over
here by how many cents will the reactivity increase per
sgch centimeter of fuel compaction that we have, what’s
interesting to see is there is a maximum right around
the 25-centimeters and as the degree of puddling
increzses; this dif{eraential worth is going dcun.

Againy relating this back to the amounts to be
removed a2nd the high degree of puddling expected here to
get recriticalityy, you see that the r2tes will be low.
Se now having this number, and we have, anc we are
producing even more plots of this type for different

configurations of ringsy, having these numbers, ones can

relate a velocity of puddling or a velocity of settling

tc @ ramp rate. You Jjust basically multiply.

What you are seeing here is 30 cents per
centimeter, There are other ca2ses we have seen of 40
centsy other casss of 80 cents., ke think, however, we
can bound everything wae have seeny, all of these
different combinations, very crudely but gu‘te
acdecuately by $1 per centimeter of reactivity worth,
differential worth,

Nows then, looking into going back into the
subassemblies and looking at the cscillatory bahavior of

thre subassombliesy we can postulate a power pulse of the
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type we sauy in triggering or tuning that will produce a
high-pressure region someplace in the center cf the
mass, leaving half of the mass on one side ancd the other
hzlf on the other side, and therefore, this
high-pressure region causing an explusion of this mass
upwards.

Nowy the dimensicns here are such that the
distance traveled by the slug divided by the slug
thickness is 2. And the aspect ratio of the slug is
also 2. And we have some experimental analytical
information that indicates that under these conditions
the slug will in fact break up on its way up.
Basicallyy the bubble will vent through. It can’t just
push up the slug in a one~dimensional configuration,
make it go up and let it come back downe. In fact there
will be 3 venting, 2 vent throughe.

So it will be 2 pressure equilibration. And
1f this is about half as i“ is in the reactor and if
it°s one-half of the half, or 25 percent, and this is
another two of thosey you see that if you took that
liquid and disperse it over this volume, you will
produce a void fractiony, a typical void fraction or an
average void fractiony, of 66 percent.

Nowy 1if you took all of that fuel mzterial and

let it calm aoun under gravity, you have lost the
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meximum velocity of 3 meters per second. If you

multiply that times the liquid fraction up here, that

would be something like 0.34 percent, and that gives you

a8 puddling rate or an accumulation of the liquid in the

puddle of 1 meter per second.

So you Pave to multiply this now times tha §$1

per centimeter for the whole core, arbitrarily assuming

that all of the subassenblies are doing this together,

exactly togethery and then you get $100 per second.

So that is the way <hat we have bounded this

kind of recriticality from a subassembly pool stage. We

think this is an extremely pessimistic number bLecause wa

pelieve that the coherence of this going up and down is

extremaly, extremely =-- this coherent behavior is

extremaly unlikely.

here,

I also want to menticn Jjust for compieteness

cther breakup mechanisms. There is a breakup

mechanism because there will be steel interdispersed in

that fuel. whan the power pulse comesy the fuel hits it

very quicklyy, and the steel becomes very hard, and that

acts like local nucleation centers that throw ocut the

rest of the liguide So it°s a kind of randomness of the

breakup process introduced beczuse of this process here.

tope.

In addition, we have stabilities nezr thre

when that slug, whatever little was left of it as
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it tries to go in the topy compresses whatever vapors
are there, you will experience 2 deceleration and
therefore another breakup.

Furthermore -- and we have seen this in
calculations also -- initially, because of the very,
very thin power beating there is a tremendous
temperature gradient over this whole liquid slujz. So
the first material to flush produces vapor, pushes the
bubble around, and then more and more cold material, as
shown over here, btecomes exposed to that vapor.

So you have a lot of condensation going over
nere, a very high vapor flow which maybe even might
produce some instabilities here. B3ut in addition,
because of the condensation, you are left with the other
material down here that itself now is providing vapor
ana flushing. So that it is almost like an erosion
process going on.

So this highly coherent behavior then is
characteristic more of the annular rather than the
subassembly pool. So that is what is shown over PFerae.

And this is a SIMMER calculation that shouws
that the breakup of those puddles and slugs is not only
a result of detailed instability behavior but also the
gross hydrodynamics, as reflected by SIMMER, shows you a

similar venting.
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And again we have seen that in some
experimants, specifically some of the MARX-TIII
experiments, which 2re quite relevant here. You have an
annular pool there also. I can go over that in a couple
of minutes.

This is an annular pool. This is thre
cross-section of the annular pool. We assume i1t°s all
compacted ana put a powar pulse here, something on the
order of 300 nominal. The flux peaking is such that the
peak occurs to the inner edges of the pool and somewhere
around the lower parts. So 1t°s someuhere there
(indicating).

This is at ZC-meter segmants beginning to
nuclaate. These contours indicate liquid fraction
contours. 40 milliseconds later you see a bukble
developing and pushing upwards, and that induces motion
also into that licuid upwards.

At 60 milliseconds later you see the bubble
making it all the way up to the top, and you see the
bubble hitting the top and wanting to rain back in. And
at 140 milliseconds, in fact, you see the whole process
like a circular thing coming in.

At some point along this process, this
upward=-moving film loses its momentum and revarses

motion and starts slumping back decwun. And this one is
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ceming back in. This is only pictorial to illustrate
the gross fluid mechanics. We believe there zre 2 lot
of other instabilities present that will tend to destroy
to some extent this general well-behaved pattern.

However, from the point of view of
accumulation at the bottom here, this is the mass
inventory. This is kilograms versus time. Tt is going
dcwn aquickly during this process, and then it starts
accumulating back in again and is shown back like that.
we take the slope of this and that is 13 kilograms per
second. That®s how much mass accumulates at the bottom
of this pocl.

Multicly that times s factor to convert the
kilograms per second into a velocity sf puddling based
upon the cross-secticon of the pool, 2and you end up with
34 centimeters per second times $100 per centimeter.
That®s §25 a second. So it is fairly gqualifying for an
energetic esvent.

MR. KASTENBERG: Theoy 2gain what are thre
blanket elements coing at this point, the ones inside?
Have they all melted 2lso?

MR, THECFANCUS: No. This is addressing the
annular pocl phase. So that is before the inrer blanket
assemblies have melted. If they were molten, then we

would have a full core pooly a whols core posl. we are
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geing to address this whole core pool directly when uwe
come to the conclusions.

We have not dore very detailed specific for
the CRER calculations. Well, there were some done
earlier, but we believe that the likelihood of the whole
core pool as you will see is extremely small.

Cn the other handy, if such a core pcol were to
teke placey I think at this point we are all someuhat
undeciced as far as the energetic behavior. We think
tnarae is 2 possibility of having higher energetics there
because 1t°s more coherent and because it allous for
this oscillation and sloshing that SIMMER predicts.

S0 from that point of view, we are going to
take a penalty there in our probabilities. When we look
at the whole core pool and look at the chances for that
getting us into troubley, failing the system basically,
we will a2ssign 2 much greater number to that versus
assigring a number for failure of the vessel for this
kind of configuration.

MR. XKASTENBERG: 1Is this ramp rate you have a
maximum ramp rate?

MR. THECFANQUS: VYes. As you seoy it°s the
maximum ramp rate for this process here. And that is
typical of the kinds of things we see I thirk there

are ways by which you can make that somewhat Figher, but
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‘ 1 we have never :sen anything more because of this
2 reassembly, so tu speak. We have never seen anything
3 more than the kincdz of numbers I showed in the pravious
4 oney which was ab.ut $100. Anc in facty not even
5 approaching that.
6 MR, KASTENBERG: Let me ask onas more
7  question. That ramp rate is based upon a flux
8 distribution that was calculated staticallys right?
) MR. THEQOFANCUS: Right.
10 MR, XASTENSERG: This is not a coupled

1 nautronics?

12 MR. THECFANCUS: No. That’s right.

13 MR. XASTEN3ERG: So you Just imposecd this
‘ 14 motion on these curves you showed us before?

15 MR. THECFANCUS: That’s right; except for

16 those curves I showed you before were obtainec for 2

17 configuration in which the two inner rings were slumping

18 and we have 2ll kinds of sets of graphs to do that

19 because it is much easier and simpler to do this kind of

20 calculationy and it°s not meaningful to spend a lot of

21 meney doing the coupled.

22 MR. CKRENT: The concern that Los Alamos and

23 Sandia may have expressed about the potential for high
‘ 24 ramp rates during @ transition phase, doces this arise

25 from this phenomena in 2 fully molten core?
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MR, THECFANOUS: Yes.

MR. OKRENT: That is the only concern?

MR« THECFANOUS: Yes. And by the way, this
coencern is interesting to me. I think it is a valid
cencern. I don”t think we have scrutinized it enough
yet to know for sure how much of 2 real concern it is or
should be. But having not done that, I think we should
view it now as a real concern.

But it°s not definite that if you have a3 whole
cere pooly in my opinion, you will have a very, very
energetic situation. I don’t think anyone has
demonstrated that yet.

In summary then of this recriticality
business, we foel that the gravity-driven
recriticalities are important. Fkigh neutronic
activities and pressures dominate the subassembly wall
disruption period, and subassembly and annular pool
recriticalities are bounded by $100 per saconc; in fact,
boeunded by well below $100 per second.

And I have one more section to goy, and that is
on the dispersal. We are scheduled tc go to lunch at
1200 o°clocks Mr. Carbhony, what is your pleasure?

MR, CARBCON: I am being lobbied to eat at this
time. Would anyonre prefer to continue?

MR, OKRENT: I prefer to eat.
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recessaed,

MR. CARBON: Let’s break until about 5 zfter.
(Whereupon, &t 1:05 pem.y the subcormittee

to reconvene at 2:05 peme.y this same day.)
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AFTERNCON SESSION
(2315 pems)

MR. THEQFANJUS: Well, we just completed
lecoking into these paths, and the last unit of
presentation will be lcoking at these green paths.

Oispersal. Wwhen cne is concerned about
dispersal, one reeds to assess freezing mechanisms, one
neecds to know what aresas are available for fuel to get
out nonenergetically, and also, one needs to know what
pressures are behind the fuel pushing it into all of the
spaces that lead out. And we will try to lock into
these matters.

It appears that I have lost one vu-graph, and
I don®t see it here. I have an empty one with me. I am
afraid I threuw away the good one and kept this one. I
will refer you to the Figure 23.E.2. That should be in
the handouts that were given out today. This is one of
the vu-graphs we made yesterday.

And what you see there is 2a process through
which we have gone in order to benchmark SIMMER for the
purpose of predicting fuel removal through rod¢ bundle
geometries and through gap geometries.

In the rod bundle geometries we have tests
that have been developaed or run at Argonne Nationazl

Leboratory over a period of years, and those 2re called
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Ainjection tests. A thermite anywhere from .5 to 2
kilograms was injected into a tundle geometry, and the

penetration and plugsing was measured. And these were

done over a range of 272 to 1173 Kelvin clad temperatura

rénge with driving pressures anywhere from 25 bar to 26
bar. They, in general, gave penetrations >f the crder
of one foot to one and a half feet.

What was shown on this slide was these five
Argonnae tests at diffarent pressure levels, tha SIMMER
predictions on the data. And you can’t see any real

trends with pressure. I think the general idea from

thies is indeed if you inject under this kind of pressure

thermite materials, and by inference, material that has
been core disruptive in the actual reactor, it would
tenc to penetrate the bundle upwards of one foot.

The other thing to point out here is because
the cladding nato}ial is entering the blanket arez, the
cladding of course melts, so that the actual space
occupied by this 3C centimeters, say, of fuel material
is more than what would have been occupied if this came
out of the core.

And the main purpose of doing this
benchmarking is because we wanted to use this dats as <ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>