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s o PROCEEDINGS
. 2 & MR. CARBON: The meeting will now come to order. This
3 is a meeting of the Advisory Committee on Reactcr Safeguards,
. s l Subcommittee on Advanced Reactors. My name is Dr. Carbon. The

g 3 a other ACRS member present is Dr. Kerr. Dr. Plessett will be here

% 6 ; soon. Dr. First, a consultant, will also be here soon.

~N !

? 7§ ) The purpose of this meeting is to review the NRC

~

§ 8 sponsored research on advanced reactors. The meeting is being

J

; 9 conducted in acceordance with the provisions of the Federal

; 10 7 Advisory Committee Act, and the Government in the Sunshine

g “g Act.

g 12 ; Pau. Boehnert is the designated federal employee for

.g 13 | the meeting. The rules for participation n today's meeting

g 14 f have been announced as part of the notice of this meeting,

=

§ ‘5’ previously published in the Federal Register on June 24, 1980.

zf' 16 A transcript of the meeting is being kept and will be

g 17 ; made available as stated in the Federal Register notice. It is

=

Z 18 requested that each speaker identify himself and speak clearly.

£ :

g ‘9§F We have received no written comments or requests to make oral
205! statements. We will proceed with the meeting in just a moment.
2]fi I will call upon Dr. Kelber of the NRC at that time.

.
22'3 I would like to suggest, Charlie, that you ask each of the people
23 to stick almost religiously to the time schedule because we have

. 24 | got to be out of here at 1:00.

25 There is another meeting scheduled in here.

ALDERSON REPORTING COMPANY, INC.
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MR. KFLBER: We have impressed upon them the serious-
ness of allowing adequate time for discussion.

MR. CARBON: I would propose to foregc the executive
session and simply try toc move everything up five minutes. So,

at 8:35, I will call on you Charlie.

MR. KELBER: I am Charles Kelber, Assistant Directer

for Advanced Reactor Safety Research. I want to summarize today

our understanding of the concerns raised by the ACRS about the

work in this area.

(Slide.)

We will discuss what our response has been to that.
We have attempted to reapond positively to ACRS recommendations |
regarding the aims of our research. This response has taken two
forms. One, the redirection or change in emphasis on existing
work, such as the work with the super-system code and Branda;
and two, the development of new approaches that focus clearly
on ACRS concerns, such as the fuel testing sensitivity program.

These efforts, we juage to have a high promise of
success, if the research is continued at the level of effort
requested by the Office of Research. The effort will be con-
cent .ated on these concerns.

There will be a certain level of code development and
code support to improve computing efficiency. You have heard
some of that last week in the discussion of the SIMMER code.

The major use of the codes will be their application to these

ALDERSON REPORTING COMPANY, INC.
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concerns.
We anticipate some testing to continue as well, par-
ticularly to improve our knowledge of key processes ind develop-

ment through key models. On the succeeding vu-grapls, we summarize
|

|

the major efforts, responding to each recommendation. ;

It is noteworthy to remark in this, the benefit from
participation in exchanges with foreigh programs. As early ,
recommendation of the ACRS made several years ago was to derive |
maximum benefit from such programs. We are obviously doing just
that. 7

As you know, the emphasis on core melt accidents and
core disruption accidents varies from country to country, being
somewhat similar to our own in Germany, being somewhat similar in;
England, and noted practically only in passing in France. We !
have had considerable benefit from the discussions with our
foreign partners in this matter, as well as with the broader
range of accidents.

The accena delineation phase one report was discussed
with you last week. Today, you will hear some about the SSC code
and the COMMIX code, which will be used to study a variety of |
problems in the area of flow transients.

As has been described to you, we are carrying on =-- I
apologize for the wvu-graph, the misprints there are pretty bad.

We will be reporting further on the heterogenous vers.s homoge-

nous core study that has been under way now for some while.

ALDERSON REPORTING COMPANY, INC.



bfm5 ' | First at Argonne, and now at Los Alamos.
[
. 2 : MR. CARBON: Let me interrupt here, if I may. The first|
i |
3 | recommendation we made when these reports started coming out was
. < | to place a lot more emphasis on accident delineation, analyzing
g 5 % accidents of a very broad spectrum. It is cuite true that last
% 6 : woek, or whenever it was, there was a mention of the accident 5
g 7 ; delineation phase one report. I did not think of it in terms !
- [ |
i 8 | of a discussion. I don't feel I have mush of an understanding

9 | or appreciation of what you are doing there.
|

10 I wish you would expand on that at the moment.
n | MR. KELBER: The accident delineation effort started

12 | as a response to an attempt by the CRBR project to introduce

. 13 | risk analysis into the licensing stream. It was a defensive: ]
14 | reaction. \
15 | Up to that time, despite the ACRS recommendation,

16 | we have been prohibited f-om doing this work by the director --

17 MR. CARBON: Our recommendation was on a generic basis.
i

18 MR. KELBER: The effort then started purely as an

19 | accident delinea.ion effort That is, no probabilistic input.

300 TrH STREET, SW. | REPORTERS BUILDING, WASHINGTON, DO -

20 | This is in keeping with a tradition which has not yet changed

2IL within the Office of Research, although it may be changing to
22*; restrict participation in these matters to a particular group.
23 ? The claim is that peculiar expertise is needed to do
‘ 24 ‘ probabilistic studies which may be correct. Then, we suffered
25 | a number of managerial problems in thes effort, particularly

é ALDERSON REPORTING COMPANY. INC.
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when the -- after the licensing of CRBR was deferred.

The effort within DOE in this area also decreased. We
lost some focus. We took some ste.- to redress this deficiency.
We now have, I believe, a first rate manager in charge of that
effort, Milt Clauser, from whom you heard last week.

We are making significant progress. We alsc had some ;

|
conceptual difficulties. The conceptual difficulties were how ?
to deal with all the phenomena encountered in treatment of
core melt accidents; vet significant progress had been made ir
the discussion of accident initiators and events that might
lead up to core melt :ccidents.

I believe this is where you thought there should

i

be more emphasis. Under Clauser's direction, we have gotten over |

|
}

those roacd blocks. %We believe there has been perspective put
into the prcgram. We are now ready to have very wide-spread
review of this work.

MR. CARBON: How long has he been at it and how many
people does he have?

MR. KELBER: Six months, and three people.

MR. CARBON: Plus himself?

MR. KELBER: Plus himself. He also directs the effort
on the CONTAIN code. Now, we did have a draft repohrt which was
extensively reviewed. That review was then factored into this
latest report, which is now in pretty good shape.

On this we will have a review group meeting. Of course,

ALDERSON REPORTING COMPANY, INC.
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the ACRS will be notified of that review group m=eting when it
is scheduled.

We would propose then to discuss these questions in
a wider arena, particularly, there are two aspects of the report
that I think are very interesting.

I know they are of great interest to DOE as well. That
is the sensitivity of the system tc the loss of heat sink. Of @
course, all reactor plants are sensitive to the loss of heat
sink. There are many varieties of choices available to the
LMFBR to remove residual heat. ,

DOE has been going through a very considerable
study of the way to remove residual heat. They are trying to
arrive at criteria to decide whica is best. I think it would .
be a review group meeting for +t»e .c :idetn delineation report
to focus on this issue of how tO ensu-e reliability of residual
heat removal. That would be mutually rewarding, both to us and
DOE.

I think I look forward to that aspect of it. Somewhat
surprising to me, and I think surprising to a number of us, was
at the opposite end of the spectrum. The finding that the favored
mode for containment fzilure, though not necessarily from a
consequence point of view but from a frequency point of view,
was estimated to be base mat melt-through.

This probably contradicts WASH-1400. It certainly

contradicts the Zion-Indian Point study, which indicates that

ALDERSON REPORTING COMPANY, INC.
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base mat melt-through is probably unlikely at all, particularly
if you have a thick base mat.

S0, we are going to have to loock at that as well. I
do believe that from the point of view of the design criteria,
and accident prevention, focus on how you establish the greatest
reliability for residual heat removal is a topic of mutual
interest, both to us and Du

That, I think, is what the focus of our review group
meetings should be. We would anticipate having that as soon as
the report becomes widely available. We now have a rather thick
draft.

MR. KERR: 1Is this a review group that is now in
being?

MR. KELBER: Do we have a regular review group?

VOICE: We had a review group meeting on the first
draft in October --

VOICE 2: January '79.

VOICE: I would estimate we would try to ==

MR. CARE"~N: Excuse me, I am very confused here. I
thought this report -- I {hought this was six months. You are
talking about a review 18 months ago?

VOICE: That is correct. There was a previous draft.

MR. CARFON: He just started on this six months ago.

wCICE: This has been under -- we have had three

managers ¢ this problem.

ALDERSON REPORTING COMPANY, INC.
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MR. CARBON: I see. Does this report reflect what has
been done in the last six months? ;
VOICE: It reflects the entire work; however, there
were enough serious problems raised in the review of 18 months
ago that the report was essentially completely rewritten over |

the rreiod.

|

MR. CARBON: Okay. So, then there is or is not a revie%
group at this time?

VOICE: We would -- to what extent we could reconstituté
the same people is problematic. ;

MR. KELBER: Ve will get some of the same people.

VOICE: We will get some of the same pecple and get
some new people. |

MR. CARBON: Give some examples of how many and who |
will be on it.

MR. KELBER: Well, the review group itself consists
of federal employees. I assume we would have someone from
DOE. We usually have had their cooperation in this.

There will be Dr. Cnrtis, *~ho will be the chairman.
We w.ll attempt to get s.T:0ne ‘'om ! R, but as you know, they
have no expertise anymore in t! .3 ~.<a. Whether they will par-
ticipate in this or not, we do not know.

We would attempt to get someone from the probabilistic
analysis staff. Again, in the past, we have had perhaps grudging

cooperation. It is improving. We will hope for better.

ALDERSON REPORTING COMPANY, IM C.
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in addition, we will have a wide range of consultants.
one difficulty that we do have is that a great deal of the
outside expertise that we do rely on is at Sandia, itself. They
have done a lot of peer review, but it would not be reasonable
~0 ask them to take part in a critical review of a Sandia
report.

We may have them on hand anyhow to lend expertise. I
think we will go to Los Alamos, to Argonne, and we will attempt
to get some of the GE people who have been doing work for DOE
to come in as well.

We will aslo consult with DOE, whether “here are sone
others that might be appropriate.

(Slide.)

Now, the next issie is natural convection, and do we
need a new facility? That will be the focus of a number of --
at least two talks today. We did have a very good specialist
meeting at B & L this last February to develop some concerns.

OQut cf that, we developed the viewpoint that, at least,
some DOe work on a new facility wes very well thought out. This
is the work at AI. We think *h»_ they have done a good jok ot
analyzing the need.

It does appear to be reasonably specific to the design.
In scale, it is not too much different from the tests, I believe,
that you saw, Dr. Carbon, on Carl's work. The unanswered gques-

tion is to what extent we need full-scale tests.

ALDERSON REPORTING COMPANY, INC.
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fmll 1 I know that in a sort of academic or generic way,

. 2 there are tests being done at Grenoble at essentially full-scale.

3 | These are to address problems associated with very low flow rates

I
‘ 4 | where the conductivity of the sodium makes a big difference in
|
3 tha behavior. ;
é | MR. KERR: I do not remember the language in the ACRS |

7 report specifically, but my memory was the last ones adjusted

i . ¢ 43
8; that you determine whether a facility was needed to settle the

|

u . : ;
? question. I presume from what you are saying, your determination
10 '

is yes, a facility is needed.

n MR. KELBER: At this time, we see no reason to

12 contradict the AI point of view. The sum total of all of our
13 | inrvestigations to date is yes, a new facility is needed. It
4 | should be reasonably specific to the design involved. |

|
15 MR. CARBON: Have you addressed that parcific point?

16 | vou simply did not pass over it and go on to designing a facility?

400 TTH STREET, SW. , REPOh VERS BUILDING, WASHINGTON, D.C. 20024 (202) 554 2345

|
17 3 MR. KELBER: No, we are not going to design a facility.
‘agi DOE is doing that.
'9?‘ MR. CARBON: Have you specifically addressed the ques-
20?! tion though of whether a facility is needed?
2‘5! MR. KELBER: No. We did a review of the AI paper
i
2 and felt that their analysis was good.
23 ? MR. CARBON: Did they analyze whether one was needed?
. 24 ' MR. KELBER: I think, yes. That is the in the pro-

25 ceedings of the Brookhaven report. I guess =-- when will that

ALDERSON REPORTING COMPANY. INC.
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report be out? It should be out very soon.

VOICE: The Chairman should be here shortly.

MR. CARBON: Is that item number two? That is out, I
think.

MR. KELBER: I have not seen it, but it should be
our very shortly.

MR. CARBON: The papers are out.

MR. KELBER: Yes. I don't know what DOE's feeling is
on this to tell you the truth. We have not really discussed
with them their plans. I think one of the reasons is that they
themselves are trying to make up their minds. We are going to
urge them to continue to support that work.

MR. CARBON: Our question was determine whether, also
it referred to commercial size. Is this working?

MR. KELBER: The AI work is aimed at the conceptual
design stuff.

MR. CARBON: For both loop and pool?

MR. KELBER: The point they make is it should be

reasonably specific with the design. I think, therefore, if one

were to -- that their argument is that you have at least the
conceptual design in mind when you design the loop.

MR. KERR: I think this question grew out of a
discussion of the validity of existing or planned codes to

analyze the natural circulation situation.

At the tirie, it was not clear whether the codes needed

ALCERSON REPORTING COMPANY, INC.
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validation in an experiment that was near commercial size.
Since that time, apparently the conclusion is that,
indeed, in order to have confidence in the goals of that regime --
MR. KELBER: Let me comment on the regimes where the
size effects are apparently important. The IA paper points

out there are two types of regimes. Scaling is not too bad

to do.

We are, as you krow, cooperating with DOE in making
an independent review of the FFTF natural convection tests.
That report has been out. The work that is now being done is
to relate the values predicted by the code to what will be
mez2suzred by the instruments.

As you know, there is a tranfer function to the instru-é
ment. We want to anticipate that as well, particularly since
we have the time.

MR. CARBON: I did not know you were making this review.
Who is doing that?

MR. KELBER: Brookhaven.

MR. CARBON: This is a joint NRC-DOE?

MR. KELBER: Yes, DOE has furnished us with the test
conditions, the instrument locations, and the other input data.

We -- plant description of FFTF.
MR. CARBON: 1Is this what will be or what was run?
MR. KELBER: What will be.

MR. CARBON: What will be.

ALDERSON REPORTING COMPANY. INC.



300 TTH STREET, SW. | REPORTERS BUILDING, WASHINGTON, D.C. 20024 (202) 554.2345

10

11

12

13

14

15

16

17

19

20

2]

22

23

24

25

S ———

14
MR. KELBER: We have made these prodeictions. The

report has been published. So, these are true predicticns. We

have also done code comparisons. DOE has also done code compari=- |

sons. As I say, we are now looking at the question of how the
what is actually measured, how it relates to what the code
actually does. The two things are not synonymous.

If I can summarize the question of code validation
very briefly, it would be this way: The early part of the
transition to natural convection, while the flow is still in the
turbulent regime, there seems to be little doubt in people's
minds that comparisons with tests substantiate the use of
the code for larger scale.

As you make the transition into the laminar flow
regimes, a variety of scale effects become important. As you go
out longer and longer in time, it is -- and particularly as
new heat t-:nsfer paths become significant or as conductivity
paths become significant -- then the wvalidation at small scale
becomes less and less assured.

Let me put it that way. Validation on small scale is
a usefule basis for extrapolation to large scale. There are
also details of design that may heavily influence the output.
For example, I am told -- I cannot cite any autharity on this --
but I am told that PFR, which is a fairly large-scale machine but
not commercial scale, has vortices in the outlet, also arund the

entrance to the IHX where the dip heat exchanges are located.

ALDERSON REPORTING COMPANY, INC.
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That is a function of design detail. Whether you could |
reproduce -- expect to reproduce that in a full-scale design, or
even one to us is a good question. It certainly influences the
tenperature distribution at low flow rates.

MR. CARBON: ILet me interrupt.

MR, KELBER: Those experiments are not well instrumentedL
I know that Dr. Plessett is very pessimistic about our ability g
to do a great deal with that. |

MR. CARBON: Let me interrupt there. I think you
said you are told about those PFR tests. Is it correct that the ;
British have been unwilling to give vou enough detail to really |
analyze --

MR. KELBER: This was taken up at the last coordinator'i
conference that was held this June in the UK. The statement |
that was made there was that the British side thought that
Colin Gradtry and Bill Sha -- Bill is here today =-- have an
understanding on data transfer. I suspect Bill will be happy
to tell you his knowledge of the PFR test in whatever detail you
wish.

MR. CARBON: I will ask now or then, do we have enough
of the information =-- do we have all of +k2 iniormation, so
to speak, on their natural circulation test, that we know why
they could not predict natural circulation results?

They were unable ahead of time to predict what was

going to happen.

ALDERSON REPORTING COMPANY. INC.
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MR. SHA: I had two lengthy discussions with Colin
Gradtry. They are very open-minded and very willing to give us
all the knowledge and results they have on PFR. That is what he
promised me.

MR. CARBON: So, they are willing, but we do not have
it yet.

MR. SHA: They do not quite understand the phenomenon
going on at the PFR. Certain portions, they are still in
doubt. That is why they asked us to come in, use the COMMIX
code to try to close this gap.

MR. CARBON: Does this imply that there is a real
coordinated effort to try between us and them to understand
what is going on?

MR. SHA: I think the emphasis is real, but the
problem is funding situation. That is the problem. They are
waiting =-- both sides are waiting to cooperate to a full extent.
They are anxious for our help. We would like to understand what

is going on over there.

They provided all the data they have, all the knowledge

they have. We will give all the code capability to try to have
joint efforts to try and understand the situation.

MR. CARBON: The funding problem on our side is NRC
funding to support this?

MR. SHA: Yes.

MR. KELBER: As our budget situation becomes clear, we

ALDERSON REPORTING COMPANY. INC.
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have had discussions with Bill Sha on what is needed to support
this work. As our fuding situation becomes clear, we will attempt|
to see whether we can provide funds for this. When we provide
funds for a special corroborative effort, we generally like to
have a memorandum with the other partner as to what we are going

to do.

We have to justify our expenditures somehow. We would

like to have, therefore, at least a memorandum in this repsect.

I should say that my opposite number in the UK, Harry Tieg has
promoted to another position, as you may know. His position |
right now is being taken temporarily by Ernie Gilpe. I do

not know when they will appoint someone else. When that happens
and as our funding situation does become clear, we can put this ;
on a solid basis. -

Obviously, we are gcing to go ahead. We are going
ahead mych more slowly than we originally anticipated. There
are some real problems here. They are not academic. I was |
talking with Carl Anderson from Westinghouse, who is in charge of
some key design efforts. He feels that understanding these
problems, which I believe are characteristic of low flow, is very‘
important from the design point of view since it is under these
conditions that many components objected to their highest tempera-
ture and to their highest thermal cyclic stress.

MR. KERR: We are all convinced that it is important

to understand natural convection.

ALDERSON REPORTING COMPANY, INC.
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MR. KELBER: There is a large community of interest
between us and DOE and the vendors, also abroad.

MR. KERR: The conclusi -n is that existing codes
probably cannot be 3dependent upon to predict natural circulation
behavior, and an experimental facility is needed.

MR. KELBER: I think that is our present position.

I have great hopes that with highly detailed codes like COMMIX
and others that it is perhaps -- we can learn enough to
construct useful models for what I might terms. "production
codes." ;

I might say that Bill Sha has made immense strides in
speeding up COMMIX to the point where it is not =-- it does not
require unreasonable amounts of time. Nevertheless, 1 think
there has to be a distinction between highly detailed codes like
COMMIX and production codes, such as SSC.

Whethr - or not these codes make a good prediction
depends very much on whether there exists multi-dimensional
effects and paths which are not modelled. 1If the -- if doing the
test or experiments with the reactor -- if the rate is reason-
ably represented one-dimensionally =-- in other words, vou can
anticipate the flow path when you model it, and you can probably
predict natural circulation as well as tne other.

MR. CARBON: The evidence wculd seem to indicate
though that the codes are not going to be modelled properly

because we do not know how to model them. We don't know what

ALDERSON REPORTING COMPANY, INC.
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goes in.

VOICE: The point is that where multi-dimensicnal
effects such as vortices -- when they become important, clearly
a one-dimensional model is sufficient.

MR. CARBON: We'd better stop. You had better
proceed rapidly.

(Slide.)

MR. KELBER: The final effort I want to review with
you is our program on safety test -- fuel safety test needs,
and review of our testing capabilities. This was a point that
you brought home to us about a year or so ago.

At that time, we had received from our contractors
a rather extensive discussion of a proposed safety -- fuel ;
safety testing program that covered all parameters and all
situations with some attempt at prioritization. It was largely
a judgmental attempt.

We decided, in view of your concern which we share,
and in view of the rather poor documentation for some of the
assigned priorities, we would attempt to do some analytical
work to find out what do you really need to test.

Some early work has been done, particularly in coopera-|
tion with the English by Harry Hummel, who is here today, and
some of the others in that group at Argonne. We are continuing
some efforts at Los Alamos and Sandia.

It may well be that the types of tests you want to
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make are far fewer in number than we previously thought. In
particular, we are trying to concentrate socme of the work that
Harry has done into the description of what the A-3 tests should
be a Cabri. That is a test scheduled for late this year.

There is a developing consensus that one wants this
test to be large enough to cause a significant failure of

the clad, and to summarize what is an extensive piece of work.

|
]
|
|
i

What is of interest is how the clad fails. Does it faiﬂ

by a rapidly prolongating rip, or does it fail at a point, and
essentially fuel just widens that breech as it gets expelled?

Now, how successful Cabri would be in determining this
is another question. We probably would have at this time -- we
would have to pin our hopes on a fairly clued resolution.

We have one of our pecple working there. We would
hope to get as much information as we can on this topic from
this experiment. This work is continuing. We hope to be able
to report more conclusively to ycu next vyear.

Let me summarize that our program as the tools and
capabilities to investigate key areas of safety concerns deline-
ated by you and others. Given an adequate level of support, we
should be able to continue to produce notable results that help
set the stage for any future licensing actions that may arise.

It is not easy to forecast when such actions may be
needed. Just a few years ago, we were in a very difficult

discussion with respect to licensing CRBR. We do nct know when
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an opportunity like that might present itself again. The esti-
mates range from one year to 20 years. They are as much politicay
as technical in nature. When the opportunity dces come up, we
should be prepared.

I think that the budget we have requested is a bargain
price for making sure NRC has resources available to act, if and
when needed. I think that even at a somewhat higher level, it !
is still a bargain considering the nature of the problem.

That concludes my statement.

MR. CARBON: I am going to ask one quick quesiton. One
of our recommendations was to study the advantages and disadvan-
tages of alternate containment design. What have you been doing
in that area, just real briefly? j

MR. KELBER: We are starting some work under the
accident delineation study. That is a natural place to do it
because they are also developing the CONTAIN code. We have dcne
nothing but planning in that effort at the present time.

I think the major question that we face in fast
reactor containment is dealing with sodium fires. The tendency
in fast reactor containment has been to use a design somewhat
similar to that of the ice condenser plants, a rather low pressure
steel shell.

That, I think, is tenable if you do not have to deal
with a sodium fire, or at least if you do not have to deal with

a spray fire. There will be a ry considerable precgram in
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France, the Esmerelda program on large fires, including spray

fires in containments, where they are trying to face up to this

issue.

The other side of that coin is what happens when

sodium spills on concrete. We are finishing that work. We think
we have a good thermal dynamic and chemical model of that
\

process. |
MR. CARBON: That answers my guestion. Bill, any |
others?
MR. KERR: Will the alternate containment study -- if
it is continued to continue -- include features of filter

vented containment systems?

MR. KELBER: That is a reasonable way to look at it. |
Here are the questions vou have to look at. Can you suppress |
spray fires with deflection pans, things of that nature?

Must you have a steel liner in the secondary cells
to protect the concrete? Can a simple pressure relief system
work effectively? The filters pose a special problem for
such a system.

I do not -- in this respect, we may be able to get
some help in connection with the filter vented containment
studies for the LWRs. I am trying to negotiate an exchange with
the Swedish Atomic Energy Commission, who have made a decision
to go to the filter vented containment on their reactors.

They are proposing to test filters -- filter efficien-
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cies during the coming year. What I propose to do is to exchange
their knowledge on filter efficiencies with our predictions and
knowledge on filter loads. |

Between the twec of us, we ought to come up with a
reasonably credible filter design. Whether that can be
extrs "2lated to the sedium case or not, I do not know. DOE has
been doing a very significant study at HEDL under Bob Hilliard ,
in this area.

So, between these efforts, we ought to be able to get
a reasonable guess on the size of such a system for a sodium !

plant.

MR. KFERR: Our knowledge about loads to which you
refer is the kind of knowledge that one gets by running =-- ;

MR. KELBER: We have to make some estimate. If you ;
have sodium dumped into the containment --

MR. KERR: I was =-- I assumed you were talking about
avater reactor. When you are talking about the Swedish work --

MR. KELBER: Yes.

MR. KERR: The loading knowledge that you mentioned
is what you get from running =--

MR. KELBER: No, we will be doing tests with steam
filled atmospheres and aerosols at NSPP starting this fall.
We will be -- we also will be doing some aernsol sampling at

Sandia.

MR. CARBON: Thank you. We will move ahead. Harry?
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MR. HUMMEL: we have prepared a brief presentation
this morning at our activities at Argonne. Additional details
can be found in the background material we have included in
the handout.

Pat Garner will discuss the boiling model development
work. I will first cover other aspects of the program.

(Slide.)

Let me remind you what our principal activities are.

We are concerned with in-core accident analysis. We are not

concerned with out of core development or assessment. Of course, |

we would use models of the primary loop and so on as they would
affect in-core phenomena.

Our principal modelling activities hav- been EPIC,
which at the moment pretty well completed the BIFLO modelling
code is our principal activity at the moment.

Our cooperative studies include participation with
the UK in comparative studies of the WAC group. We have
engaged in various assessment activities as shown on the vu-
graph.

MR. CARBON: What is the WAC group?

MR. HUMMEL: It is a committee concerned with whole
core estimate analysis.

(Slide.)

OQur activities are focussed on the initiating phase

of whole-core accidents, initial conditions for a transition
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phase. BIFLO is concerned with loocking at incoherent effects
within subassemblies. It is currently just looking at radial
symmetric effects with the possibility of going to see if skews
exist in the future.

We would expect that BIFLO would be incorporated in
SAS~-4A, which is currently being developed. We would expect

them to consider the possible effects of intra-subassembly

incoherence on clad and fuel motion, although we do not have any

definite plans at the moment for any modelling work in that area. |
The first thing we are going to do, I think, is get

hold of the LEVITATE code that is being developed by DOE and

do studies with this and try to use this in some way to try to

assess the importance of these incoherent effects.

It is our thought that as we go through heterogenous
designs, that the intra-subassembly incoherence effects become
more important because boiling is a slower process and it takes
longer to get to the point of flow reversal so that the radial
temperature variations could be more important.

Also, clad motion effects become more important for
heterogenous design because the lower boiling ramp rates, there
is more time for clad motion to occur. So, this could be mcre
of a concern for heterogenous than a large homogenous design.

(Slide.)

The current status of EPIC is pretty well finished.

The users manual has just been issued. EPIC is used by the
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UK. EPIC was incorporated into SAS/EPIC, which has been the
only code so far that has been able to give respectable
treatment to the KfK. We have thought about other possible
improvements in EPIC such as particularly the plugging model.

We have to consider what is being done with SAS-4A,
and whether we want to switch over to that or not. So, we have
not made any decision on where to go on that. i

(Slide.)

The UK bilaterial program, we have not really been
doing too much in the last yvear. The UK has been fairly active
in calculations. They made some corrections in the code, soO
they re-ran the calculations. I was just over there last
month. .

We sort of cleaned up a report on the first phase of
the analysis. So, we hope that will be issued in the next
several months. I think that will pretty well tie it up. The
chief thing we have gotten out of it so far has been in the
area of trying to understand things about fuel pin failure
conditions, and the comparison of SAS and the more appropriate
French boiling model was also of some interest.

The UK indicated they were very pleased with the
initial development of the program. They are quite anxious
to develop it. It is our thought that we would focus for the
next couple of years on individual phenomena rather than a lot

of whole-core accident calculations, awaiting development of
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a whole-core accident model.

The two principal areas of concern at the moment are:
sodium boiling and fuel pin mechanics. In both of these areas,
the UK has excellent programs. The Harwell work and the
Winfrith work is of great interest to us.

(Slide.)

The WAC studies, we have finished a TOP calculation.
The next step will be an LOF calculation. We expect that next
November. The most interesting thing that is coming out of that
at the moment is comparison of steady state fuel characterization
which is nothing I knew much about, but realizing there is a
whole uncertainty of events here -- well, it turns out =--

MR. KERR: That just means a desctiption of the fuel
at steady state.

MR. HUMMEL: Yes.

MR. KERR: It is an initialization.

MR. HUMMEL: It is a description of the radiation
history, which is important for accident analysis because it
gives gas distritubtion, the swelling of the fuel clad gap, this
e>rt of thing. It is interesting from that point of view. It
turns out that SAS-4A was originally being calibrated against
the more detailed code, but LIFE is sort of a first principals
code.

It was noc too successful in some aspects. So, SAS-4A

has been recalculated against the Belgian code. So, naturally,
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SAS-4A -- the calibrating =-- but FRUMP, we had sort of an inter-
esting discussion of this at the June meeting. We had been
struggling with the questions of how much fuel swelling you got
and how much densification.

Apparently, this is a pretty difficult area. It was
sort of an interesting discussion.

MR. CARBON: Where in here do you cumpare all the
codes against real life?

MR. HUMMEL: Well, this =-- of course, this has been
done -- as I say, some have been pretty well calibrated against
experiments.

MR. CARBON: Over a wide range?

MR. HUMMEL: I am not much of an expert on this.

MR. CARBON: Okay.

MR. HUMMEL: I don't really know, but certainly a
certain amount of this has been done. I mean, that's =-- I think
FRUMP has also =-- I have bee trying to f£ind out more about
FRUMP, and expect to in the coming months.

Certainly, there has been a certain amount of calibra-

tion of experiment there also. As I say, a big problem with LIFE,

It is sort of a first principal code. They had a lot of coeffi-
cients. When they went around to sheck the experiment, things
did not work out too well. That is what I have been told.

I am not much of an expert in this area.

(Slide.)
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OQur assessment activities are designed to be of aid
to NRC and the ACRS. There are a couple of areas I have sort
of pinpointed here. Charlie alluded earlicr to a view of the
initial work on studying the question of heterogenous cores and
recent conclusions about what would be reasonable there.

A target of about $2.50 is a reasonable range. If
you go down to $2.00 -- then you have to start worrying about %
how much actual expansion you have and what the clad moiinn does.;
That sort of thing.

Another study we have done has been concerned with |
inlet plenum pressure rise during sodium boiling. You do get a ;
large pressure rise. i

We have "een concerned about whether this is being |
accurately calculated or not. We found elasticity and compres- |
sibility effects were not important. Another aspect is fuel
pin failure studies. Last year, we did some calculations, trying

to understand mechanical inte 1iction.

‘
Lately, I have been focussing on fission gas models
for release of solid fuel and concluded from this that the
NEFIG code looks pretty guod. It is fast enough to put into ,
SAS-41,
I think that the background from this work will be
helpful in getting parameter studies, becaus2 we are starting

to find out a little bit more about fission gas release from

solid fuel.
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It gives us a better idea of what the uncertainty
range is and what a reasonable range for parameter studies is.

I would like to conclilude my presentation now and turn
it over to Pat, unless there are questions.

(Slide.)

MR. GARNER: My name is Patrick Garner. I am with
Argonne. I will tell you a little bit about what we are
doing in modelling in the BIFLO code for sodium boiling, then
the current SAS code fuel assemblies collapsed into one-dimen-

sional treatment.

What w2 are doing in BIFLO is expanding this modelling
to consider several different regions within the fuel assembly.
Each having coolant and an associated typical fuel pin. 1In the

typical breakdown we are using right now, it would be about four

or five coolant rings from the center, then two coolant rings for

the next channel and on out.

This is just typical for now. We are working with a
symmetric model for the time being, .or development pruposes.
We feel we can expand it easily to handle the cases where you
would have a power skew across * > fuel assembly. In terms of
the way we see the modelling progressing or the calculation
progressing, in BIFLO you would begin boiling in the high power
te flow region.

This boiling would then grow axially and radially as

the lower power to flow regions reached boiling conditions.
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This means you would initiate boiling at a tim> prior
to what you would predict with a one-dimensional code, just
using average conditions for the subassembly. It may indicate
that you have different times to flow reversal.

It would certainly indicate different times to reach
initial clad melting within the subassembly. We have programmed
up such a model. Right now it is a stand alone code. We are
doing some computational studies and some benchmarking studies.

(Slide.)
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Some of the comparisons we are dcing at this time
are between the BIFLO code and some experiments done out at
Nak Ridge. These are electrically heated pins 36 1inches
long, fission gas plenum on tope. They are currently doing
scme 61 pin tests which we hope to use in the future.

Other tests which we will be considering for use
are 19 and 37 pin tests in the sodium loop safety facility
which are run in pile out at Argonne West, and work thzt 1is
coming in from the Europeans. We are also doing comparisons
of BIFLO versus other codes, in particular COMMIX, which you
will hear more about today, and the COERA-U4 code. Zoth of
these are subchannel codes so they have highly detailed
geometry. It will be very helpful.

We are doing a few comparisons with available SAS
calculations and are beginning to jget a2 better feeling for
one-dimensional versus two-dimensional effects. & sort of
thicrd part of the comparison, I think, involves conmparison
of the subchannel codes to the experiments.

(Slide)

For exzmple, this is a description ©£f the 19-rin
experiment in Thors. These tests are very well instrumented
for studying sodium boiling. There ars about 1CC
therm couples concentrated in the regicon wheres they expectad
and did find sodium boiling. In terms cof modeling thess

tests, the subchannel codes such as COMMIX and
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give you a very detailed geometry by modeling all 19 pins

and COMMIX would break this down to somewhere Lbetween 32

92 coolant channels, depending on which partitioning option

you used.

COBRA would give you about 40 subchannels, s¢ yo

can get very good comparison between the point-wise

’

a

»
“h

"

measurements in the test and the subchannel temperatures you

would calculate with the code. It makes the comparison a

little bit easier. Then you can take results from the

subchannel codes and average them into region-type results

that we would then compare with the BIFLO modeling where,

for example, we would, say, have only three cooclant ring

in

(Slide)

The status of where we think things are right now,

we have an initial version of the code running and we

m
W

re

doing comparisons against the 19-pin test, toth at

ctr

e’

n

n
(&N

-~

state and for a transient test that went into beciling.
There are some future things we have to do. We have arn

assessment >2f some assumptions in the modeling. We have

exanine the gusstion of how many regions do we need to Todel

within the subassembly to get a good two-dimensicnzl
description, how should those regions be assigned.

We need some work on the boiling and nonboilirg

regions in the code, and we need some work to speed u>s ~ur

bsiling computation. It is rolling fast on a per-tite-st
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basis. But we are being limited by material velocitiez on
time step. We are doing studies on other computational
methods at this point.

The other steps would be to incorporate this

(o8]

modeling into SAS-4A and examining the impact of the 20
treatment on various accident scenarios. The other things
are we need to make the geometry in the modeling more
flexible so we can handle the power skews acrocss
sub-assemblies and do benchmarking continually at large
bunde size.

That is what I have for you. I would ke happy to
ansver any guestions.

MR. KERR:¢ Your validation of this versicn -- one
of the validation efforts is a comparison of yocur code
prediction with OCak Ridge experiments?

MR. GARNERs Yes.

MR. KERR: 1Is that, in your view, a sufficient
validation? W®Will you have the data yocu need to give you
confidence that the code will workX in a variety c¢f
situations?

MR. GARNERs I think the 19-pin test taken alcne
will not be sufficient. Combined with the 61-pin test --
have not seen the test matrix for those experiments to know
what they are really going to do on the transient tests, =0

I guess my ansver would be no, it would not be a suifficient

ALDERSON REPORTING COMPANY, INC.

400 VIRGINIA AVE, S W., WASHINGTON, D.C. 20024 1202) 554-2345



10

n

12

13

14

15

16

17

18

19

21

24

37

validation.

MR. KERR: Will the 61-pin test be dcne with your
validation needs in mind?

MR. GARNER: Will they be done --

MR. KERR: Yes.

MR. GARNER: No, they will not. They are being
conducted by DOCE.

MR. KERR: Aren't they part of the same government
under which we operate?

MR. GARNER: I suppose so.

MR. KELBER: May I comment on this?

MR. KERR: Yes, sir.

MR. KELBERs If after this initial trial it
appears that ve can get significant benefit from code
devalopment or validation from those tests, we wculd, cf
course, ask DCE to consider including in their test matrix
such tests as might specifically pinpoint protblems with

i e " ‘ ;
with tThe wOrKX

' =
’4
m
"

BIFLO, and I think they are, in fact, fami
we are doing. I wvould anticipate no difficulity in getting
them to at lz2ast consider that guestion.

&
e BT

Whether they would be able to becau

()]

programmatic reasons, I do not knowe. We are nost £ar encuch
along yet to come to a specific proposal for testse.
sure that if wve did, they would give it --

MR. XERR: It seems to me =-=-
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MR. KELBER:; ~-- significant consideration.

MR KERRs With a test of this magnitude being
designed and experimental validation being what I think al
of us agree it is, it would be worthwhile trying to have
some input into the testing system. It seems tc me one of
the purposes of a test at this time is to give people
information which will assist in modeling.

MR. XELBER:s Precisely.

MR. KERR:s The earlier that you can get involved
in the test planning, the more likely it would seem to me
is that one gets information that is needed. I recogniz
your resources are limited and all these constraints exist
but I would think it would be --

MR. KELBER: We will follow that up.

MR. SHA: We do have input to =--

ry
®©
(]

MR. XELBER: If you have some material which
on Bill Kerr's guestion, yocu should give it.

MR. SHAs We have input, actually. You see, we
have DOE thermal hydraulic working group, and I am one c¢f
the members in that meeting. So we have freguently
discussed this problen.

MR. KERR: Do you two gentlemen xncw each other?
Have you twd> met each other?

MR. SHA: Yes.

MR. KELBER: He wants to kncw if you have
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discussed in the working group the problems that might hre
run with Thors that would help the development of SIFLO.
That is specifically the guestion that Bill raised.

MR. SHA: That is regarding the instrumentation in
general, how to get the code validation.

MR. KERR: I do not know what sort of information
he needs. What I am asking is is there some way you two can
communicate so that his needs can become part of the
planning for this sxperiment. I mean the first reguirement
i1s that you know each other. If you don't, somebody ought
to introduce you.

MB. SHA: I will answer yes because our common
interests are the same.

MR. KERR:

Okay. But it isn't enough to have a

common interest. You have tg --

MR. SHA: Yes.
MR. KERR: I feel --
MR. SHA: We actually express what we need throuagh

O
o)
()
<
)
)—4
13
i
w
ct
'—4
O
3

this working group, so we get input from the ¢
process.

MR. KERR:

o
O
x

And once in a while you talk tec e
other as well as in working groups.

¥YR. SHA: Yes.
MR. KERRs You pick up a phone,

the hall to his office, something like that, right?
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MR. SHA: Yes. We meet twice a year, and also

2 fregquent discussions.

3 MR. KERR: Okay.

R} MR. GARNERs Speaking for myself, we have haZ good
5 relations in talking to the Oak Ridge people so far. The

6 19-pin tests are completed, the 61-pin tests. They are at

7 the end of our steady state phase I test. They are getting
8 ready to do the transient tests. We will talk tc them and

9 see what th2y are planning to do. Based on what they did on
10 the 19-pin test, they did some nice work, and I expect then

1" to continue with the 61-pin test.

12 MR. KERR: If they and you talk, it seems to re

13 that it is possible that you might think of some things you
’ 14 need before they run the test that you otherwise might not -

15 gete.

16 MR. GARNER: Right, I agree.

17 MR. CARBON: The BIFLO code is to predict the

18 onset of sodium boiling and the growth of bubbles a2nd szo on.
19 MR. GARNER: That is correct.

20 MR. CARBON: Does it tell you when ycu =might get
21 into film bo2iling, some such thing? It has nothinsy to do

2 with clad melting directly.

23 MR. GARNERs Up to clad melting, there is a clad
24 and fuel pin temperature calculation with ZIFLO. The

25 continuvation of the calculation into clad meltinc is
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something we hope would be a follow-on to the work we are
doing on the boiling conditions right now.

MR. CARBON BIFLO itself right now is specifically

the growth of

MR. GARNER: Yes.
MR. CARBON: Initiation and growth.
MR. GARNER: VYes.

the boiling phenomenone.

MR. CARBON: Thank you.

MR. SHA: I am Mr. Sha. I work for Argonne
National Laboratorigs. I am very happy tc brief you on scome
of the progress we have made on the COMMIX code. We have
twvo versions of the COMMIX ccde. One is COMMIX-I, «nd
COMMIX-II is a two-phase flow. I understand that Cr. ¥err
said some time ago -- he made z detailed discussicn on
COMMIX-I and some uvi the results. For my talk I will
concentrate on COMMIX-II, on the two-phase flow area.

COMMIX-II treats the normal equilibrium
temperature of both phases. This code has recently addisd 2
set of cooriinates, so now we have XYZ, and the formulation
in the COMMIX code is slightly different than subchannel.
In there we use the volume porosity surface permeability and
distributed resistance and heat souce.

Recently we added a new sclution technigue. An
IMF solution technigque was developed at Los Alamos, but we

added a rebalance technigue, which is speedup conversion.
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‘ 1 Recently we added another new solution technigue called the
2 SIMPLER. We actually revised and added an additional

3 feature to this.

R

)

4 The results presented -- we used the SINMFL

5 solution technique, and this code can treat both continuunm

6 or quasi-continuum. They treat all structure with boundary

7 conditions, guasi-continuum, treated the fuel assembly.

8 There are many applications in the use of the COMMIX code.

9 COMMIX-I code is widely distributed. Practically every

10 laboratory in this country has COMMIX-I code, and many

1" laboratories actually use this code.

12 We have assisted them. If they have problens,

13 they call us and we help them. Another code is the B2QLYFIT
. 14 code, which at the present time we are working on the

15 single-phase version only. This code is primarily fcor £fuel

i6 assembly and the formulation, the boundary fits, the

17 coordinates transformation, which I will show 3 little bit

18 later during my presentatione.

19 MR. CARBON: What does BODYFIT do?
20 MR. SHA¢:¢ Make transformation for conavlex

21 geometry. I will show you the slide a little later.
2 MR. KERRs That is to make a simple problem lnock
complicated?

(Laughter.)

25 MR. SHA: No, no.
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MR. KERR: To make a complicated problem simpl=a.

MR. SHAs After the transformation, now, for
laminar flow we are in a position to sclve this prchlen
laminar flow only.

(Slide)

Now, I would like to show the progress in the

two-phase flow area.

MR. CARBON: I don't know the purpose in life of

BODYFIT.
MR. SHA: The objective of BODYFIT -- for

instance, a few applications for small-rod test for

tvo-phase flow. Two-phase is so complicated. Ycu zerform

this analyis. You have data. You perform the analysis.

th
O

g |

MR. CARBON: Two-phase flow to calculate pressure

drop?
MR. SHA: Distributione.
MR. CARBON: All right.

MR. SHAs The problem is you have two analyses.,

One is physical modeling, the flow region, the heat transfer

coefficients, all this kind of thing. Another is due to
uncertainty in geometry because you cannot treat geometry
rigorously. As a result of this, if you use subchannel
analysis you cannot treat geometry rigorously, correctly,
certainly. The g20metry lump into the physical modelinz an

can fit the

to the end you could not differentiate. Yo

(&
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coefficient to get a good agreement. Then ycu move to
another situation. You find there is a disagreement, the
reason being because we r=2ally did not understand this
problem fully. There is some uncertainty due to geometry.

MR. CARBON: You are using the word "uncertainty,"”

but you mean, fregquently, instead of uncertainty, inaccuracy.

MR. SHA: Inaccuracy may be an appropriate word,
but this method separates -- no inaccuracy in the geometry
part, so now I can concentrate on modeling. Sc that is the
significant advantage, especially in the two-phase flow
area. I think this makes a tremendoﬁs contribution.

Another thing you can do is, for instance,
subchannel analysis code. They are the two subchannels.
Eapirical constant for subchannel mixing. Those are
emprical constants. If I use the BCDYFIT code, I can detail
calculation. I can generate those empirical coefficients
feeding into the subchannel analysis.

MR. CARBON: Ckay, thank you.

(Slide)

MR. SHAs: I would like to present schme ¢cf the
results in the two-phase flow area. We are strusgling very
hard. We are working very hard to have some kind »f
calculating two-phase flow, socium two-phase flow. It iz a
real difficult problem. Lately actually I claim we have

made a breakthrough. We can generate numlers. Apnpd today I
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am happy to repocrt some of those. There is a lct of roon

for improvement, but the breakthrough means we have a stable

system and can calculate two-phase flow.

But there is a lot of room for improvement. I
mean don't misinterpret this. There is a lot of work ahead
of us.

MR. KERR: The problem is not finished yet.

MR. SHA: Far away from it.

MR. KERR: I feel better.

(Laughter.)

O
Ih

MR. SHA: But it is a breakthrough in terms

or
- g
"
D
®

computation. Now I will show you the three results,

calculations. One is two-phase flow in heated duct. F#e

«)

d is X

o)

have experimental data to compare with. Sac¢

O
2

7}

n
©=
"

standard problem number 1, flashing due to depres
The third is the first time, as far as I know in ay
knowledge for two-phase flow, a calculation for sodiun
system.

(51ide)

This is the simple gecmetry of the heat

m
c

(Slide)

There ar2 a bunch of data available, one by St.
Pierre. This is the comparison between the excerimenta
data and the code prediction for void fraction. The

pressure heat flux is shown here. COM2IX-II prediction =--
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¥R. CARBON: This is not meaningful, is it?
Simply you have some heat and some boiling, and this is 3Jjust
telling you how much void you have with a certain flow.
This does not mean anything, does it?

MR. SHAs This is the initial step. You have to
start from a simple case. That is what I am trying to do.

MR. CARBON: You have made no mistakes so far.

MR. SHA: This indicates the physical modeling we
use looks r=2asonable for this. It is initial ster for test.

MR. KERRs Two-phase flow of what, scdium?

YR. SHA: This is water, in this case. Water. I
will show you later. First two cases are water. The third
case is sodium. Lack of experimental jata in sodium =--

MR. CARBON: It is still just a simple
thermodynamic heat balance.

MR. SHAs There is a homoca2neous -- it is
temperature in the ligquid phase, veloccity in vagpor rhase,
liquid phase =--

MR. CARBON: 1Is this in a rejime where there truly
is much slip?

MR. SHA: Yes. I will show you the result. This
is 400 psi case, aad this is 800 psi case.

(S1lide)

We are not doing very well in here, the reason

being we do not take into concept of subcool boiling.
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¥R. KERR: Why not?

MR, SHAs We are going to do that. We just goct the
result for the last two months. See, we working on this to
improve this. This is the actual initiation of two-phase
flow calculation -- come on line. Lots of roor for
improvement.

(Slide)

This is the 2,000 psi case. Again, we are not
doing very well. We are not taking the subcoecl boiling in
the calculation. This is the velocity measure.

(Slide)

v
(=]

This is velocity, and -- this is liguid velocity
measure. This is slip. This is not simple thermodynamic
equilibrium calculation.

(Slide)

This is at 800 psi. As you know, when pressure
increases, then siip decreases. This is 8C0. This is LO0O.
See, the slip is much larger.

(3lide)

This is 400 and 800, and 2,000 we 40 nct have data

on, so0 I cannot really compare. This very simple problem

1]

indicates our model works out all right. It look
reasonable, let's put it that way. Again, there 1s still a
lot of room for improvement. For instance, in this case,

subcool bdoiling we should have taken into accounte.
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In the next case we compare NRC standaréd proclen

number 1.

(Slide)

This is flashing. The first section looks like
this.

(Slide)

At the other end of the pipe -- essentially the

pipe is 14 feet long. Pressure was at 1000 psi and 51¢%
degrees Fahrenheit. That breaks the disc, so pressure is
decreased. Then follow the pressure distribution and
compare with, you know, measurement and prediction. They
are the instrument station gs-1, gs-2, gs-3. - There ars
seven instrumentation stations.

We compare two of them because they detail
pressure measurement, gs-1, gs-5. This is a difficult
problem, flashing due to depressurization.

(Slide)

This is pressure calculation at instrument staticn

number 1, and you notice we did not present time to zero -
maybe a few milliseconds. The next Vu-graph will cover thi

So you can compare the calculation --

DR. XERR: That does not look so good to me, Does

that look good to you?

MR. SHA: It is a subjective evaluation. T+ looks

to me for first crack as reasonable, but I am not very

W
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happy. I have to find cut more about =-=- try to get hetter
agreement. It looks reasonable at the beginning.

MR. KELBER: As a former code developer, I wculd
want to know why the pressure gauge always reads high.

(Laughter.)

MR. KERR: If you take a round pipe and £ill it
vwith water and £ill it up and rupture the end, ycu ought to
be able to calculate that on the back of an envelope.

MR. SHA: Very difficult.

MR. KERR: These mechanical engineers --

MR. SHAs Mechanical engineers --

(Laughter.)

MR. KERR: Why should it be such a tcugh problem?

MR. SHA: It is a difficult problem, Professor
Kerr, I assure you.

(Laaghter.)

MR. KERR: You are pulling my leg.

, 3
iCcuiation

MR. SHA: We show you ancther pressure ¢

w

at station number 5. Like I said, we are happy to have thi

]

n
rty

[

result 7oresented nere, but I really am not too sat

I have to dig in more to find out a lot of things th

y
w
ot

v

1

D

goeing on which need more investigation. It looks reascnable
again.
Now, here is the pressure. Now we talk atout

different time scale, milliseconds. The previous Yu=-gragh
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did not show. Now, in here we use two different time

n

tep

-

Sesnlt

'y

in our calculation. One is 10-3, one is 10-4.
change. And further, 10-5. It would be very close to
10-4, So w2 stop there. What this Vu-graph shows you is

lot of parameters come into play, the reason being that

change in thermal physical properties if we take larger time

MR. KERR: What does this show =-- it shows me

that a lot of parameters come into play. All it shows me is

if you use different time steps, you get a different answer.

MR. SHA: A different answer. We examine the
reason behind it. The re2ason is due to flashing. It
happens so fast, and when you do calculation assuming the
coefficient of the energy equation as a constant for that
time step, that ma,; not be good. If you cut it down to
small time steps then treut it as a variation of
co2fficient, although the point I try to make is we have
very stable numerical part of the egquaticn, but rhysics
dictates what the physics --

MR. KERR: How do you know that is physics rather
than nvmerics?

MR. SEA: Well, this we have the 4ata to compare
for our calculation.

MR. KERR: You are getting a different kind of

sscillation depending on the time step you use.
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MR. SHA: The trend is the same. PResults varvy.

MR. KERR: Yes, I agree. In each case you are
getting the same number of cycles for oscillation, I guess.
But seriously, how do you know it is the physics rather than
something that we 40 with a numerical solution?

MR. SHA: That is what we have to do some time
step evaluation. Once we know time step varies 10-5, that
did not change it. We follow on the time step at 10-4, so
we knew that answver is true answer we are looking for for
this particular case.

MR. KELBERs If I may comment on this, there are
tvo aspects to this question. One is does the code contain
sufficient description of the acoustic precpagation down the
pike? That is a relatively difficult problem for a code
like this to handle. I think it is clear it can be handiled
because I think, for example, TRAC handles problems like
this reasonably well.

The second question, from a preogrammatic view, is
do we need such capability, and that is a decisicn yst %to b
made. I do not know that we are going to have to 30 intc
this time ra2gime, so we may be able to make a thysical
approximation which says --

MR. KERR: I did not express my guestion well.
is a naive gquestion.

¥MR. CARBON:

-

t

"
0
w
L]
(o]
(o]
£
£
o
wn
0
ot
.-J
Q
e
.
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MR. KERR: I wvonder how you tell just from looking
at that wvhether it is numerics or physics?

MR. KELBER: I don't think you can just frem that,
Bill. There are a number of conceptual problems that you
have to do to discern the difference.

MR. CARBON: You hit on one guestion I was
vondering about. Suppose you get the code that fits this.
Is this kind of test calibration really meaningful for your
needs?

MR. KELBER: I suspect that by and large it is
not, and I think this is something that Bill Sha is driving
at., If wve are looking at problems whicl take place over a
longer time scale, the agreement out at the longer time
sca'es may be good enough that we do not have to worry about
acoustic effects. I think it is very useful to know what

are the boundaries on the models that you 40 have in your

code.

MR. CARBON: All right.

(Slide)

MR. SHAs This is the comparison for the vecid
action.

(Slide)
This we don't have data on. This is velocitvy
distribution at exit for vapor phase and liguid phase.

There is no data available.
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(Slide)
This is temperature distribution compared
experiment data at gs-5S.

(Slide)

w

Okay. Now, the third problem we talk absut

7-pin -- we try to predict boiling. This is sodium,
sodium is very difficult to get a solution.

(Slide)

This is test section. It looks like 7-pin

reason we choose 7-pin is, you know, for validation

purposes, relatively cheaper in terms of computer renting

time.

(S1lide)

-
ith

andé

The

This is the flow transient, essentially ten-second

transient.

(Slide)

This is temperature calculation of thermccouple

number 9. The location of thermocouple number &% is
the previous Vu-graph. It starts from single phase
to two-phas2. Boiling starts at 9 seconds. Wwe pred
boiling starts at 8.8. Actually, experimental data
9 seco 'ds.

(Slide)

This is, again, another comparison tetween

prediction and the experiment data for thermocouglse
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(Slide)

Now, I guess this is of great interest to us.
This shows the radial boiling distribution at exit, at
outlet, at 2nd of heat section. This is the center of the
rod bundle (indicating). It is conceded incoherency right
here.

(Slide)

This is, again, radial voided distribution at the
exit. You remember, there is heat section above heat
section, which is exit, and so you can see tremendous
incoherence exists for this particular --

MR. CARBON: 1Is this all calculation?

MR. SHA: Yes. Now, I will show you some
experimental thing. Again, we are not doing too well but w

are not too far off. This indicates measurements, the

mn
~

location of inception of boiling comprising this test. Hs
our prediction sideline is COMMIX-II predicticn, and here at
center of rod bundle, this is inlet, this is outlet. This
is a voiding pattern. It grows as time goes oOn.

Now, at the 9.115, we predict inception boiling a

this location. The reason is we can improve results very

readily. There is one node almost as big as tnis one. 30
if we get the fine mesh in there, we can get a better
resclution. It is not too tad. We can fairly predict.

I mentioned at

There is a lot of room for improvement, as
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the beginning. This is starting to come out results. It i=s
really not bad results for the first time.,

(Slide)

Let me go over special features of COMMIX-II
code. With this code we can treat the continuum groblem as
vell as quasi-continuum. The code is structured that you do
1-D calculation, 2-D calculation, 3-D calculaticn, and ve
can do single-phase calculation and two-phase calculaticn
both at the same time.

We have two fluid model. We now implement
homogeneous model to save time sometimes. We have sodiunm
property, we have water property, perform water experimentes,
perform sodium calzculation. We have steady state and we
also have transient.

(Slide)

*
2]
Q
a
ot
0]
o
O

Now, we have spent in the past year all of
develop COMMIX-II. Most effort is spent to develop
numerical solution technigue. We try all kinds of methods.
We use line~by~line, plant-by-plant, cell-by-cell, direct
inversion. We have various options for explicit and
implicit, steady and unsteady calculation.

Now, there is a difference between this code =--
instead of steady calculation, we drop time-dependent

terms. Many transient calculations include time-dependent

terms. In here we actually drop the time-dependent terns.
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We have two options for the solution procedure. COne is IMF,
one is SIMPLER. SIMPLER is the latest newcomer.

We also have a combination of central difference.
If my time is up, I can cut off any time.

(Slid-»

MR. CARBONs If we could in a couple of minutes or
something.

MR. SHAs All right. I will wirap it up.

Those are features in the COMMIX code. “e have
hex geometry. We have fuel pin model, wire wrap model, duct
vall model. We are probing modular form because we
recognize 211l coefficients, heat transfer, so many
correlations available.

So if user prefers something else, he can readily implement
it in the code.

We have four boiling models, 15 momentum exchanga
coefficient models. The user can implement it in code.

Let me wrap up and talk about BODYFIT code.

(Slide)

Like Professor Kerr mentioned, the EBCDYFIT code is
very exciting. Basically, it gives you better resv'tz, more
accurate results. This design only applies to .- "les

In BODYFIT-I, actually we use two-dimensional
transformation. Actually we use three-dimensional

calculation. I remember last time I made a presentatisn in
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front of the Comwnittee, I think Professor Kerr mentioned ==
I forgot who he is -- wanting to implement wire wrap. If wa
include wire wrap in the bundle, then transformation is
complicated. But ‘e think we have found a way to solve the
problenm.

So, what we would do, so far BCDYFIT-I. If you
vant to include a wire wrap, we have to have a 3-D
transformation. Actually, we did that. I skipred some
presentation on BODYFIT~I.

(Slide)

It is not completed yet, but I think we found a
way to handle the problem. If you look at rod bundle, this
is a unit cell for hex geometry. This is wire wrap. You
imagine this is like rubber so wire can squeez2 to any
location you want and then tries to stretch. That is the
basic concept.

This is to show you the mesh at that location, tne
wire showing there.

(Siide)

This is the equation.

(Laughter.)

This is a differc. ¢ location. Now, if you want to
analyze 7-pin, 19-pin rod dundles, you see --

MR. CARBON: Bill, maybe we had hetter stoz.

MR. SHA: What I am saying is the wire wrap rmcdel
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has not been completed yet, but what we found a way to solve
this preblem. But we are still working on it.

(5lide)

Current status. Right now all men are in COMMIX-II
at present time, so COMMIX-I, we will clean up the document
and try to release it by December 1980. This is an advanced
version of COMMIX-I, which has tremendous =-- a2 lot of pecple
requested this cocde. On COMMIX-II, as I mention here, all
the physical models are semi-complete and semi-implemented.
Nothing is complete in two-phase flow because everything is
alvays making improvement, so we have a lot of uorg that
needs to be done, but I show you here far from cecmpleticn in
any one of them.

So, we will try to release the draft version cof
COMMIX-II by December 1980. A lot of pecple like to use the
code. BODYFIT-I, we finished 3-D transformation. de

deve_»osped the K-epsilon turbulence model. We implemented

o
2

fuel rod and duct wall heat transfer nodel. Now we try

-
| &

O

document by September this year, but that version deces n
have wire wrap mocdel in there.

This the last Vu-graph.

(Slide)

MR. CARBON: Ten seconds.

Validation application. We 2re goine to

concentrate on FFTF, and Dr. Kelber mentioned we are working
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on the PFR, so hopefully we will get additional funding. We
work at this. There are two more options we would like tco
add in COMMIX-IA. One is full core analysis. If you want
full core analysis, you need a parabolic approach. You back
off. You d9 not solve this -- you solve an entire =--

MR. CARBUN: Bill, I have to stop you. Let us

read that. We have it here.

3

I would like to ask Charlie a guesticn. Tell me

"™

in sort of an overall statement, where does this work fit
in? What is its aim? What is its goal? Why have you had
this done? I have some appreciation, but I want *_ hear
what you have to say.

MR. KELBERs The aim of this work is to provide as
accurate a calculational tool as we have or we can get to
calibrate codes proposed for use in licensing cases.
Questions kept arising during CRBR and, to a lesser 2xtent,
during FFTF on the adequacy of the representation cf
tvo-dimensional effects, particularly in the rslativaly
complex subchannel geometries that we do have.

The COBRA codes at the time used an almcst
empirical descrintion and even judgment description of
interchannel flows, and this is fine for steady state
problems. But for transient problems this has caused a lot
of problems. I would say there have been many imgprovenments

in COBRA-4, and COBRA-U4 is getting to have many featurss
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similar to those discussed today.

There are some problems when using COBRA-4,
however. I think the people working with BIFLC can tell you
some of the gory details about using CCBRA-U4.

¥%. CARBON: How long will it be before this work
is to the point where it can help in licensing, and then
what influence will it ultimately have on licensing?

MR. KELBER: COMMIX-IA is useful now for
calibrating ccdes used to give you a cne-dimensional
description of flow in a sub-assembly during ccastdown to
natural convection. So that work is essentially complete.

MR. CARBON: What influence ioes that have on
licensing?

MR. KELBER: The problem here is =-- I should =ay
not just a sub-assembly, but also the plena. The guaesticn
here is whac are the maximum temperatures reached during the
transition to natural conveci.ion and the constructicon cf

adequate models to represent that. The SSC work is a

™

one~-dimensional code. As you heard from DOE earliar, they
acre considering the implementation of a2 similar code with
twvo-dimensional capabilities.

All of these require some extensive mcdeling. They
will be benchmarked against COMMIX-IA, and DCE may ever

decide to try and incorporate a special version of COX¥v¥IX-I}

in their new code.

ALDERSON REPORTING COMPANY, INC.

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




10
n
12
13
14
15
16
17
18

19

21

24

v 61

MR. CARBON;:; But before you really can place creat
significance on the results from these codes, there is goinc
to be a tremendous amount of validation work, I think.

MR. KELBERs I think so. The boiling protlem, I
am not sure how far we want to go. That arises from a
different consideration. The boiling problem arises fronm
the consideration raised during the CRBR hearings that the
natural incoherence in a channel says that the reactivity
rate induced by boiling is lower than you would calculate
with a code such as SAS because there are a large number of
code channels.

They lag behind, and therefore the predictions
used by SAS of the reactivity rate from voiding are too
high. I think we want to go far enough to have some
understanding of what that effect is, and it will be useful
in assessing a heterogeneous core, particularly where there
is incoherence both on a large scale and a small scale.

I do not think we want to push that as far as we

]
2
()

have pushed COMMIX-IA.
MR. CARBONs Did the NRC licensing pecple urgs you
to d0 this kind of work?

MR. KELBERs It is an outgrowth of their

L |

concernse. They started with a two-dimensional model,
part of Professor Theofanis' technical assistance plan.

MR. CARBON: You initiated it.
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MR. KELPER: Yes.

MR. CARBONs They did not regue. t it.

MR. o. TBER: By the time they got this work coing,
they were winding down the efforts of CRER. I do not think
ve ever got a user need sut of them. During the whole CRZ2R
discussion, ve¢ never got a user request, as far as I know.
But it woull seem to us that if they were spending technical
assistance money in this area, it was because they had an
obvious need and ve felt we had better try and huild that on
a more permanent basis.

MR. CARBON: Questions, Bill?

MR. KERR: No questions.

MR. CARBON: Fine. lLet‘'s go on, then.

(Slide)

MR. GUPPY: I am Jim Guppy from Brockhaven
National Laboratories. I want to give a presentaticn on
vhat we are doing in the Super Systems ccde at 2rcokhaven.

(Slide)

I will initially give a brief overview of the

scope of the work, the pr2sent status, and then giv

@
0}
O
b
v

particulars on some of the results that we generated from
one of the versions of SSC and SSC-L for various tyres of
transients that we have conducted, some that are aprlicibdl
t> validation efforts, some that are applicable tec normal

applications, and then touch on future plans at the end.
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(Slide)

For the develcpmeut program, ocur basic scope is to
develop a series of computer codes that simulate the thermal
hydraulics of the entire plant, and with the purpose of
studying operational transients and other system-wide
transients, and with particular emphasis on natural
circulation events.

Included in the modeling are the plant control
systems and the plant production systems, and our overall
goal is to adeguately model all components and processes
throughout the plant that are essential to heat removal.
Another goal of the code is to execute simulated transients
in real time or faster on the machine.

One of the overall uses is that it can be used to
do system-wide analyses and to kind of pinpoint some areas
where you might g2t into trouble. There you might want to
use some of these other three-dimensional codes that have
been discussed for those cases where you get into trouble,

(Slide)

The basic objective of the validation progranm is
to gualify SSC as an independent licensing L(vol. We are
pursuing various -- well, two main avenues of validaticn.
One is by experiment and one is compariscn tc analvtical
results, inter-code comparisons.

(Slide)
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As I mentioned before, we are developing several
versions of SSC. We designate the various versions by
tacking on another character at the end. "L" is for
loop-type LMFBRs. "P" is for pool-type LMFBRs. Another
with "W" is for LWRs, and the last version is S§SC-5, where
"S" stands for shutdown.

The first three are meant for short-tern
transients, up to a half-hour of simulation, and SSC-S would
then pick vp wvhere these others leave of  to simulate
intermediate and long-term transients wvhere other effects or
components that are not important at full power, full flow,
such as the shutdown heat removal system, where these cone
into effect.

(Slide)

Briefly, the background. We have been funded by
ARSR since the beginning of fiscal 197€. In other words,
late calendar year 1975. The major accomplishments that we
have produced are that SSC-L has been operational since
September 1977. During the recent fiscal year, we have nade
tvo other major milestones, one with the SSC-P code. Tt
became operational in November. The SSC-W code, the first
version became operational in Xarch of this year.

(Slide)

Now I am going to start gearing the discussion

more towvards just the SSC-L code, which has been orerational
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for the longest. I will concentrate on that mestly. We have
distributed the code to> a number of external users, and in
keeping with one of the basic goals of the rroject, that is,
to develop a generic code that is applicable to different
system desijns.

We feel we have accomplished this in part because
ve have suc-essfully applied SSC-L to four different plunt
designs up to presents CRBR, FFTF, the German SNR-300, and
also Babcock £ Wilcox in some of their conceptual desiagn
study applications.

MR. CARBON: You words there were that you
successfully applied it.

MR. GUPPY: We have taken plant geometric data and
been able to because of the generality wi .. which FESC has
been developed. It is not specific to any one plant. That
is what T meant. It can be applied through input just by
manipulation of the input variables available.

MR. CARBON: Go ahead, then. And after the narxt
slide up there, I want to return to the guestion of how
meaningful is it when you are in the application stage and
the development stage.

MR. GUPPYs All right.

VOICE: Dre. Carbon, some of the previcus versions
had specific plant design detail embedded in the actual

coding, to the point that to apply it to a somewhat
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different system would require a major overhaul c¢f the
calculation system.

MR. CARBONs Hold up, if you will. Go ahead, and
then I will come back.

MR. GUPPY: What I am trying to say here is that
SSC~-L has moved out of the developmental stage into more of
an applications development verification stage. It is not
just purely developmental now. We are trying to agply it to
various experimental tests, and the moment we are giving
particular emphasis to the FFTF acceptance testing phase.

I vanted to note that I will discuss it in the
next slide. Because of the way SSC is constructed, a lot of
the validation that is applied to SSC-L is also valid for
the other versions of SSC,

MR. CARBON: Then going back to the line that is

9]
g
W

at the applications developmental verification

ce, how
much verification have you done? Where does it stand in that
regard?

¥R. GUPPY: In regard to verificatiocn, csom- of

ot
e
o

-=- not too far. In summary, not too far. We have +v2~ _.at

+
D
(&%

several components, like the uppper plenum, against
experimental data, steam generator against some steady =state

data. At the moment, as I mentioned, we are givin

]

ey
b
3
i |

particular emphasis to being abl=2 to predict the

acceptance tests.
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I have a report here that I am going to leave that
gives our pretest predictions. FFTF has noct as yet executed
these acceptance tests, which are really of interest to us
on an individual component basis. Some of the components
have had limited validation done with them. The whole
system together, essentially none at this point.

MR. CARBON: Ckay, fine.

MR. GUPPY: The validatiocon against experiments --

MBR. KERR: Have you had feeback from those users
of mistakes, errors, inconsistencies ia the code?

MR. GUPPY: Yes- The most prolific users to date

have been the Gesellchaft fur Re_ kforsicherheit in Wezt

i

Germany, and the BEW conceptual design study group, and both
of them have given us feedback, not so much as tc errors,
but perhaps improvements that we could make in ease of the
user so that they can use it motre readily.

In one instance BEW has applied it guite
extensively, and they have supplied us back with stean

generator coil mdodules so we can implement those in our

3

w
wr
Pt
b
'
(.
-

-

steam generator, in our present steam generator car
We had a straight tube, but since they are interested in one
of their applications on hel} 1 coil, they supplied us back

with coding to work with that.

£

©

m
~2

MR. XERR: They have nct had any mistak

MR. GUPPYs Not really mistakes. They have
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stretched some of the applications, particularly, say, ELW
because they wanted to do some =--

MR. KERRs Roughly how many FORTRAN statements in
the "L" version?

MR. GUPPYs Roughly 25,000, of which about haléf
are in the inrat grocessing stage. We do a lot of work to
verify and to manipulate the data on input.

MR. KERR: I was just trying to get some kind of
idea how extensive -- I would think if they had not found
any mistakes, they had not really looked at the guts of the
code very carefully. With that many statements, there are
almost some mistakes.

MR. GUPPY:s Either they have not looked at it that
carefully or else they have not exercised it past the pcints
that wve have exercised it.

(Slide)

I want to comment briefly on the basic structure
of SSC. One way of looking at it is essentially a set of
building blocks of models and components that then
interconnect together, and then it is kasically, in my way
of looking at it, how these blocks are interconnected
together and what input the user uses. That is what
differentiates one version from another.

There is a lot of overlap between the models and

the components. A couple of examples would Pe that for the
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loop version and the pool versions, once you get

IHX,

ot

everything is the same between the two v
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1 (Slide.)
2 MR. GUPPY: I really willi not dwell on this. This
3 is sore of the main features. You can look at those for

4 yourself.

5 (Slide.)

6 MR. GUPPYs Just looking at an overall schematic,
7 as I mentioned before, we simulate all the major components
8 from the vessel out through the steam generator. This is a
9 little misleading. There is no physical model for the

10 turbine and the condenser. The pump in the steam generator
n is modeled, and the civility inherent in the stean

12 generating simulation capability is such that we can handle
13 various types of steam generator geometries that come up,
14 plant to plant.

15 The code is written in variable dimensicn format
16 such that ydou can have any number of loops, any numter cof

17 nodes, any number of pipes. The components need not %

L
3
- |

18 this arrangement. They can be shifted around. In other

19 words, with variable dimensioning, the detiil is there if

20 you want it. It it not there if you do not want it,

21 depending upon the transient or the application you are

2 making.

23 MR. KERR:s Considering the complexity cf the code,

24 is it likely that other users, that is, users other tharn thea

25 developer, can understand it well enough to use it
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intelligently?

MR. GUPPY:s We have gone, I think, to a jreat deal
of pain to make it user oriented. I skipped oveir that
previous slide.

MR. KERRs I am not interested in your slide. I
am interested in your comments.

MR, GUPPYs:s We have laced it very liberally with
comment statements, and the documentation we supply 1s such,
I feel that you can look at the documentation, and we give
the various users -- as you know, it is a large code, and it
encompasses many pages of microfiche.

The user can take the microfiche. We give them an
index. We give them the documentation. It says tnat such
and such a module does such and such. This is the name of
the module. We have a naming convention. Very readily the

person can take the documentation, then with the microfiche

-
= g
w
(ad

look at the code and, I feel, be able to understand
physical models are there.

MR. KERR¢ Is it well enough documented so that
the user has a fairly good feel for the limitaticns of the
code over what range of variables and situaticns it maxes
sense to use it?

MR. GUPPY: I think so. Yes, in my cpinion, ves,
whether it is one dimensional in the primary .nd sscondary

loops, whether it is single phase, and so on and o forth.
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analyses. I will showv some natural circulation transients
and operational transients.

(Slide.)

MR. GUPPY: Various methods of cocde validation
that can be done are line by line comparison with
experiment, such as the FFTF acceptance tests. I 4o not
vant to mislead you here, because the comparisons that are
embodied in this document that I believe are really pre-test
predictions, because the tests have not been done yet.

Then, also, I will show some =-- the other way that
you can validate -+ in some aspects, validate a ccde, but
reaily just to show whether -- in my mind, tc show whether
there are any gross coding errors or modeling errers is also
by intercode comparisons, and I will show compariscns
between SSCL and the FFTF -- the Heddle version of FFTF
called IANUS.

For the FFTF applications, what we had tc do was,

since we can use SSCL as is, with the exception of the

(]
"

g, SO we

-~
'
.

tertiary system, they used air blast heat exchang
had to devise what they call a DHX, dump heat exchanger
module.

(Slide.)

MR. GUPPY: That was then interfaced with the
steam generator. Ncrmally, this coding effeort is not all

wasted, because we will use the same module, this sanme
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concept of this sodium to air heat exchanger for shut down
heat removal system applications. So, this is what the [FTF
looks like with the SSCL simulation.

(Slide.)

MR. GUPPY: The acceptance test that will de run =--

MR. CARBON: Let me interrupt a second. On the
last slide, the SSCL overview of the FFTF, how many nodal
points do you have in the various loops?

MR. GUPPYs That is one of the things that I will

discuss a little bit under natural circulaticn events, but

typically we have in the primary system -- well, excuse ne,.
For the FFTF we have -- You asked a premature guestion =-- In
the loops, they typically have 100 nodes =-- mainly that is

because for natural circulation transients yocu need a lot of
nodes, like on the order of 30 to 40 axial nodz2s, because
under these very low flow, low power conditicns, you get
axial skews, and if you do not have finea encugh
nodalization, you get non-physical results coming cut 2f it.

MR. CARBON: To get good results that ycu can rcely
on, are 100 nodes anywhere near adequate?

MR. GUPPY: We have done parametric studies where
we for a given transient -- I will show one of them later on
-=- for natural circulation analyses, where you get different
results for what I call coarser nodalization. He fsel that

for the natural circulation cases that we have run, atcut
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100 nodes in the primary loop doesn't -- when we run 1lCO

nodes versus 200 nodes, ve get no difference in the computed
results.

MR. KERR: I do not have to remind you what that
demonstrates.

MR. GUPPY: That demonstrates --

MR. KERR:s It demonstrates increasing nodes fronm
100 to 200 does not cause any change.

MR. GUPPY: Right. It does not invalidate the
experiment, however.

(S1lide.)

MR. GUPPY: The FFTF acceptance test, this is =
summary of the initial conditions. They are going to run
four tests that are of interest to us. Natural circulation
tests, one starting at 5 percent power, 75 percent flow,
another from 35 percent power to 75 percent £flow, 75 and
and then 100 and 100.

These are the various initial conditions for those
tests. To analyze and predict -- to pre-predict the
acceptance tests -- I might Jjust as well hand this over --
these tests predictions are summarized in that repcrt.

(Slide.)

MR. GUPPY: We have come up with for the fuel
assemblies -~ we have divided the core into 18 channels. Wea

have an l8-channel core model along with these, sz2v, rouchly
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100 nodes throughout the piping, and the IHEX, and so on.
This was devised -- they are grouped according to corifice
zone. Ther2 are three orifice zones in the FFTF
subassemblies, and so these are the FFTF assemblies, and
these are the SSC corresponding channel numbers.

We have grouped them according to orifice zone,
and then, according to power flow ratio. These are the PFTF
designation numbers.

What this then shows =-- Our Channel 1, what we

call SSC Channel 1 is the hot channel in the FFTF, In o

T“

words, it has the highest power to flow ratio. There are
twd what they call fuel open test assemblies which are
highly instrumented. There is one in Row 2 and Row 5,
These tvo subassemblies we have modeled alone.

Then I will Jjus additionally point ocut that what
ve call Channel 15 can be construed to be an average
channel, average meaning it has that steady state
operation. That is what I mean by average.

(Slide.)

MR. GUPPY: I will just show one tyrical result.
IT is discussed in a lot more detail. This i35 a typiczl
natural circulation transient. You get an initial peav, an
initial rapid peak, then an overcooling, and then an
undercooliny, and natural circulation flow is zstablished.

Then you get what is called the second peak, and here it is

ALDERSON REPORTING COMPANY, INC
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plotted from the 18 fuel channels. There is
and the average channel.

We have dcne various parametrics analyses with the
SSC version, varying such things as the power of inertia,
the core pressure irop, and computed results with and

without the flow rate distribution being calculated, Just

one minor parametric here shows the response of the average

channel when 75 percent of the nominal decay heat was used,
The nominazl decay heat being 25 full power days, which is
vhat they anticipate they will run the FFTF at to get the =--
25 hours of full power operation before they conduct these
tests.

One of the big unknowns is actually the power that
is going to be there. We have done some parametrics varying
the power and other important parameters. Again, these are
all pre-test predictions.

I will skip over to Page 17.

(31lide.)

MR. GUPPYs I will briefly just shcw now
these next series of vu-graphs embody -~
intercode comparisons, and really our basic
running them is *o see if we have any gsross
coding errors when we compare our

oy

code, and in this case, it is comparing SSCL

to the comparable I'FTF code, called IAN
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that we have compared on this intercocde comparison are
normal scraa, loss of electric power, pipe ruptures cefcre
check valve, after check valve, large and small break, and
another what they call tornado.

All of these are not here. A report is
forthcoming in the next couple of montns that summarizes all
these results. I will just show one of them for the normal
scrame.

(Slide.)

MR. GUPPY: This is plotted here, normalized., The
time scale does not start at zezo. But this is normalized
flowv and normalized power. They both start at unity and
come down. This is a case of normal scram, typical
normalized flow and power, and the IANUS predicticns for thé
pover and flow.

(Slide.)

MR. GUPPY: And then, similarly, for the maxinunm
temperature in the core, the discrepancies in the
temperatures are attributed to the differences -- minor
differences -- although they really are not mincr =--
differences in flow rate shown on the previous slide,

You can look at the rest of them. I will discuss
them if you want, but they are basically tc show that for

the transients we have analyzed on an interccde comparicon

-

basis, the results seem to be -- we do not seem to have any
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gross errors.

(Slide.)

MR. GUPPY:s What I want to do now is rresent some
of the other results that are now using CRBR geometry, and
this is the simulation capability that we now have with the
SSCL and also with the other versions of SSC as thev have
come of age to handle pipe breaks, scrams, loss of cslectric
pover, natural circulation advance, as well as various cther
operational transients.

The transients I will showvw in a moment are gecing
to be concerned with natural circulation events and a couple
of operational transients, reactivity transients and
operator-initiated events.

: (Slide.)

MR. GUPPYs We have gquite a wide variety of
applications wvork that we are working at, basically, brcken
down into roughly ten categories, and that is summarized on
Page 26.

As I mentioned, I wanted to touch upon natural
circulation results.

(Slide.)

MR. GUPPY:s And some of the important factors tc
adeguately nodel natural circulation are pcinted out here,
The flow rates are small, typically in the 5 t 1i

range. Friccfonal pressure losses drastically are reduced.
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Small differences in the locations of the thermal centers
are nov important., It is necessary to have a detalled
accounting of density distribution throughout the system, so
you can trap the natural circulation driving heads, ani also
important are the heat capacity effects, the coolant
interacting with the wall, because there are very long
piping runs.

(Slide.)

MR. GUPPY: The specific results that I will show
in a minute are for an LOEP, for loss of electric power,
natural circulation event. I am showing this to show the
impact of system nodalization on the results. On the
primary sida, it is a one-channel simulation, and two cacses
are presenteud, one which I call detailed nodalizaticn, and
one which I call coarse nodalization.

These are roughly 100 nodes for the detaiiled node
and about ten for the coarse nodalization.

MR« KERR: Mr. CSuppy, if one joes back to tha

previous slide, if I may, for just a minute, is the

v

difference in nodalization an effort to achievs those peints
that you are making here? For example, dces ocne get a
better description of small differences in location of
thermal centers with fine nodalization and better track of
thermal centers and density changes?

MR. GUPPY: Yes.
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MR. KERR: All right.

MR. GUPPY: One other peint I did want to =ake
here is that in keeping with trying to make this
computationally efficient, I would just point cut the
results here. This is for a CDC 7600. The transient ran
out to 360 seconds of simulation time. For the detailed
nodalization case, it reguired 226 seconds of CDC, 7600
time. Nodalization was 141 seconds. It is what I call real
time or better simulation.

(Slide.)

MR. GUPPY: This is the results of the detailed

1 et A
LA00p TliOW

versus the coarse nocdalization for the primary

rate. You can see there 1s indeed a difference in the

t
[

natural circulation flow rate achieved which is 4di

"

ectly

=
2]
n
-
n
b
e
.

attributable to the degree of nodaliz.tion that

The next vu-graph on Page 30 shows the -

w
3
L 6]
®
L |
W
(a4
[ o
"
m

respone for the peak coolant temperature, and thers

[
n
w

~

difference in time to the second peak as r2ll as a
difference in the actual magnitude of the reak. It is
roughly 39 degrees XKelvin here.

Now, this difference in the temperature iz
directly an effect of the £flow rates being different and the
flow rates being different are f _a such things as are shown
on the next slide.

(Slide.)
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MR. GUPPYs What I have plotted here is 3us
gravitational pressure drop plotted in Newtons per sqg

meter. This is about 9 psi. The transient was run 1

seconds at steady state before the rafter was scrammed.

This is for the core gravitational pressure drope.

t

the

uare

0

You will see the differences. They are minor.

This is a blown up scale. This is roughly 1,000 XNewtons

square meter, but the driving force under natural

circulation is on the order of a psi or so.

So, there are differences in the -- there are

differences in the varicus components for the natural

circulation head. That is just for the core.

The next vu-graph shows the next gravitatiora

head. It is plotted in Newtons per square meter. There

minus values in the SSC terminology. A minus pressure

is a pressure gain. You can see that it is on theo

Q
"

3,000 Newtons per square meter, roughly one-hal

h
W
0
0N

for the natural circulation driving hezd.

S 0f a na

As is evidenced hcre, there is le

0n

circulation driving force for the detailed nodalization

T aé -
Yo LeT 2

MR. CARBON: Excuse me, Mr. Sup

o
e

to wind up within five minutes if you could.

MR. GUPPY: Oh, all right. I thought I was

allocated 45 minutes.

MR. CARBON: Try and close it off a little

ALDERSUON REPORTING COMPANY, INC,
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if you could. We are behind schedule.

MR. GUPPY: Okay. The next few slides were tc
show -- again, these are intercode comparisons, trying %o
shovw some multidimensional effects down at low flow, low
pover conditions. Intercode compariscn 1-D versus 3-D for a
section -- horizontal section of pipe, a severe transient,
that is about as severe as you are going to get for a
natural circulation type of event.

The purpose of showing it was to show that, Number
l, the agreement was not that bad, and also, you can use the
one-dimensional results to indi.ate areas where potentizlly
the three-dimensional code would be necessary.

(Slide.)

MR. GUPPY: Page 34 indicates the input response.

(Slide.)

MR. GUPPY: Page 35 shows for various =-- the 17.7
meter long horizontal pipe, these are at five and a half
meters, l1ll.6 meters, and at the end of the ripe, these
results are with coolant wall interactions. These are
without coolant wall interactions (indicating).

The dashed lines are the SSC one-dimensicnal
results. The solid lines are the tempest code results,
which is out at Pacific Northwest Labs, and the dots here

are from the comics code results (indicating).

|
e
3
=
4|
J
'
»
)

That is the agreement for the one
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versus the 3-D.

The other thing that I wanted to indicate fronm
that was that we did use a correlation that was derived by
Jackson and Fewster from water experimental results to
de e a dimensionalist parameter in terms of the heat and
momentum transfer numbers.

This gamma, which is in this form, and they found
for vater experiments that if jamma was greater, it should
be 1.0 times lo-u. The buoyance effects in a round picge
would be important, and potentially earmarked areas where
three-dimensional effects were important.

Page 37, I just show the three axial locations, Dy
using our one-dimensional results, again, where cignificant
buoyance effects could come into play, and if you look at
this and go back to Page 34, you <an see some of the =-- like
the five ani1 a half. The thing starts to -- You should note

that Page 34 starts at 40 seconds. It does not star

it
W
t

Zero.

(31ide.)

MR. GUPPY: You can s2e that the comparison 1ic
poorer during a period when significant thermal effects
could be shown.

T> summarize that, what I was trying ¢tc¢ zhow there
was natural circulation effects, coolant mixing in the pipes

and heat capacity effects between coolant and tne wall zare

ALDERSON REPORTING COMPANY, INC.
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important. The 1-D results for the case study were in
reasonable agreement with the 3-D code results. It was good
for a fairly severe case, and also that the 1-C results
could be used to predict where 3-D codes could be useful,

(Slide.)

MR. GUPPY: I will not show the specific results
of the next few slides. What I will do is just say, we do
have operational transient capability, because we have the
plant protection system and the plant control systenm
models. We feel fairly generic =~- the generic mocdels for
input. The user can add more. We do not have =-- we do have
control systems for the reactor, multiple control Ttanks,
pump controls both on the primary intermediate and also on

the feedwater and at the turbine and turbine bypass.

(® ]
e

In the succeeding pages, are sample results

operational transients that were generated. As I say, «e

O
t

can do operational transient analysis and study the inmpa

of control systems on the plant protection system zctioan

n
-

w
"
m
3
O
+*
v
&)
b )
b

Okay. We have some future plans that
Page 43.

(S1lide.)

MR. CARBONs Let us just reaid thoc.e, if you will.

MR. GUPPY:s In summary, we do have versions o°¢
SSCL PEW that are operational. We have a wide ranze of
T

- gl ’ Y 3 o~ - 3 -
he SSCS workX is under

applications work that is under way.
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way. Code validation work is proceeding. it is n

anywvhere near complete. We do have continuing eff

on in user support, not only in this country but in

countries, and model improvements and extensions a
implemented as required.
MR. CARBONs Fine. Let us take a ten-mi
(Whereupon, a brief recess was taken.)
MR. CARBON: Go right ahead.
(Slide.)

"4

MR. XRESSs I am Tom Kress, from QCak FRid
National Laboratories. I manage the aerosol relea
transport program. I would like to remind vou wha

aerosol release and transport program is about.

It is a consequence assessment program £

accidents, and our studies are focusing in two are:

relevant to the primary containment and those relev

the secondary containment.

The primary containment studies we are r

highly energetic molten U02 under sodiume. The stud;

principally the transport of this material to the

area -- in the sacondary studies, we are £focusinc

validating aerosol behavioral codes under condition

you have mixtures of nuclear aerososls, sodium oxid

uranium oxides.

Also, I would remind you the primary cont

ALDERSON REPORTING COMPANY, INC.

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

soe v 86

crt coin

re pbelng

nute treak.

AW‘G

se and

t the



18

10

n

12

13

Lo

15

16

17

18

19

21

24

" ov - o}

~1

experiments are conducted in a small scale modal vessel
about one-tenth the scale of the CRBR. The vessel is about
tvo feet in diameter, about six feet tall, and in this
vessel wve heat samples of UO2 by electrical means,
electricity stored in capacitors, put it in very high molte
energy states, on the order of 4,000 joules per gram, and
then we study the dynamics of the vapor bubbles that are
created to identify the things that occur just to c=ee what
happens, and then to quantify the dynamic behavior,
primarily to look at the transport of the material.

(Slide.)

Iz N

2

¥R. KRESS:s This is a photograph of the

v
0

sodium facility as it exists today, just to show that it is
in place.

(Slide.)

MR. KRESS: This is more illustrative of what we
do. This is a diagram of the system. Samples of U02 are
mounted in a low position in the vessel. The discharge
condensers -- we put them in a high energy mclten state, z2n4d
these essentially disassemble, much like a small sczale
reactor event, and the UO2 vapor bubbles grow anéd form under
the liguid, whether it be water or sodiunm.

We are presently conducting water exgerimentc.

The type of measurements we make and the type of information

ve iook for, in vater tests, we have a point not shown in
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which we take high speed motion pictures to try to i

(Y
®
3
ct
e

'h
-y

the dynamics of the bubble formation.

There are rapid response submersible pressure
transducers. There is a train of thermocouples, 2 matrix,
SO to speak, in the path of any rising bubbles that might be
created that are intended to respond to a thermal transient
so one coull map the position of the inter.ace.

There are also -- Not shown 1s the pressure
transducer, and the cover gas space respond to movement of
ligquid and the compression of the gas and could te used as a
measure of the volume of this bubble at any tine.

We also take samples of the material that reaches
the cover gas, sO we can determine the guantity that
survived the transport. We look at these samples to
determine their characteristics in terms of aercscl sizes,

Finally, we are developing a system in which we
mount acoustic transducers on the exterior of the vessel ani
us. pulse echo technigues to image this bubble. This is
development item we are trying to use because we cinnot s22
the bubble with motion pictures when it is under scdium. Ye
use the acoustic device as a measure ¢of the size, vosition,
and velocity of this bubble.

(Slide.)

MR. KRESS: These fast primary vessel experiments

are being conducted in three separate phases. rirst, we are

ALDERSON REPORTING COMPANY, INC
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not having any liquid present, just an arcon environment.
Following that, we are doing disassemblies under water, ani
then we will proceed to under sodium experiments.

We have presently reached the milsstone in which
we completed the second phase of the experiment werk. This
morning I want to 1iscuss what we have found out in these
two phases, and the implications -- what I think the
implications are.

(Slide.)

MR. CARBON: 1Is the work that you have done of
importance to the LMFBR people?

MR. KRESS: I think it would be, because it
essentially is releasing molten fuel under water, =and
1ooking at the events that occur. I th.nk they should bde

interested in it, although LWR's are not projected to get

e
*
-
v
ot

guite this high in energy state. So it does excee
they need.

First, the system model is one-tenth of tae

h

primary vessel. What is this disassembly in zerms o
scale? 1Is that the same scale?

MR. KRESS: Linearally, it is the same scale. In
terms of surface to volume ratios, the bubble iz much
different. We produce bubbles on the crder c¢f one foot in
diameter. The LMFBR postulates that, so surfacze to volunma

ratio to scale is one of the diameters =-- it is like the

ALDERSCON REPORTING COMPANY, INC
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one-tenth. The objectives of the non-liguid exceriments,
the argon environment experiments are first to develop and
understand the electrical capacity discharge system for
producing these disassemblies.

This was an item that was a development iteam to
begin with. It had never been done before. The use of

\

electrical energy produced high energy bubble states in UO

L

had not been done before. We 4did these argon tests. It is

§

a way to produce UO2 condensation aerosols, and it serves a

a way to characterize these condensation aerosols which can

o
O

ot
o

be viewed as source aerosols that might get produced a he
source, and the argon tests serve as ra2latively unattenuat=
tests in the sense it creates maximum amocunt c¢cf vapor
without any liguid and structure around to cool the "systenm

4
-

o)
'»-l

off. So, it serves as a base line -- not a ¢
a base line derermination of what the maximum ancunt cculd
have been available to transport to the sodium, and we will

use that compared with what actually gets through

w
0
v

measure of attenuation.
(Slide.)

MR. KRESS: Looking first at the kind of results

'_A
-
T
v
O
O
3
"
§
0O
ot
4]
i

we got in terms of characterizing the aerosoc
a series of tests at different energy inputs, different
energy .levels. We selected several 2f these that =oan the

ranges of energies all the way up to Jjust molten t& Just
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under the 4,000 joules per gram, and we took
photomicrographs of the aerosols produced and determined the
size distribution of the primary aerosols, and determined
that they were indeed log normally distributed, and they
were, as expected, small condensation aercsols on the order
of .0l4 micrometers.

I will discuss possibly the significance of that
kind of data in just a moment.

MR. CARBON: I would appreciate it if you would.
This is in argon?

MR. KRESS: This is in an argon atmosphere. It is
relatively rapid cooling.

Another type of information we get is the zuantity

of vapor that gets produced. Here I plotted it as a percent

of the initial sample. The initial saaple is about 20
grams., The percent -- the fraction of that 20 crams that

becomes vapor after this high energy material expands dcown
to one atmosphere -- *his is a function of the eneragy

output. This upper point here would corresponé toc jus

ct

about 3,500 joules per gram in this case. It is just barely
above the nolten state,
What I plotted here is experimental dzta in the

middle, and it is bracketed with two extremes cf an

w
=
b
cr
[
0O
o
"

3
|
|
)

calculations. The three points represent a conditio:

have to pr=2heat the sarples. These three points ars

v
Y
or
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identical preheats that are comparable to these
calculations. The other points are data that 2ssentially
had a different preheat history, but they were close enwvugh,
wve felt they would fall in the same sort of comparative
point.

Other 4ata follows in kind of a rance around this,
the only difference being the preheat. The differencec in
the calculations involve, first, no changes in physical
properties of the liquid as it goes through the melt. That

is this curve. But as it goes through the melt, UC2 chang

n

3
its electrical conductivity, changes its thermal
conductivity, and changes its density. If you include what
we think are realistic values for those changes, and redo
the calculations for the electrical energy discharges, it
moves this curve over here.

By puttiag in appropriate physical precperties of
the changes we are able to bracket =-- these are adibatic
expansion calculations. It tendis to show an adibatic
calculation is an appropriation way to determiren the vagcr
yield which you would expect.

(Slide.)

MR. KRESS: The implications of these arscn tests,
looking first at the size distribution, these are
condensation aerosols we are looking at, and the productiosn

0. condensation aerosols is by homogeneous nucleation. The

ALDERSON REPORTING COMPANY, INC
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sizs2 you get iepends on competition between nucleation ratss
and growth, and a difference on the supersaturation ratio.
So, if in the gas tests w2 think the dominant mode of heat
transfer is radiation -- we also believe tiat will be the
case in the under liquid test.

If so., they have comparable cooling rates. You
expect to see the same sort of size distribution for the
primaries. If when we go to the liguid test wWwe get 3

different size, it will be an indication to us that perhap

n

ot

there are different modes of heat transfer. If we th

e}

e

il

m
=9
r
Q
N

same size, #e feel relatively confident in our asseccon

radiation, that that is the major mode, and it gives u

m

confidence in oun experiment.

Also, knowledge of these --

MR. KERR: Tell me again why you would get
different sizes if you have a different mode ¢f heat
transfer.

¥R. KRESS: Not a different mode, a different rate
of heat transfer. It does not depend so much on the mcde as
the rate of heat transfer. It depends on the
supersaturation transfer. So, it is the rate of heat
transfer.

MR. FIRST: The agglcmeration rate ic the sar=z.

If you have more time, you get more agglomeration.

MR. KRESS: Agglomeration is not a facter.

ALDERSON REPORTING COMPANY, INC.
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strictly a production of a fundamental particle from the
vapor state to the liguid state.

MR. FIRST: If you have a lot of particles, you
are going to get agglomeration nonetheless.

MR. KRESS: We separate those out.

MR. FIRST: This is a calculaticn.

MR. KRESS: In looking at the data. In looking at
the photomicrographs, we do not look at agglomerates. we
look at the individual particles.

MR. FIRST: What do you do with the agglomerates?

MR. KRESS: We lsok at the parts that make up the
agglomerates.

MR. FIRST: You try to count the particles in th

b
w

agglomerates?

MR. KRESS: VYes.

MR. FIRSTs What fraction, roughly, ©of the
particles you count are in the agglomerated state?

MR. KRESS:¢ I these experiments, 2ll cf then.

¥R. FIRST: All of them are? You never see 3
single one?

MR. KRESSs We collect these samples at some time
during disassembly, and they are allowed to acglomerate.

MR. FIRST: How many particles do you get?

¥R. KRESSs Thousands.

¥R, FIRST: Thousands?

ALDERSON REPORTING COMPANY, INC.
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MR. KRESS: Yes.

r eV v

MR. FIRSTs I don't understand how you ca2n size

those optically.
¥R. KRESSs It is difficult.

(General laughter.)

MR. KRESS: You count many. That is why
looked at a3 selected number. You can use these primary
sizes to synthesize properties of agglomerates.
of agglomerates -- it is important to know those,

implications of the yields mostly to understanding our

expariments ~-- they give us the-base line

find out how much gets attenuated durin3y transgort,
also shows the relevance of using adibatic calculati

2stablish vapor gualities on expansion mode of fuel

some lower energy state.

(Slide.)

data so we can

MR. KRESS: The scope of the under water

experiments, the purposes ¢f these were to valid
particular zcapacity for discharge design that
under sodium by testing it out under water

use of high speed motion pictures under water, we nhop

o

identifvy the expansion phenomena to see what haprcens

bubble is produced.

We use these high speed motion pictures to

correlate our instrumentation from other instruments
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are discussed, so that we can be confident that we c:n
interpret the sodium results when we get them.

We would like to guantify the ccndensaticn and
transport rates under water for comparison with sodium and
comparison with our analytical models that we have, ani we
are trying to develop this ultrasonic imaging system I
discussed earlier.

Those are the objectives generally.

MR. XERR: That ultrasonic inaging system measures
pressure pulses?

MR. KRESS: Yes, it is a system in which the
acoustic transducers are emitters, and --

MR. KERR: You are not measuring something like
bubble collapse?

MR. KRESSs We send out a signal and let it bounce

off the bubble, and it comes back. It is a scna

r
cr
©
Y]
.

MR. KERE: It measures sizes?
MR. KRESSs It measures sizes and positions. Ve
hope -- We are developing that. We hope that is what ~--

MR. KERRs You hope it wille. That n

m
-
T
n
1
i
L}
{
3

better.
MR. KRESS: We have some experience with it.
(Slide.)
MR. KRESS:s I am not going to dwell on this

slide. These are the test matrices of the water tests we
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have completed. We varied the guantity of xenon that was
included in with the sample as a non-condensible gas. We
varied the water temperature over two levels, one a
relatively cool level and another one at essentially boiling
point or close to it. We varied the h2ight of the liguid
above the sample by two values, something like almost four
feet and almost -- a little over two feet above the sample,
and the energy input from the capacity discharge was varied.

So, that is the kind of test matrix results I an
going to discuss nowe.

MR. KERR: Why did you measure the high
millimeters rather than centimsters?

MR. KRESS: Because millimneters is the ANSI
acceptable standard. We are converting over at Cakx Ridge.

MR. FIRST: Are thes2 numbers purposeful in =11
cases, the numbers for energy? 1Is this just something vou
got?

MR. KRESS: The energy is. The rast are
controllable. The energy is not controllable. We trizd to
set the system up so we cculd get enerjies between 30 3and 40
kilojoules. Energies less than that are really not --

MR. FIRST: 1In your gas pressures, [ see yonu have
three decimal places. HWere those purposeful alsec?

MR. KRESS: Not in terms of the iscimal rlac==s.

The important ones are the first two decimal places. Those
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are like 1 ‘- .1 millipascals in atmosphere --

MR. FIRST: These come from conversions?

MR. KRESS: VYes.

(Slide.)

MR. KRESSs A summary of observations from these
tests -- well, maybe I ought to look at this slide here
first.

(Slide.)

MR. KRESSs This is the kind of result we might
get. These are pressure events produced by the CDV charcge
as measured by our submersible pressure transducers in the
ligquid itself. On discharge we got an initial pressurs
burst hollowed by an expansion of the bubble. That lowers
the pressur2s. .. 7e*+s lower than normal system pressure.
The bubble collapses aguin and creates a sscond pulse, 2and

the oscillation continues in ever-decreasing amplitudes.

0
Ké)
D
LB ]
|
)
(=5

One of the things we can measure it thi

some analytical

between these pulses and compare that with

*

models we have, and this is a kind of -- if you vary the

system pressure at the start the cover gas from ==

pressurs

this is lika2 the atmospheres. One atmosphere. Cne

atmosphere with a change in temperature of the watar and
lower than one atmosphere.
You can see how sensitive this perioc? is to thesa

]

that we

Q
]
W

"

It is a sensitive measure

-~ -~
can C

L 4

variables.
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with our analytical models.

(Slide.)

MR. KRESS: Speaking of the analytical mcdel, this
is an example of the UVABUBBLE code being developed at the
University of Virginia. It predicts the same pressure
pulse. This is the initial prediction. This is in
millipascals. This is a bubble expansion. As a parameter,
since radiation heat transfer is an important mode in this
model, they varied the emissivity of the vapor to see what
effect it would have on the second pulse. It had very
little influence on this period. It does influence the
second pulse considerably.

So, by measuring period, we can check a lot of

hydrodynamics. By measuring the pulse, we can check out
15 some of our parameters to see what are the agrpropriate
16 enissivity values to use in tha code itself. Cur data s0
17 far indicates an emissivity value of about .15 seenms .
18 describe our second pulse.
19 MR. KERR: Does it mike sense physicallv?
20 MR. KRESS: We do not know yet. It is not =-- It
21 has to do with geometry also. We are looking 2%t that tc s2e
2 if it matters.
23 MR. KERRs So you think these emissivity rnunmbters

24 have some physical significance and ars not just a £fudae

25 factor which permits you to =--

! ALDERSON REPORTING COMPANY, INC
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‘ 1 MR. XRESS: Yes, I do believe that. 4We are not
2 altogether convinced yet that radiation heat transier is the
3 primary mode, because we do see entrainment of the liguid.
. < These entrained liguid droplets can have a strong influence

5 on heat transfer. In this case, it may not have physical
6 significanca.
7 T> summarize the fast water observations, the

8 disassemblies do produce single cocherent oscillating bubbles.

B (Slide.)

10 MR. KERR: What is the significance of the word
n coherent as used there?

12 MR. KRESS: It did not produce several bubbles,

13 and it did produce a spherical type bubble that was not a
. 14 jet -- it was definable as a spherical entity.

15 MB. KERR: I was not being critical. I wanted to

16 know what it meant.

17 MR. XRESS:¢ Definable as a bubble with a clear

18 interface.

19 ¥Re. FIRST: These are all just cne bubble

20 formation.

21 MR. KRESS: Yes.

2 M. FIRSTs Is there somewhere along here you are

23 going to connect this up with a continuous heat source
‘ 24 MR. KRESS: No. No. We are talking about single

25 bubbles. The films indicate there is 2nough cocoling of this

ALDERSON REPORTING COMPANY, INC.
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‘ 32 1 bubble so that aesrosols are formed in place within the
2 bubble. I guess that should have been obvicus, but I was
3 not sure that it would do that.
. 4 MR. KERR: What is an aeroscl in this sense? You

5 get little droplets?

6 MR. KRESS: Yes. Droplets and soliids.
7 MR. FIRST: I should think so.
8 MR. KRESS: These vapor bubbles have been observed

9 to> rapidly condense within the first coupls of hundred

10 milliseconds during the oscillation phase befcre they have

r

e

n time to rises significantly through the liguid. Th

e

12 condense completely. We have measured very little transport

13 of any of the UC2 to the cover gas except in very special
‘ 14 cases in which we place the water temperature very near the

15 boiling point.

16 In those cases, we do measures a little bit the

17 transport, and we think this is because of the position ci

18 the water. It may produce a more persistent bubble, and

19 these measured bubble oscillation pericds which depend 2n

20 the hydrodynamics and heat transfer have been in generally

21 good agreement with the preliminary calculations using the

22 University of Virginia UVABUBBLE.

‘ 2
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(Slide.)

A quick look at the status of the instrumentation,
we have been satisfied with the response of the submersible
pressure transducers under water. One comment, they require
insulation from ground to prevent interference from electrical
discharges.

When we get to sodium, we don't think we can use the ground, so we
will lose the first impulse. A good measure of the bubble
isolation frequency as compared with what we see on the high
speed motion pictute films =-- and the measurement of the
pressure level is what we would have expected from calculations
and by calibration using static pressures.

We think these are now ready for under sodium use.

MR. KERR: The CDV electrical interference comes from
a magnetic field?

MR. KRESS: Yes.

MR. KERR: The sodium may provide a good insulation
against that.

MR. KRESS: It may. In the water test, we had to
ground it. The cover gas measurements, they were effective in
measuring the cover gas pressure. We were able to interpret the
response as a measure of bubble volume, as compared to the
motion picture films.

The particular transducers we had were much too big

by a factor of 10, so the sensitivity was not good. We have

ALDERSON REPORTING COMPANY, INC.
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now changed those out and put in a smaller range unit.

MR. KERR: Were these commercial units?

!
|

i

MR. KRESS: Yes. The ones in the cover gas are a little!

different than the ones in the submersible, but they are on the
same principle.

(Slide.)

I guess I ought to cover the rest of these. The thermo-

couple array was disappointing because our bubbles condensed

so rapidly that they really did not have an opportunity to contact;

our thermocouple. There were a couple of thermocouples close
to the bubble position. There was some iimited contact there.

It indicated to us that we have too slow a response of
thermocouples to be able to track the bubble. That is the change
that is needed. As far as development of the ultrasonic bubble
imaging technique, we first tested it out using an auxiliary
tank with fixed spheres.

Bubbles, tennis balls, things like this at different
sizes and just let them rise up past a fixed transducer. We
were able to determine the size and the velocity and the position
of these fixed spheres with the ultrasonic devices.

We then attached them to our water system and were able
to get them on in time for four tests. In two of the tests, we
had faulty mounting. One of the problems is how do vou mount
these?

They have to be mounted on wave guides. So, mounting

ALDERSON REPORTING COMPANY, INC.
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|
|
|
|
!
!

is critical. We had faulty mounting that came off during a bouplef

of the tests. The other two tests, we got gignals that were
interpretable in terms of _he first extension of the bubble
size, but the signals =-- I think there is still a mounting prob-
lem.

We were not able to see the subsequent oscillation of
the bubble in these things, although the films show they were
there.

MR. CARBON: Tom, why don't you plan to wind up within
five minutes and give us a couple of minutes for questions?

MR. KRESS: Okay. Let me switch then to the aerosol
part of the program. The secondary containment part is being
ccnducted in our nuclear safety pilot plant vessel. What we do
there is we use a plasma torch technique. At the same time,
we introduce liquid sodium. We mix these primary LMFBR aerosols

in different proportions and in different mass concentrations

and make a full battery of measurements of the aerosols so we can

validate the computerized models that are being developed for
the natural attenuation of these aerosols, with the view in mind
of eventually determining quantities that might be released in
secondary containment.

(Slide.)

We have completed another major milestcne in that part
of the program in that we had outlined a test matrix that would

scope the parameters for these mixed aerosols. This is a matrix

ALDERSON REPORTING COMPANY, INC.
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we had outlined which varies the total concentration, the mass

ratio of the two different species and the natural size difference |

between the aerosols by varying the time at which they are mixed.
We are now completing this matrix of mixed aerosols.

The typical kind of results we see with the mixed aerosol test --

first, there is a burn to produce U O . After about an hour's

3 8
time to allow this stuff to age, and to agglomerate, we introduce

sodium.

This is aerosol concentration in the vessel versus time.

At this time, there is no abrupt change in slope, a concentration
decrease and the U O follows the sodium. This is the typical

3 8
kind of evidence that we get, that the two aerosols are acting

together.

They co-agglomerate. They act as a mixed species
aerosol. The dashed lines compare them with equivalent runs in
which this component was put into the vessel just by itself
without the other. So, you can see there is a change in
behavior when they are mixed together.

(Slide.)

If you look at a single component, U O run the data

8
of the dots. The curve is HAARM-3 calculation? Starting from
a known condition of concentration and size distribu. .on, you
can see that appropriate choices of the parameters allows you to
do a pretty good description of the mass concentration.

-2
You should not really believe that data below 10

ALDERSON REPORTING COMPANY, INC.
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This is strictly for U C aerosol alone in which these
3
parameters correct for the fact ;hzt U O aerosols go together
in long chains and become fluffy aerosglg. These are parameters
that correct for that.

If you mix the two aerosols, sodium oxides generally
exist as solid spheres rather than as chains. So, you would
expect a different behavior. This was a case in which we mixed
a sodium to uranium aerosol, with about a one tenth ratio of
mass, where one is sodiu@ and ten is the uranium.

You can see in this event, this is what you would use
in a code to describe a pure sodium aerosol with a spherical
behavior. This is what you would use for U O , a chain aerosol.

3 8

You can see a one tenth aercosol, which is primarily U O .
3 8

You can still describe the behavior better by using
the U O properties.
3 8
(Slide.)

Shifting now to a one to one ratio, where they are

{
|

equally in there in terms of mass, you can see you still do better

by using strictly a U O properties, sc the chain-like properties

3 8
of the mixture tend to dominate the behavior. If you go even

further to four times as much sodium, four times as much of the
sperical property.

You see at this point, you are beginning to part a
little bit from the dominance of the chain.

(Slide.)
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It took a four to cne ratio of cthe sodium to get that.
S0, you do not strictly use a mass waiting system to describe thisi
kind of behavior. There is a dominance of chain-like behavior.

We think this is new information that is of significancef

(Slide.)

I would .ike to summarize the observations from this ;
program. We feel now that the HAARM-3 code is adequate to
describe the single component U O , or the NA O aerosol.

3 8 2 2

Co-agglomeration is, in fact, the case. These two
aerosols when mixed in all proportions =-- by this kind of data
here, it was shown that U O chain-like species appears to
dominate th:z behavior, ev:naup to a four to one ratio of the
sphere.

I will skip these, too. We also have shown that these
chain-like characteristics of the U O tend to disappear if you
have a lot of moisture present. I 3oild like to show that
before I quit.

(Slide.)

This is what U O aerosol loocks like in a very dry
condition. A chain-like3f§uffy -=- it looks like a cobweb type
¢f thing. If we ran a test, just like this dry test, the same
concentration but we introduced a lot of steam into the vessel,
about three times the saturation values, it looks like this.

(Slide.)

So, moisture tends to destroy the chain-like appearance.

ALDERSON REPORTING COMPANY, INC.
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] i MR. KERR: The size of the larger particles is about i

|

bfx. 2 | what? .
3 | MR. KRESS: This would be on the order of 2 to 5 ;

f
. 4 ! microns.
| |

MR. CARBON: We are really out of time. Do yd>u have |

w

& | questions =-- I think it would be more important for you to ask

questions if you have any, than for more presentation.

8 | MR. FIRST: What is this intended to simulate? That
9 é is nor clear.

|

|

10 | MR. KRESS: The aerosols?

1) MR. FIRST: The experiments, what particular accident

KREPORTERS BUILDING, WASHINGTON, D.C. 20024 (202) 554 2345

12 or sequence are you simulating?
. 13 MR. KRESS: We are trying to keep it accident scenario
14 § independent. |
15 g MR. FIRST: Do you mean this is a pure aerosol stuay?
% 16 j MR. KRESS: Right, but we fixed the ranges of our |
7 |
g 17 é things so that you can postulate releases of sodium into the |
=
Z 18 f secondary containment for an LMFBR.
; 19 } You can postulate releases -- how much UO2 gets in
E | ‘
20 1 there. You talk about concentration levels on the order of one to|
21 ﬁ ten grams per cubic meter. We are in that range with these things.
i |
222? In fact, we have exceeded it. We try to produce the
;

23 | aerosols that have the same properties and the s-..e behavior as
’ 24 | sodium.

25 MR. FIRST: Ralph seems to --

i ALDERSON REPORTING COMPANY, INC,
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v VOICE: Let me clarify something. Up to now, the NSPP
’ 2 | tests were working in the dry conditions, fuel aerosol sodium,
bf

3 | aerosol under different sequences. In other words, different --

. 4 | which could imply different sequences the way he has introduced |
| |
@ 5 | the sodium first or the U0 first. i
4 i 2
6 The program would now move over to tne more generic ‘

7 | core melt aerosol, where later in the accident, when you start

to get into a core melt, you start to get moisture from the

GTON, D.C. 20024 (202) 554
[+

which now would bring you into a new condition; no longer a dly

!

[

9 | interaction from *%e heating of concrete within the containment,
[

10 |

11 condition.

12 Also, it brings into play large mass quantities of

|

i
13 | other aerosols besides sodium or UO .

|

o: 2 |
14 f MR. FIRST: That is an altogether different regime. }
15 VOICE: That is right. That is the regime that he is

16 | just starting to get into.

300 TTH STREET, SW. | REPORTERS BUILDING, WASH. .

17 i MR. FIRST: What is the relation to what he is doing,

18 i to what you are coming to? This, I do not understand.

19 1 MR. KELsER: This regime is the =arly part of that.

20 i MR, FIRST: IF none of the aerosol gets out of the '
21 ﬂ pool to start with, what are we worrying about? What the particle
22 f size of the condensed U0 is and whether it agglomerates or

e :
23 doesn't. If it all remains in the pool.

24 VOICE: No, but =--

25 MR. FIRST: You are talking about an altogether iifferent

i ALDERSON REPORTING COMPANY, INC.
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accident now, which is a vessel release.
VOICE: First, we are starting with the vessel release, f

which includes fuel and fission products.

MR. FIRST: He is not talking about that. He is talking|

about a bubble inside the vessal. '

VOICE: Assuming failure of the vessel, now you have

a source term.

MR. FIRST: But you l. e an altogether different
aerosol generating mechanism. This does not have anything to do
with spillin sodium out of your system into the containment !
vessel -- into the large vessel.

MR. KELBER: Let's back up a bit. In the CRBR licensing,
«

the primary source was from a possible HCDA in which material was :

transported in the bubble through the sodium out of ;he upper head;
by virtue of -~ by virtue of the pressure exerted on the upper
head, which causes it to lift and open up a path.

That gave the o called one percent source term. 'ie,
as well as DOE, have wanted to understand that source term for
some while. We are now concluding that work.

There is a second cause of accidents. One which is
commen to LWR and LFMBRs. That is the core melt accident where
we are not concerned with the energetics, but with the fact that
eventually you spill the core on the floor and then you have a
problem.

That is where we are going. In addition, yocu do have

ALDERSON REPORTING COMPANY., INC.
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'l to worry in the case of the LMFBR about how these two situations |

bEmT0 2 interact. That is, if there were an end of spectrum accident in
3[ an LMFBR an aerosol produced in the course of an energetic
‘ 4 | recriticality would be expected to escape from the primary vessel. '

!
5 | "his comes along after the initial burst. This was

i
6{ another part of the program. This comes during recriticality

7 when almost all the core is molten. There probably would not be ‘
8 a great deal of transport through sodium under ti: » conditions. j
k¢ That aerosol would then be in the containment during i

10 the time that core melt is going on. Then, you have this !

n rather complex species. That is an end of spectrum type accident.

, REPORTERS BUILDING, WASHINGTON, D.C. 20024 (202) 554 2345

12 | I do not know how much priority that is going to have in the f
|
‘ 13 ﬂ scheme of things. '
14 % Our first priority ii the comin years however is going ’
15 ; to be the aerosols produced when you get the core on the floor. |
i 16 i As I say, the thrust there will not be toward LMFBRs, but really
g 17 : toward LWRs. |
- | |
Z 18 ; MR. KERR: I misunderstood Lecause I thought his descrip-
= <
% " ; tion of the experiment -- he was talking about energy densities
20 i that you would only get in some sort of peak pulse situation.
2) g MR. KELBER: Tna. ~-.n 18 now coming to a close.
‘ 22 l; MR. KRESS: There are two parts of the program. One

23 | is the energy density relative to the primary containment, then
‘ 24 | was the second pa.- .hich I showed later with the aerosols,

25 which is relevant to the secondary containment.

ALDERSON REPORTING COMPANY, INC.
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It is a fundamental aerosol study applicable to the
secondary containment.

MR. KERR: How do you get to the aerosols?

MR. KRESS: We make them.

MR. KERR: Can you get them from a water reactor core
melt down?

MR. KRESS: Oh, yes. You get aerosols produced from
concrete.

VOICE: ' There are -- in the sodium case or the case of
water over the debris or melt that is interacted with concrete,
you get a sparging of aerosols, fission products as well as
fuel coming up through the liquid.

This has‘peen seen in the Sandia experiments.

MR. KERR: You get them when you start getting the
concrete interaction.

VOICE: Yes.

MR. KERR: Not before, as far as you know?

VOICE: Some of the more volatile ones would be coming
off first, but then the --

MR. KERR: Some of the moe volatile what?

VOICE: Fission products, without having to require

the spargin effect, once the gases from the concrete sparge, then

they would take the lesser volatile materials too.
MR. FIRST: I do not want to hold up the proceedings

here. Maybe somebody would, at the end of this, take a few

ALDERSON REPORTING COMPANY, INC.
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minutes and try to explain to me what connection the work that
you are describing has to what you are talking about.

I cannot see the connection.

MR. KELBER: I think it is extremely clear. I do not
understand the confusion. Let me put it very simply. To calcu-
late the radiological source term, you have to know how much
aerosol remains suspended. Whetheir you postulate a certain

amount of core evaporization or you rely on the measurements.

|

|

|

However licensing does it, someone has to, as a function

of time, know how much radicactivity is available.

MR. FIRST: I don't have any quarrel with =--

|

|

MR. KELBER: Let me finish please. That is the function!

of NSPP tests, to check whether or not we have a satisfactory
need for calculating. When we started this work, it was not
clear that the codes were conservative.

The way we got started, and it was in fact a request =-=-
I cannot remember whether it came from standards or from NRR.

It came -- a request from them to do something about the un-
satisfactory state of affairs in this calculation.

This calculation is gquite independent of whether the
aerosol arises from a postulated source, from an actual source,
or the core on the floor, which is my own view, or from a release
to the primary vessel.

- The other guestion that was discussed, which is what

happens =--

ALDERSON REPORTING COMPANY, INC.
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MR. CARBON: Excuse me just a second, Charlie. 1Is he
answering your question?

MR. FIRST: No, not at all..

MR. XELBER: There is a complete miscommunication.

MR. KERR: Maybe you should get together at the end.

VOICE: Let's try to do it at the end.

MR. CARBON: Do you want to follow anything further at
the moment?

MR. FIRST: No. I would like to get a little :i0re
detailed explanation. I assume you would like me to respond to
this. I do not feel I have enough information.

MR. CARBON: We would appreciate it very much.

MR. FIRST: Since the meeting is brief, I would I'~ve
to get the information later. If that is satisfactory with you
and everybody else.

MR. CARBON: Fine. Do you have any more questions
at the moment?

MR. KERR: I have no more guestions at che moment.

MR. CARBON: Fine. Let's move on to the next speaker
then.

MR. GIESEKE: I am Jim Gieseke from Battelle-Columbus.
We are talking about aerosol code developments and verification
qualification as part of an effort which constitutes our efforts
in modelling the fast reactor safety study.

(Slide.)
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The program can be visualized, I think with this sort
of a breakdown that shows the major activities divided between
the code development and the code verification part of it.

Code development has gone through some analytical
work, development of the HAARM-3 code, which incorpcrates the

characteristics of the aerosols, the morfological parameters

lity correction, and coliision cross section

that were mentioned in the code.

is some question about the assumption that is
HAARM-3 code, which is that the aerosol is
normal distribution. Because of that, we have

additional types of codes: The CRAB code and

CRAB code used a continuous representation of qualifi-

There are two QUICK codes, actually.
is a histogram type approach to divide the

into sections. Sc, we have really three

different analytical solutions as a way to make sure that the
analytics are giving us good answers, or at legast comparable

20 ﬂ answers and consistent answers between the codes.

i MR. KERR: You get the same results from all codes?

MR. GIESEKE: In most ~ases we do. We can find extreme

cases of concentrations and so on where there are some differences

in the codes in

support of the analytical work, and also in

support of the Oak Ridge =-- the NSPP experiments.
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We are doing some fundamental studies in the properties
of aerosols and agglomerates. Materials we are worried about are
sodium, sodium oxide, fuel materials, structural materials such
as steel and the effects of the environment or the gas in which
they exist such as argon, air because of its oxidizing effect on
the sodium; and water vapor also reacts with sodium and has some
effect on the structure.

So, we are looking at the gases. This is work under
way. Code verification, we work thorugh sensitivity analyses.

We have gone through some code comparisons, as I mentioned.

We have developed a verification plan which provides a

very orderly procedure for going through experimental verifica-

tion of the codes and selec-.on of the experiments that one would

|

|
i
|
|
1

like to have. We are in the process of beginning some comparisons|

with data.

(Slide.)

To put it in a time frame perspective a little bit
better, the first item on the list is sort of a special item.

The question has come up regarding mixing in the containment.

We have a code that is the ZONE code that divides the containment f

up into three zones.

Zone one, which is near the source. 2Zone two which
is some sort of a natural convection area. Zone three where
you can have deposition on the walls.

(slide.)

ALDERSON REPORTING COMPANY, INC.




bfmlé6

300 TTH STREET, SW. | REPORTERS BUILDING, WASHINGTON, D.C. 20024 (202) 554-2345

10

11

12

13

14

15

16

17

18

20

21

22

23

24

25

It is arbitrary. It could be applicable for a compart-
mentalized containment. We were looking, in this case, at a
sodium fire situation. We estimated mixing rates that 3o with
different zones.

(Slide.)

We get this sort of a result where you see up to the
end of the fire or the time where there is a source in zone one.
There are some differences between the different zones, but the
mass concentration quicklvy assumes the same result as you get if
you assume it is well mixed from the beginning.

MR. KERR: From that I get the impression it occurs at
zero time.

MR. GIESEKE: It is very very fast. It is a little Lit
of function of how fast you want to assume the flow rates are
amongst the zones. It never carries that very far in time. It
is very relative to what yocu would expect for a long =-- cumpared
to wkat you =--

MR. KERR: Does that picture have any physical signifi-
cance?

MR. GIESEKE: Yes. It tells you the well mixed assump-
tion is a good assumption.

MR. KERR: I thought you just said it occurs rapidly,
if the flow velocities are rapid.

MR.GIESEKE: There is a slight deviation in here. You

are saying it is zero. If you get in there, you car see little
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bits of differences, maybe.

MR. KERR: I am trying to find out whether you havs
a nodule in the code.

MR. GIESEKE: Yes. We have changed the mixing rates
over a much broader rate than you would expect. It would not
make any difference on a graph of this sort that you could see.
If you took the numbers, you could see a slight deviation.

So, it is essentially a very very rapid mixing process
that it carries on.

(Slide.)

The second item on the list is a comparison amongst
the codes. I mentioned we mapped out -- we really tried tc find
areas where they would disagree as a more severe test.

(Slide.)

Just some examples of a typical source of agreement
for sodium aercsol case. In most cases, they tend to agree like
that.

(Slide.)

Here 1s another case where we used UO again. It is
quite good agreement. We actually have two QUIgK codes that
have slightly different assumptions of mass amongst the
different channels.

MR. KERR: Are these four distinct codes?

MR. GIESEKE: Yes. HAARM-3 assumes a log normal

distribution for tLne particles. CRAB is the collication of the

ALDERSON REPORTING COMPANY, INC.
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nodes. QUICK uses the histogram approach. There are two QUICKs =

when you take two size ranges, you can take the smallest of the
two size ranges. You can agglomerate those tc a bigger particle.
You get a different size than if you take the larger end out.

So, that was in a different channel. Basically, the
difference between QUICK one and QUICK two is how you smear the
ranges in the larger size ranges.

What it does show is that for =-- thos~ are typical of
most cases. There is one other case. This is the hiagest
disagreement that we were finding. You see, there i: a rather

significant difference here, even in this short a time.

|
|

i
|
|

i

|
|

It does occur after the concentrations drop off a couplei

of orders of magnitude. We are still in the process of sorting
out the difference. This is a high concentration aeroscl when
this occurs. The differences are related, not only to the high
concentration, but also to the spread of the distributions that
you have.

MR. FIRST: Why are you using number concentrations
instead of mass?

MR. GIESEKE: We use number concentrations. We use
mass concentrations. They all come out of the code.

MR. FIRST: My point is that a difference in number
concentration may be an insignificant mas. concentration since
mass is the primary parameter we are concerned with in terms

of releases. Is this concealing something that it should not?
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MR. GIESEKE: +Wo.

MR. FIRST: Or revealing something that is unimportant?

MR. GIESEKE: No, there is a difference. I would like
to show you all -- I think we have 30 curves like this, but I

don't think we have time.

MR. FIRST: BAr- .nese all on number, Or are some On riass?

MR. GIESEKE: Mass, size, distribution, number. We
are preparing them in a report right now that is coming out.
All I wanted to illustrate with that one vu-graph was that we
can :ind some places that are really unrealistic s.ct of condi-
tions. You can assume crame conditions where the codes do show
some disagreement.

MR. FIRST: May I ask another guestion on this
disagreement part which I think that really gets at the essence
of it?

None of these numbers have any confidence intervals

|
|
|
|
I
|

associated with -- none of these curves have confidence intervals

associated with them?

MR. GIESEKE: They are all calculated.

MR. FIRST: There are some uncertainties in the
calculations, shall we say? Certainly, thare are some uncertain-
ties in the data from which the codes were derived.

MR. GIESEKE: The codes assume a source and some
size that goes in there. All of them take the same thing.

MR. FIRST: I understand that.
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MR. GIESEKE: It has been set up -- just the question i

of, for instance, time intervals. We worked it that to where =--
beyond any change in results with time intervals.

MR. FIRST: That is not the gquestion I am asking.
The question I am asking basically islooking at your last slide
before this where you said you had some significant deviations

at some points on the curve. My question is, are these really

deviations of significance, or are the error limits of each of
these codes such that this is really telling you the same thing?

MR. GIESEKE: I am not sure I understand. The code |
results -- I could go to 1 millionth of the time interval.

MR. KERR: We will accept as an answer, I have not
thought about your question before. I will provide you an
answer.

MR. GIESEKE: Okay. Thank you for an answer to the
question. I think there was another item.

(Slide.)

We are in the process, acs I mentioned, of looking at
the properties of mixed aerosols. I think you have sea2n the
difference from Tom Kress of the different types of particles

on airborn mass concencration.

This is the same scale sodium oxide aerosol down at

the corner relative to UO aerosol. I think it illustrates the
2
difference in the particles.

MR. KERR: Those are the same scale?

ALDERSON REPORTING COMPANY, INC.
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MR. GIESEKE: Yes. The primary sites are much smaller

for the UO and the shape of the agglomerate is much different.

2!
(Slide.)

We are in the prcvcess of measuring the properties, not
only of the individual components, which we have done, but we

are in the mixed materials right now.

Another effort, as I mentioned, was the verification

plan. We are busily trying to get some consensus among the people

working in the area.

As I mentioned, the plan was prepared, and it has been

|
|

|
|
|

|
|
|
i
s
1
|
f
|
|
|
|
|

|
i

|
|

out for comments on an informal basis. We have a meeting scheduled

for later this month where we are going to go over our verifica-
tion plan.

(Slide.)

Just very gquickly, we are working down to this sort of
an outline. We have gone through sensitivity analyses with the
codes. We have tried to decide what sort of agreement the code
should have. With experiments we have tried to set ranges for
the variables of interest and select ranges for the validation
experiments.

Now, the way we selected the ranges for the validation
experiments --

MR. FIRST: I do not have that in my folder here.

MR. GIESEKE: I think you have this.

(Slide.)
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The shaded areas represent assumed accident conditions

plotted with dimensionalist groups representing wall deposition

relative to gravitational loss and coagulation relative to gravi-
tation or sedimentation loss, to map out areas where the accidents |
or assumed accidents are lika2ly to occur and to tell us where to

run expcriments so we can match it up with the accident.

|
|
|
|
!
|
|
There are some other considerations, I think in your !
handout, that are sort of outside this sort of an approach. i

(Slide.) |

This is based on the controlling mechanisms. Spatial !
inhomogeneity, as I mentioned, we have been covering with the zonei

code, and also there is some input from experiments on that, large

scale experiments such as at HEDL, the interaction rates for

S B T

mixed aerosols; that is basically the NSPP experiments, items
3 and 4. As I mentioned, those are coming out of our experiments
at Battelle as well as the NSPP experiments. 1
Localized thermal effects I think we can handle with
a crde, but there have alsu Leen some experiments in the Netherlands
directed towards that question; that is, if you have a hot spot
on the floor where you might have some thermal fretting repulsion,i
that sort of a mechanism is included in the code.
Possible particle heatup or charging because of the
specific activity of the material -- this has been evaluated

analytically and some conditions mapped out for it. It may or

' may not be of any importance.
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]| And the question of resuspension has been approached
g T . |
. 2 ! and limited -- from limited, small-scale experiments, as we have |

3 | done it at Battelle.

. 4 (Slide.) ?

5 ! I think the only other thing I would want to do is say E
6 : where we should get by the end of the year, and other items that |
7; are planned or anticipated. We would like to be or hope to be

8 | completing our comparisons among the codes, the .apping out of the |

9 | regions and trying to understand the regions where the codes are

10 | in some degree of difference.

11 The other -- the next item would be we are working towards
|
12 | an improvement of the QUICX code in this case to handle the mixed !

13 | materials or mixed aerosols a little more adequately. And we are

14 | beginning now to do work on comparing experimental results with
15 | our verification criteria to see what additional - «<periments may
16 | be needed<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>