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RE2CEEZRIXNC

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

m

-~

This is a mee.ing of the Advisory Committee on Reactor
Safaguards Subcommitte2 on Advanced Reacti-s.

I am Dr. Carbon, Subcommittee Chairman.

The other ACRS members present today are Dr. Kerr,
Dc. Mark, Dr. Plesset, and Dr. Shewmon.

Also in attendance are the ACRS consultants, Pr.
Catton and Dr. Siejel, and Dr. Savio of the ACES staff.

The purpose of this meeting is to discuss the
NRC-sponsored research on advanced reactors at LASL and
Sandia.

This meeting is beins conducted in accordance with
the provisions of the Federal Rdviscry Committee Act ana the
Government in the Sunshine 2Act.

Dr. Be Savio is the designated Federal employee
for the meeting.

The rules fc_  participation in today's meeting
have been announceil as part of the notice for this meeting
previously published in the Federal Register cn June 13 and
Junz 26, 1980.

A transcript of the meeting is being keprt and will
be nade available as stzted in the Federal Register noticee.
It i requested that each speaker first identify himself and

speak with sufficient clarity and veclume so that he can b)e
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reaiily heard.

We have received no written statements from
members of th2 public.

%2 have received no requests for time to make oral
statements from members of the publice.

W2 will now proceed with the meeting, ani I call
upon Dr. Xelber of the NRC staff.

(The ra2corded proceedings begin a+t this point.)

1

Y,

e« SCOTT: I hope this afterrcon I will have time

w

tc show you some naw results from this effort. There is a
considerabls amount of neutronics verification. I will Jjust
tell you one of the things that Eon Smith will tell you
later. One of the things that we really €find out is the
tight ccupling tetween the fluid dynamics and neutronicse.
It has a very larg= influance on the course of the accident,
so it is quite necessary tc know how well we are doing
neutronically.

We are also exploring at a very low level of
effort advanced £fluid dynamics models and advanced
neutronics models, in an effort not only to improve the

accuracy but to imprcve the efficiency of the code, and we

(oY)
'
o

have over the last yesar explor2d the f2asibility of a
capability.
There are a variety of other activities in Q7, but

N

really, they are mostly LWR, related to either LWR accident

ALDERSON REPORTING COMPANY, INC.
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delineation or accident analysis which is not of any concern
here.,

Finally, I would like to summarize users of the
SIMYER code. 0f course, nct everyone is using the thing the
way that perhaps w2 are a* Tandia. Sancdia, Hetaline,
ourselves, are probably the largest users. Some people put
it to very strange use. I think Brigham Young is using it
to> model fluidized coal combustion. I have no idea what the
University 5f Connecticut is using it for.

Among the foreign users, in Germany, it is
operational at -- is being used to analyze accident
transients in SER 300 by the people at Carlsra. It is also
being used by the people at Cc ogne, GRS, the licensing
agency, to analyze accident transients and SAF 30C also.
Yes?

VCICE: It is also being used by the Bream Ticket
Party at th2 University of Eamburg.

MR. SCOTT: The intervenors also have SIMYMER up

r

and rurning, I understand, and at the University of
Hamburg. It is being used somewhat in the UX, not widely.
It is being used in Ispra to investigate some accidents in
the Common Market in the core, the European core, and I
should point out that although not on this list, and

although it is not currently operational in Japan, through

the attache program with 34C, the Japanese are doing
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licensing calculations for “onjue usinz SIMMER at Llos
Alamos.

They e2xpact to have it operatiornal within three
months, if I read Xironabi's last letter groperly. Trying
to interpret his la2tters sometimes is 3 little difficult.

That concludes what I have to say, if there are
any guestions.

DR, PLESSET: I would like to ask a guestion.

o

Have you verified whether the code satisfies certain very
elementary but bdasic principles, like the laws of
conservation, mass, momentum, energy?

MR. SCOTT: VYes, we have attampted to verify that
a number of times. It is not as straightforward as saying
that it will always conserve mass, momentum, and energy. It
is a olarian code. There are difficulties sometimes if the
time step gots too large with the disagpearance of energy
from the code, but that can usually be corrected by
adjusting the time stop.

DR . PLES

(87

ETs Well, the reason I ask it is that
another very important code from your laboratory, they £ind
that if you had a small break in the system, that the mass
in the primary part of the system continually increases,
which is sonewhat iisturbina. You might say that this code
flunks Physics I.

(5eneral laughter.)

ALDERSON REPORTING COMPANY, INC.
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DR. PLESSET: Now, we would have said your code

¥R. SCOTr: Yes. That is because we discovered
this problem =--

DR. PLESSFET: What did you say?

MR. SCOTT: Yes. That is primarily because wve
discovered this problem scmewhat earlier than the track
people did, and we have worked on it over the past at least
tWwo years.

DR. PLESSET:s And?

MR. SCOTT: 2nd we usually -- I will tell you how
we do it. There is a technigue developed at los Alamos for
looking at the influence of time step, various convergence
criteria, so forth, on the energy balance, the mass balance,
and momentum balance.

#“hen we set out to do a large calculation such as
a transition phase calculation, we typically will do a small
sensitivity study, same geometry, to determine what the
optimum parameters are £for most of these things, sc that we
do in fact satisfy conservation equationse.

DR. PLESSET: What parameters would they be, for
instance?

¥8., SCOTr:s I need help from somecne helpful.

VOICE: I am with Los Alamos. Part of the

numerical technigue involves an implicit pressure --

ALDERSON REPORTING COMPANY. INC.

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



10

1"

12

13

14

15

16

17

18

19

21

24

DR. FL

)
t0n

SSET: I am sorry., I don't hear it.

V2ICE:s It involves an implicit pressure
iteration, and this reguires an iteration to some
convergence criteria, and the combination of the convergence
criteria and the time step determines the amount of mass or
energy conssrvation, and by setting up optimal parameters
for time step and for the convergence criteria, you can
guarantee that your mass is conserved to whatever percent or
energy is consarvei to whatever percent you wculd like.

Obviiusly, if you took such 3 criteria too small,
your calculation is going to take forever to run, so if you

want to conserve energy at say, a2 tenth of a percent, then

you've got to tighten your criteria somehow.

ct

DR. PLESSET: What about the effect of
noc 1lization? Have you studied that?

¥MR. SCCTTs VYes, we have. We have studied it with
ragard to post-disassembly expansion preoblem. Once again,
it seems to be problem dependent. Any time that -- well, it
is primarily controlled, I belisve, by the momentun
equation. Any time we get into an accident environment in
wvhich we are likely to generate streng shocks, we have to
use more ani more ncdes to get a good answver.

I have a few words to say this afternoon on the

verification abcut nodalization in the presence of strong

shocks.

ALDERSON REPORTING COMPANY, INC.
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As it turns sut -- I will just tell you the
punchline now -- scmewhere between about 250 and 1,000
atmospheres SIMYER as it is currently constructed will not
treat stron; shocks well at all for pressure sources in

there. We 4don't kXnow yet where it really becomes bad,

because we have a very limited number of experiments against

which to test it.

It seems to perform extremely well £rom one
atnosphere up to about 250. We do know from doing Cova
experiment analysis that it performs rathec pooarly at 1,000
atmospheres unless you have a terrific number of nodes, a
tremendous number.

DR.

(2% ]

much ab.ut these things, a kind of purely artificial or

synthetic diffusion introduced into codes which you might

say crudely is a product of the node size times the field

LESSETs There is often, I think, I don't know

-=- yelocity field. Now, this kind of spearing out is purely

artificial, Now, vyou have studied this?

MR, SCOTT: W2 have looked at the influence, and I

believe it is reported in the =-- Who was that? Charlie Bell

did the calculations. I forget where it was reported, but
will find out for you. We looked at the influence of
olarian smearing on pressure dscay in Lhe core region
following a disassembly burst, and looked at the influence

of the various nole sizes, and how that affects the

ALDERSON REPORTING COMPANY, INC.
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artificial l1ecay of pressure.
Pressure decays artificially because, as you roint

ion, essentially, of

[
mn

out, rightly, vyou have numerical diff:

b=
P
n

n t! scheme any fuel

b

mass into other zells, and sirce
which enters a cell is instantaneously eguilibrated with all
the other fuel, that tends to lower the prassures, but there
is a reference for that. We have studied it. It is a
problem. It tends to be a problem particularly in
situations wher2 yzu have large pressure g¢radients, as you
would expect, and are trying to treat it in large nodes.

The only alternative if ycu want toc prevent
numerical diffusion in the presence of large pressure

gradients is to us2 a larger number of nodes.
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It does become asymptotic to no diffusicn at all
with the proper number of nodec. This study was done Dby
Charlie Bell. I forget where 1t was rsported, to tell the
truth. Do 2ither 2f you know?

VOICE It was either in the sensitivity --

DR. SCOTT:s VYes, it was in the sensitivity. I
thin it was a document called "Impact of Model Uncartainties
on SIMMER II Accident Rnalysis,” I believe. I will £ind out

for sure.

9

DR. FL Ts I appreciate your telling me, and I

Vi
=
i

53

am going t> hold you to that, that this code passes Physics
I.

DE SCOTT: All right. Yike Stevenson, I belicve,

r

has =--

DR. STEVENSON: Dr. Carbon, Yike Stevenson, Los
Alamos. Just to respond quickly to Dr. Plesset's concern
over the TEAC ccdi2 and its conservation of mass problenms,
the orisinal version cof the code that was released some year
and a half ago did have mass conservation problems for
long-term transients. It was desicned to loock at large
break locas, aot long-term transients.

As Jim says about SIMMER, this conservation

protlem can be contrclled by small time steps.

-

Infortunataly, in using those srall tine steps in analysis

C

of long-tern transients, the running times were excessive.

ALDERSON REPORTING COMPANY, INC.
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The version of TRAC called TRAC PD~II, which,
coincidentally, is rteing released within the (.S. today, has
solved thosa conservation problems, still allowing lon3 tinme
steps, by using some imprcoved numerical technigues.

The pecint is that the first code would do a good
job at mass conservation but only with small time steps for
lonz-term transients. The new version of the code will
allow you to take lcng time steps and has auch shorter
running times. In fact, we are now using it to run loss of
feeivater transients much fastar than r=al time in the
accident -- two hours -- in the accident. So it is a much
improved version.

DRe PLESSET: I think this is an elementary
r23uirement that I am not going to give you a lot of credit
for.

(Laughters.)

DR« PLESSET: I am a little upset that a code was
out with that feature because you can't tell whe is going to
us2 it for <hat.

DR. STEVEKSCNs Yes, Pr. Plesset, but that is
something y2u always pay the price of with numerical
methods. A 3o0od numerical analysis must always take into
account that there is numerical errcr. The analyst must be

careful in his running of the code. Certainly any code can

be used to give bai answers. It is the responsibility of

ALDERSON REPORTING COMPANY, INC.
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the analyst to make sure it is not being used in that way.

When you put out a code, you can't guarantee that
a user is not going toc use it in a wrong waye. There's no
way.

DR, PLESSET: That bothers me a little bit, too,

w

because a code is not just to b2 used by the person who

developed it.

o
0
-

n
-3
™
-
2]
tn
()

N: That's correct.

o
e
-
o
e
m
v
o
tr3
*3
-

It still leaves open, even if you

vi

IYMER code gives

o7

pass Physics I, whether this cocde or the
results that relate to the physical world.

DRE. STEVENSON: The only way to tell is to do

(28

analyses of real experiments.

D8 PLESSET: RERight.
DE. STEVENSON: I think in both cases there is a

tremendous effort to try to see to it that the code will
give good answvers in comparison with real experiments.

DR+ CARBONs Along that line, I would like to ask
a guestion aimed at asking how much confidence you have in

the results that you get when you run the SIMNE

e}

calculation. I'm trying to add this in a broadened sense.
appreciate that you can run SIMMER with various aims in
mind, maybe understand something, maybe to compare
som2thing with another calculation, maybe tc come up with a

fiiite answer to a particular thing.

ALDERSON REPORTING COMPANY, INC.
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I 2mn sure yosu have given a 1ot of thought to the
confidence * you can put in the different uses. Can you
state those fairly broadly her2?

DREe SCOTT: VYes, I think I cane I would say that
with regard to accident environments that are fairly
energetic, where in fact there are larse pressure gradients,
that we havs a faicr amount of confidence in the SIMMER
CODE. Ey fair amount, I believe that although the may be
residual uncertainties in the result, they are of the orcder
of perhzps 10 c¢r 15 percent.

In any application where flow regime is likely to
make a diffa2renca, then I juess I have less ccnfidence. I
will tell vou why a little this afternoon. When it comexr tc
analyses, investigating and influencing flow regime, what we
currently are most busy with is implementing some -- we have
already implemented the bubbly flow regime, and we are

currently working on the film flow.

Xcuse mee. I didn't hear the

85

DR. SIEGEL:

v

condiitions under which your calculations are poor.

DR. SCOTT: Well, I don't kxnow if they are poor.
I just don't know, so I don't have much confidence, I
guess. In situations where flow regimes are likely to be
important, we do seze some substantial differences Letveen,
say, what SIMMER would predict and, say, what SAS-3-D would

pceiict. Now, that dca2sn't nec2ssarily mean anything,

ALDERSON REPORTING COMPANY, INC.
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bezauyse SAS-3-D, if anything, is less verified than SINMMER
is.
But it does aive us an intermediary standard. It

not verifisd, bty use over a number

"

has been sanctifie2l, i
of years. I guess what I am saying is that in the late
initiating pohase I would have difficulty quantifying
uncertainties that we are getting out of SIMMER.

As far as disassembly, tae post-disassenmil
expansion and the pure flui” dynamics in SIMMER where there
is vigorous motion, large pressure gradients, I feel very
comfortable with it.

DR. CARBJONKs What does that mean? If you carry
out ¢« calculation, are you 75 percent czonfident that it is
close?

DR. SCOTT: Oh, I would say more confident than
that. For the post-disassembly expansion sort of
calculation, I am 8% percent confident, if you want a
noaber. Within 10 or 15 percent, I think SIMMER dces a
pretty goodi job. I think we have done analysis and enough
sensitivity study and enough comparison tc real experiments

t> make a fairly gcecd case that it is doing a good Jjob.

()

2
o

T

e« CARBON: There is a last point I would like
tc ask. You feel that you have in part of that, at least,
compared it with r=2al experiments.

DRs SCIIT:s Yes, we have. wWe have spent three

ALDERSON REPURTING COMPANY, INC.
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4

years comparing it with reazl experiments. Ncw, there is one
daficiency in the 2xperiments.

DR. CAREBONs Are these real esxperinents ones that
are representative of those that would take place in a fast
reactor?

DR. SCOTT:s Sort of. To the extent that it is
possible. You have to realize that the transition phase,
espacially, is an incradibly difficult experimental regime
for the experimentalist, but these are the most prototypic
experiments which we can identify.

DR CARBON: Sure. That is the point 1 am trying
to get at, that you don't have a prototyre.

DR. SCOTT: No, we don't. We are always
extrapolating, unfortunately, to the real system from
whatever experiment.

DR. CARBON:; And that, then, is what I am trying

to get at in terms cf your confidence and your --

D

o

« SCOTT: It may be that my confidence is so
high just bzcause I have lived with SINXER and done these
calculations for s> long, but I will show you some of the
results this afternoon when we talk ab:kt fluid dynamics
verification. There is a very large hole, in my estimation,
in what we are d2ing simply because thare is noc exgerimental
data or very little experimental data when it comes to

enargy transfer axperinents, heat transfer from one material

ALDERSON REPORTING COMPANY, INC.
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to another, and than t> the surrounding structures. That is
an incredibly difficult experimental regime, and I am 3lad I
don't have to make my living experimenting in that. But it
does impede verification somewhat.

DR. CARBONs Time is flying. Unless =--

DR. MARK: Two simple guastions. We were told
that you could fix up the energy by proper attention to the
convergence technigues and time step. DG you,
simultaneously with the same attention, then get momentum
and mass conservation for free, if you likz2, for the sanme
aljustment of ccnvergence criteria and time step?

DR. SCOTT: The broad answer to that is yes. You
might not get the same degree, but you dc get =--

DR. MAEKs You have a2 degree, and you can pick and
choose == I wish to conserve mass to one percent and take
the associated departures and --

DR. SCOTTs Yes, which may be letter or worse than
one percent.

DR. ¥YARKs PBut I say you can set this and the
others then have values which you at least know.

R. SCOTT: Right, and we continually meonitor this
in SIMMER. There is a printout at the end of 2ach so-called
long print, I believe, that tells you hcw well ycu are doing
with conservatiion, mass ani energy.

DP. #*ARK:s Ckay. Ansther guestion. You said that

ALDERSON REPORTING COMPANY, INC.
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in the long-range development, you are explering advanced

fluid

-

dynamic mcdels, improved ones, and I am sure that

tWo-phase treatmesnts ar2 a part of that.

DRe SCUTT: Ye

]

DRe YARK: what did you refer to when you said you

D SCOTT:s What needs improvement in the

o
-

wers als> inprovins the neutronics? What needs improvement?
\
|

neutronics is primarily efficiency, I believe.

~
-

e 8 )

« YARKs Okay. It is not that you get the wrong

ansvers.

DR. SCO

-3

's No, I den't think we get the wrong \
|
\

answers. I think Ron Smith will show you the guality of the

’

negtronic answers we get. Cn *he other hand, cnce again I

have to point out that neutronics verification is also not

very simple, because it is difficult to get a -~

DR ¥AERK: No. And here it is improvements in

technigues 5f handling the p-oblem in two dimensions with --

DRe SCOTT: &®ith transport theory, ves.

you really have to go after the proper physics.

repeat

=

L « SCOTTs That's correct.,
DR. YARK: Thank you.

D

b2 ¥

|

\

|

|

|

|

|
DE. %ARX: Pather than the two phase problem wherTe

|

\
. vi %4 |
« CARBONe Jim, later would you go back and

|

your introduction for the recorler?

DR« SCOTTs: Sure.

ALDERSON REPORTING COMPANY, INC.
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DR. CARBON¢ I think it would be worthwhile putting

it in the transcript, the f£irst 15 minutes o: ¢hatever.

DR. CARBONs Let's proc-ed.

DR. SCOTT: All right. Do you have a question?

DR. CAMP: We have a guestion. Bill Camp from
Sandia.

Jim, with respect to this gquestion of numerical
diffusion, I would like to relate some experience we have
had at Sandia and ask you if you agree with it. We have
used several hydropoes (?) recently for experiment
analysis. They have all had the prcperty they are all
eulerian hydropoes, so they have diffusion protbtlenms.

Jne of my staff members happans to be a gcod

|

physicist seo he wouldn't take the sclution that, we'l, 1f
do it with 2nd cells, that increases the two end cells and
the answver isn't mauch different. 1In £fact, he went back and
did a lot of studies of it and found that it doesn't define
a 3204 coshi (phona2tic) sequence, as mithematicians say. In
fact, you have to go to 1 very huge number of cells with the
pcoblems with normal eulerian codes in order to get
convergence to the correct answver.

If you want back to the literature and studied
what has been done succpssfdlly around us, NRL particularly

has done a lot of good work with flux corrector techniuges,

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

20

which we are trying toc implement. Sam Thompson at Sandia
has done sone work with just bduilding in arbitrary diffusion
barriers ianto his equations.

S>> our conclusion that we are coming to is if you
have prcblems, particularcly with energy, that the only
reasonable solution, if energy diffusion is a2 problem for
you, seems to be to at least build in thes2 flux corrector
technigues rather than to say if I did it with 100 cells and
I want to 220 cells and I got the same answer, I am not
go2iang to worry.

DRe SCTTs¢ I guess I don't totally agree. we
don't have to 30 td> a huge number of cells, typically. You
saii huge. I don't know what that meanc.

DR, CAMP: We found numbers like at 10,000 cells
you were starting to preserve the shapes of pulses and
things like that.

DR SCOTT: Heavens, no. We get by with far fewer
with that and get pretty gocd agreement, decent agreement
witn experinent. Put I do0 agree that the rest way to do it
is tc have soie sort 9f numerical techniguz which reduces
diffusicon. Bob Steinke, who up until recently was in our
group, was working on 3 three-iimensicnal formulation of the
equations with reduced diffusion characteristics. I will
have to ask Ron whather that was a flux in shape or what,

what he was using to reduce diffusion. 3ut it apparently

ALDERSON REPORTING COMPANY, INC.
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worked guit

D

corrector m

what the an

D
within one

interation,

problem?

©

thirnk.

B

hres-dimensional formulation.
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R. KZRR: I it characteristic ©of the
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achanisms that they wor* yery w2ll if you know
swer is ahead of time?

Re SCOTTs Yes.

2. CATTON: On your conservation of energy to

percent, that is one percent per what? 1Is it an

ten iterations, one hundred iterations, or total

o
.
193]
O
O
-3
-3
-

What is it, Ron? Total problea, I

Re S¥ITHE: Total problem.
Re CATTON: The total?

R. SCOTT: WwWhat it amounts to is one rercent of

the total problem.

D

R SMITH: My name is Ron Samith. I am the

alternate leader of Group ¢-7, Los Alanos Scientific

La~sratory.

The work that I will summarize is mostly work

dones by pecpgle oth2r than myself. These people have

investecd much time and effort in these analyses and I would

like to acknowledg=s their esfforts.

0w

ill Bohl, who will speak later about stean

explosion analysis with SIMMER-II, was the first to

demonstrate

His work on

that transiticon phase analyses are feasible.

84}

the Clinch River Breeder Reactor, transition
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phase, was augnment2d by later calculations done by Charles
Bell, presented to the 2CES, I believe, last Cctober in
Albuguergu=.

DR, ¥YERRs Excuse me. Y¥r. Smith, since i1 some
recent iiscussions I have discovered that I am not always
certain what the speaker means by transition phase, could
you give me2 briefly what it is you m2an by the transition

phase?

<
)
.

£
=
(=
L |
? o
-
v
ey
4

could acknowledge the work with
these people first, then I will as part of my presentation
do0 that.

DR. KERRs Okay.

DR. SMITH: The 1000-megawatt study ongoing at lLos
Alamos and detailed later in this presentaticn is being
carried out by lLarcy Luck, Hunter D2Vault, Marge Asprey and
Plat Blewett. The computer codes used in these studies
require consiZerable support to keep them operational and to
improve their performance in mcdels.

Fred Parker, Victor Martinez, Pat Hodscn, Mac
Forehand ani Bodl Steinke have helpesd maintain tnese code
capabilities. The SINNER verification program, which Jim
Scott will speak about later, and the laffin (phonetic) fuel
pin model development, which will not be discussed today,
was successful through the efforts of Tom Weaner, Jim

Tompkins, Michelle Schirru and J. Chapyak.
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I hope that in my presentaticn today can
indicate to you the fine job these people have been dacing

and that th? crediit €or that fina2 job 3o0es to the people

[

doing the work.

This moraing I wish to cover four items: the
status of transition phase analysis understanding at Los
Alamos, verification of the SIMMER-II neutronics models for
transition phase analysis, an example of transition phase
calculation from the 1000-megawatt studies, and future
efforts we 2xpect to uniertake in transition phase work.

T plan to speak for about an hour and a half,
until about 10330, but feel that the first and last
subjects, transition phase status and future work, are the
most impor+ant. Therefore, please inform me when I have
about 20 minutes left to speak if I have not gotten to the
future effort.

I will cover in the transition phase analysis
status, first our approach to the transition phase analysis,
and secondly, the results we have obtained from our
mechanistic accident progressicn studies.

The first thing I will cover is in answer tec Dr.
Kerr's guestion. The transition phase came about from the
inability of calculational tcols to £follcw# mechanistically
the incocherent meltdown of an L¥FPR core £ollcwing loss of

flow accident. The initiating phase, the phase when the

ALDERSON REPCRTINC COMPANY, INC.
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sub-assembly pheonomena lends itself to 1-D treatment, does

not lead to large energetics and a subsegquent Juick

transition to multi-dimensicn fluid 4ynanmics.

Instead, it is necessary to model both intact

sub-assemblies and disrupted sub-assemblies in a transition

to> treatmenat of the entire corz as a fluid. A major concern

during this incoherent meltdown is a potential for the

mobile moltent fuel to move rapidly into a prompt critical

configur

threaten

ion and produce fuel vapor pressure which can

th2 containment and possibly release radicactive

material into the oublic environment.

that

when

Does that answer your guestion?
DR. CARBONs Yes, sir.
DR. CATTCNs Isn't it also inherent in the method

you say transition phase, you are talking about a

part icular fluid configuration, namely, droplets and vapor?

DR. S¥ITHs You are talking about the methods. I

18 am talking about what happens in the reactor.

19

20

21

24

DR. CATTON: Fine.
VOICEs 3But geometrically is he right?

DR, SMITH: I don't know if we have aver seen one,

s0 we don't know for sure.

DRs CATTON: You must have some idea what goes on

in your model, though.

MITHs In our mocdel model, it does model

v

DF e

ALDERSON REPORTING COMPANY, INC.
400 VIRGINIA AVE, S.W., WASHINGTON, D.C. 2002« (202) 554-2345



10

1"

12

13

14

15

16

17

18

19

21

24

29

droplets.

(=
o

« XERKRs Yocu guys arc confusing me. I had
thought that what he said was the transition phase is what
you have L tween the time when the assemblies are intact and
thea time wh n ycu have a fluid, and whatever happens in
between is a transition phase. It is how you treat it.

DR. CATTONs That is what Dr. Catton is

addressing, how you treat it.

do you treat it.

DR, CATTON: And I think I stated what it is. It
is drcplets and vaper.

DR. XERR: Well, it is whatever you have in
between those two situations: droplets, vapcr, pieces of
stub, whatever. I think vou migcht even have some solids.

DR. CATTON: That's true.

DRe SMITH: In my mind -- not in my model, but in
my mind, which may be represented in the model -- it is a
very complicated situation. It may be a combination of film
flow, bubbly flow, droplets, solid particles, chunks still
hanging arcund, chunks falling throug., partially molten can
walls, some still intact. The flow of material between can
walls, betw2en cans is very complicated, and the biggest
probtlem is how cao you model it and try tc understand what is

going on.
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« CATTON: But in SIMMEE you have a particular

method of doing this.

DR. CATTONs 2nd I think what would be gonod is if
you could clearly state what that method is.

DR. S¥ITH: I was going to address sort of the
philosophical approach that we are taking to incerporate
those methods but not address the specific methods in
detail. Th2 details of SI¥MEIP we have presented in the past
ACES meetings. 1 could go into them if necessary.

DR. CATTON: I guess if everybody here knows what
the approach is, it is okay. I was just asking for
clarification. I thip’ I understand.

DR. CARBONs I think you retter stick fairly
closely with the presentation plan, simply because we are
down to where your period is about an hour left. I think
you have more glanned.

DR. SIEGELs Befocre you leave that cne, one
gquestion about your last line, 2nergetics caused by
recriticalities. Is there some implicit assumption there
that that is the only origin of large energetics?

DR, SMITHs That, in ocur mind, is the major one
but it is not the 2nly one. There is also the guestion of
energetirs from fuel ccolant interactions and whether or not

you conli gat sodium intoc this molten core and have a sudden

ALDERSON REPORTING COMPANY, INC.
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vapor generation that could

to threaten a

DR SIEGEL:

(72}
.

sl

-]
n

DE.

OQur appro2ach

problem and other accident ghases,

to predict mechanistically

have indicated earlier
accident involved a lo
controlled by

What we
detail is attenmpt
major controlling

analysis tool.

discute,

Then we perform best estimate calculations,

to base assumptions on
results. Where we can
modeling uncertainties
accident.,

Finally, if

ogtcome are toc large,

through further analysis and experimental

The mzjor

handiout aad I will not

Hs Yes,

micrascopic

do insteac

chenonenmsa,

rieces

e

produce pressures large enough

containment.

You treat that guestion.

we doe.

to analyzing the transition phase

by the way, is to attempt

the course >f the accident. As I

, this is a tough prctlem because the

t of different phenomena, many
detail.

of attacking the microscopic

to surround the problem by including the

as we see it, in an integrated

Th2 major pieces are certainly subject to

but we have to start somewhera.

trying
physical intuition arnd experimental

. we evaluate the influence of

on the predictedi outcome of the
the uncertainties in the accident
the controlling models are refined
verification.
in SINNEER~T1

are included in the

attempt to go through thcse. They
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may or may not answer Dr. Catteon's guestion.

DR. CATTON: 1Is the liguid field still a droplet
fi=214d?

DR. S¥ITH¢ The liguid field is a droplet field
except in cases 2f large licuid volume fractions, and then

ve switch over to a bubbly field. We are in addition

working on putting in a film f£low model.

DR. CATTOnNs And ycu have a criterion for doing
that.

DR. SYITH: No, we do not. As I indicated
earlier, the transiticn phase is a very complicated

situation.

DR. "ATTON: I don't disagrea with that.

DRe SMITH: The problem 1s if we were in a single
component situation like you have in a light water reactor
when you are dealing with water and steam, we might be able
to come up with a fairly decent flow regime treatment,
although I anm ;u:e there would be qguite a bit of discussion
as to whethar it was right or note.

In the transiticon phase problem where you have
many components moving around, defining those flow regimes
is very difficult and I think you have to take it one step
at a time to get it there, and even at that, it is going to
be a long problem, a long time before you could do it.

DRe CATTON: Does the heat transfer include

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

DR SYITH: Nc.

The mechanistic accident progression studies that
ve have done to jate have involved loss of £flow accidents in
the Clinch Fiver Breeder Feactor design and a 1000-m-~gawvatt
design similar t> the conceptual design study reactor c¢f the
Department 2f Enersye.

The CRBR study analyzed the original homcgeneous
cor2 in which the driver sub-assembly regiun is surrounded
radially by blanket sub-assemblies. In the 100C-megawvatt
study, blanket sub-assemblies are placed between driver
regions as well as radially around the core.

%5th cores have low scdium void reactivity
coefficients.

DR« PLESSET: Let me ask a philcsophical question
because you mentioned philosophy. You just said that yvou
studied a homogenecus ccre, you studied a heterogeneous
core. Do you think you can tell the differenc: betveen them
in this kind of a sericus accident by your procedures and
raly on the ansver? D> you get my cuesticn?

DR. S¥ITHs I do not understand your guestion.

DR« PLESSET: Well, you talk about the
mechanistic accident progression study, CRBE, with a
homogeneous core, and then you talk about a 1C0C-mezawatt

eiectric study with a heterogeneous coree. Can you tell the

ALDERSON REPORTING COMPANY, INC.
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difference in the results whether ycu have homogeneous core
or heterogeneous core, in a2 meaningful vay? FPRegardless of
size, They have the saune size.

DRe S¥ITHs Oh, yes, definitely. I am going to
have to rephrase ysur suestion in my own wvords just to make
sure I understand you. You are asking, if I had a
1000-megawatt reactor and I had a homogeneous core for one
and a hetercgenecus core for the other, could I tell a
differsnce in the accident scenario? 1Is that right.

DR. PLESSETs 1I'm sure you can, but do you feel it
is mearingful, the differences you find?

DR. S¥ITHs I think yes. In the homogeneous core,
you would get into prompt criticality before you would get
to fuel motion, in the homogencous coree. In the
heterogeneous core =-=- and this is what I am going to get
into later on -- you will get into this transition phase.
In the homegenecus ccre, you d¢ not get into the transition
phase.

DE« SHEW¥“CNs: Does he .ercgenecus mean tc you
alternately mixing blanket and fuel in the fuel or varying
the enrichment, or what does heterogeneous mean?

DR S¥ITH: Alternately mixing blanket and £fuel.

DR« SHEWMON: Thank youe.

DR, SIEGELs In that particular discussion, ycur

statement that b»oth cores have relatively lovw scdium void

ALDERSON REPORTING COMPANY, INC.
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worths waulidn't apprly. They woculd have different sodium
void worths.

DR, SYITHs For the CrRBE design, which i= a
relatively -~

DR. SIFGEL: Well, the 2000-megawatt core is
hetarogeneous.

DR SMITHs That's true.

DR. CARBONs Let me rollow up Dr. Plecsset's
gquestion just briefly. You gave an indication that in
these twe cases, tie machanistic progression differed, but
wvhen you come to a final end resul: that you are working on,
you want some answer at the end, perhaps the energy release
or something.

Will you have confidence in the difference in the
tvo end results that you come out with? Will you be able to
see --

DR. SMITHs Qualitatively, yvyes. I'm not sure
exactly what ycu are searching for.

DR. CARBON: Well, presumably the purpcse in
cunning =--

DR« KERRs May I try to rephrase it? I think he
is saying suppose you find out the results are significantly
different? Do you believe it?

DRe CATTCON: Yes. PFetween the homogenecus and the

heterogeneous, calculations wich the =-

ALDERSON REPORTING COMPANY, INC.
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DRe SYITH: I guess I will have to ansver ves
againes (Cualitatively, yes, I would. I think there are a
lot of uncertainties in analyzing both cores. I think right
now that those uncertainties are fairly large and the
outcome, th2 uncactainty in the outcome is also somewhat
large. I think that reduction of the mcdeling uncertainties
is necessary t> re2iuce the uncertainty in the outcome.

DR. CARBONs: I guess I don't understand what you
said, I thought you =~

DR. PLESSETs May I just make a short comment?

The kind of thrust of my guestion was this: that you are
presumably £following a rather microscopic description cf an
accident, and my wonder is if you will ever live to get
anyvhere with this; that you should perhaps take a mor=2
glotal approach whare you don't have to answer all these
gquestions, which are legitimate, about droplet field, bubbly
field, various components and so cn.

I think that some kind of averaging or integral
methods or something I don't know about -- you should --
might get you somewhere in a finite tinme.

PR. SMITH: 1 disagree.

DR. PLESSET: Okay. That is what I wondered.

DR CARBCN: I want to go back to the guestion as
Pr. Kerr expressed it. Carrying through these two

calculations, is it meaningful to you when you come out with

ALDERSON REPORTING COMPANY, INC.
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the end result? Your answer seemed to be yes, it was, and
then you said in a gualitative way, and then you went ahead
and put som2 conditions on this, and I ended up concluding
that you really felt it was sort of meaningless. Is that
true or not?

DR, SMITHs No. I think the problem is what ve
are trying to do is to analyze the potential for threat to
containment. The uncertainties in analyses, in particular
the transition rhase analyses, indicate that we are not yet
t> a point whethar we can assess a probability of zetting
into a sufficiently high r=2activity ramp rate and energetics
to i1etermine whetha2r or not we threaten that ccntainment.

I think that we need more analysis to, in the
fir=t place, understand what our level of uncertainty is,
because the analyses Je have done so far are fairly
preliminary, and to reduce that uncertainty in the outcome
because we io not know whether ¢r not the recriticalities wve
see in transiticn phase analysic are sufficiently small not
to> threaten it.

DR. CARBON: The answer I am interpgreting in what
you are saying here is that you run these two calculations,
ani really you can't place much confidence on the difference
in the results of the twoj; that you would not reccmmend one
cor2 over the other.

DRe SMITHs This we do know. If you Jo ahead with

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

o 34

a homogeneous core as with curcent oxide designs, that you
will have a large gositive sodium void coefficient.

DR. CARBON: You will have what?

DRe SMITH: R large positive scdium void
coefficient. And when you set into scdium voiding during
the initiating phase, you will go immediately into 1it,
depending upon the size of its coefficient, into a
reactivity excursiosn, power excursion, which will nmost
likely throw molten fuel into sodium right in the middle of
the core, and ther2 you will b2 subject to some of these
other gquestions about fuel interactions and what happens
there and how much energy gets into sodium, and what happens
with that being the working fluid instead of fuel being the
working fluid. Ani again, do you penetrate or threaten the
containment.

DR. SI

t

GELs It is that gquestion and that

uncertainty that ws were facinz ten years ago. What has

(73]

come out of SI¥MEF that helps the designer make a decision?
DR. SMITH: That is what ve had hoped would happene.
DR« SIEGEL: Let's assume for a mcment there is a
penalty in doubling time to be paid from one or the other of
the two approaches, homogeneous versus heterogeneous. Can
you tell the designer now that he doesr't have to face that

penalty or he has tc face it because cf dif{erences in the

safety behavior o9f the cores?

ALDERSON REFPORTING COMPANY, INC.
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MITHS In a way your guestion is coming too

N

DR
soon. we do not understand the transition phase that well,

for one thing.

D

o

« STEGEL: £So you are saying not now, but
perhaps later.

DE. SMITH: Perhaps later, yese.

DR SIEGEL: On the other hand, we have begun to
look at som2 possible design changes with regard to getting
fuel away from the core during the transition phase, but
again, that is greliminary alscs, and certainly some
interaction would have to be done with the vandors.

DR. CARBON: Dr. Kellber.

CR. XELEER: From the point of view that I bring
to> this problem, the principal contribution that has come
from the studies to date has been to reduce the potential
for damage to the2 containment a great deal, to reduce the
potential for damage tc the primary system to some extent.
“he result is --

DR« CARBON: Excuse me. How do you reduce the
potential by these studies? I don't understand.

DR. KELBER: In all the calculations we have done,
we ostimate the potential for damage to the containment.

DR CZARBONs Did you say reduce the potential?

« KELRERs I am sorry; reduce the estimates of

=3

1!
o

the potential for damage to the containment cr damage to the
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primary systen. Jur estimates ncw show much lower
potential for damage to the containment, and cuite possibly
much loswer ostimate of potential for damage to the primary
system. You are now talking about differences of degree
between hetarogenecsus and hcmoseneous cores where everyone
involved, both the designers and the safety organizations,
have to 10 2 consilerable amount of study of the tradeoffs.

1f, for sxample, a2 homegenecus core should still
have a very low estimated potential for damage to the
primary system even though it is higher than the estiasated
potential for damage from a heterogenecus ccre, one must ask
what is the nature of the tradeoff obtained if the
heterogeneous core from a neutron ecnnomy point of view is
less beneficial.

W2 novw g=t into the zuestion of risk analysis, and
that is further down the rocad. I think this is the proper
end point of the use of such tcols as this.

DR. ¥ERR: Excuse me, Charlie. I think what we
were asking was, if one fsaund that the hetercg2neous core is
better, would one believe it, not what would cne doc. Would
it permit one with confidence to assume that such an
indicated result was sumething that a designer would take

and say, now I hav

m

got to look at cther facets of this, but
I believe that from this viewpoint, a heterogenecus core is

better.
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DE. KELB=Rsy From an ANRC peocint of view, I don't
see how we zould make such a conclusion, regardless of the
estimated precicion of the SIMMER results, without a
significantly larger experimental test progranm.

“ith respect to Dr. Plesset's question earlier as

to could we take a more integral view, I think that is a
desirable goal further down the rcade In many cases you
have to tak2 a very detailed visw of things until you
vnderstand what are the gross properties that dominate the
problem ani how 40 you represent them in an integral wvay.

I think that is a reasonable goal somewhat down
the road. 2As we complete our studies on the transition
phase over the next few years, we should, in fact, tend in
that direction.

DRE. CARBON: In the interest of time, let me stop
you there but 3o back and ask an additional guestion on the
broader aspact.

You have said, if I understand you conrrectly, that
the major contribution of SIMMER to date is tc reduce the
estimated energy releas2 and so on, the damage to the
containment. You have reduced that an appreciable amount.
How much conf: 'nc2 do ycu have in that?

DRe XFLBEE: In that I have a very high level of
confidence necause i+ does follcw from the systematic

application of the laws of physics to the problem, so that
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it is a syner Yistic effect of a highly interactive process.

Il « CARBON: Do you have enough zonfidence that
you weculd recommeni that NRC arprove a design with half the
energ, .zlease if SIMMER came cut showing half the energy
release?

Dke KELBER: The guestion is what is the factor
of conservatism that we have to put on in relationship to
the fact that we have very little direct experimental
confirmation. I would arzue for a ccnsiderably lower factor
of safety in the future than was used with respect to CRBR,
where the factcr of safety was something of the order of 100
or so. I would argue for lowering that considerably,
perhaps by as much as an order of magnitude, but not more
than that, at the present time.

DR. CARBON: I don't know your factor of safety of
100. Can you egrate that to the 1200 megajoules?

DR. X LBER:s Yes, precisely. I think the 1200
megajoules for CRBR was a figure -- by the way, as far as I
can tell, arbitrarily derived -- but it was a figure which
vas guarantezed by the choice to be large by perhaps as much
as 1 factor of 100 over the best test tools. I would argue
at the present time that we could reduce that by perhaps as
much as a factor of 10.

DR. CARBONs From 1200 of this, a factor of 10

~ -

down to 120, on the basis of SIMMER calculations.
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DR. XZlLRZRs That is correct, simply because of
the transparent relationship of what is happening in SINMER,
vhere does the 1202 co. ' from, how does it relate to the
corresponding figure ir IMMZR, which is of the order of 8l
megajoules. I think on that basis we could make a strong
argument. I would not go further than that at the present
time.

DR, CARBONs If you did that -- you cited the use
of SIYMER here =-- hew much cf the same thing could you
calculate with ejual confidence on the so-called back-ocf-the
envelope type of calculations?

DR. KELBER: Well the 1200 megajoules correspondad
not so nuch to a "back of the envelcope,” but something not
very much more complex than that. It was a systematic
isentreopic expansion of different veclume elements of the
fluid, which is a back-of-the-envelope calculation. The
housing becomes more difficult and you have to go tc a code.

DR CARBON: What I am tryingy to say, though, is
you have used SIMMER to come up with a reacticn. You could
replace SIMMER with a back-of-the-envelope =--

DR. KELBER: No. I mean the 12C0 megajocules is
vhat you get with essentially back-of-the-envelope type =--

DR. CRRBON: Eut I can't believe, though, that you
couldn't, with back-of-the-envelope type cilculation, put in

some of the in-transferred implications which which I
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believe are the major things in SIMXER that are reducing =~
IR« KELBER: Well, there were twc major sources of
reduction. Jne was the heat transfer, yes. It was knrown
from back-of-the-envelope type of calculations that this
would be a major reduction. It was not known how muche.
T™he second, which I believe is very difficult to do by any
approximate or simple-minded method, is the difference
between th2 2ynamic expansion and the isentropic expansion.
Another guestion is what are the thermodynanmic
losses involved in the actual expansion. That, I believe,
is very difficult to do in any simplified m=sthod, and that,
I believe, is something like a factor cf 2 all by itself.
Dk. CAEBON: And the heat transfer is a factor of

what?

o
@<
-

-~
m

LBERs

-4

'm not sure what that =--

DRe SCOTT: That reduces it frcem about 20

negajoules to £ mejajoules
DR« XELBRER: So it is a factor of ==
DR+ SCATTs OFf 2.7 or ==
DR KELEER:s Something of that order.
DP. SCCTT: I am talking about this in some detail
this afterncon in connection with verification.
DR. CARBON: You will? Find.
Go> ahead, Dr. Smith.

DR, S”ITH: I will get back to the transition
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phase. What you have been talking about has Leen cleser to
assembly expansicne. The treatment cf that ani the
treatment of transition phace are scmewhat different.

Cf the two cores I was talking about =-- that is
the CRBR homogeneous core and the 1000-megawatt
heterogeneous core, the low sodium void cocefficient of these
cores means that significant positive reactivity feedbacks
are not induced in the core during sodium voiding, cladding
melting and motion.

This extends the time frame of the accident, and
by the time fuel motion begins, substantial cladding
blockages have formed at both top and bottom of the
subassemblias. Incoherencies in fuel moticn among the
subassemblies due to burnup, power and powver flow yield
initial fuel motion activity ramps that are relatively
small.

They produce three things. In unktlocked
subassemblies, the moving fuel, because it does not have a
lot of pressure behind it, blocks at the ends of the
subassemblies. In blocked subasremblies, the moving fuel is
retained near the core, and the power increase coming about
from these fuel motion and reactivity increases, although
the power incr=ase is small, causes more fuel to become
molten.

Thus, more fuel becomes mobile, and as can walls
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begin to fail and motions tecome more coherent, the
reactivity ramp rate becomes larger. These cocherent
motions may develop anyhow due to the driver reacti ity and
small pover bursts, That is, even in subassemblies where
the cans have not failed, the existence or the occurrence of
reactivity ramps causes fuel to disperce, but if it can't
get out, it is going to come back and it is going to start
to tecome more coherent.

The limit to the energetics appears to be
controlled by the strength of the blockages retaining the
fuel. That is, in essence, the types 0f accident
procression we are seeing in the transition phase for both
the CRBR homogeneous core and the 1000-megawatt
haterogeneous cora.

What do we learn in these analyses? First, the
extent and strength o9f blockage development aprears to be
determinirg in the potential for recriticalities and
probably the magnitude of recriticalities. Sfeccnd, the
tight coupling between the fluid motions and the
near~-critical neutronics does not permit the development of
a steady state hoiled-up pool, at least in the early stages.

For the system to become far subcritical,
substantial fuel must be removed from the core or diluted
with poison.

DR. SHEW¥ON: Could you tell me what a tlockage

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



10

n

12

13

124

15

16

17

18

19

21

o

e
is, physically?

DRe SMITE: The blockiges that I am referring to
mainly are those which exist when the molten cladding or
molten fuel in the core region is expelled upwvard or
downward into the axial blankets and freezes and plugs.
Those are the blockages I am talking about.

DR. SHEW¥ONs Okay, thank ycu.

DR. XKERR: 1Is this ever rebound, or does it stop
up there andi blanket and still give you trouble?

NRe SMITH: It gives us trouble in that it retains
fuel in the core, although I think in some instances I have
seen some rehound i~ some of the calculations we have been
throughe.

These two points basically summarize the accident
progression, but they are still important. Incoherencies

appear to help early on, but the involvement of more and

more fuel movement leads to larger energeticse.

DR. SIEGEL: Larger than what?
DR, S¥ITH: Larger than sarlier.

DR. SIEGEL: These cores arz essentially dried of
sodium in this phase?

DR. SMITH: In the CRER calculation I Lelieve it
was mostly 32ry., yes. In the heterogeneous core, the 1000
megawatt, w2 still have a fair amcunt of sodium in some of

the inner channels, some 2f the inner subassemnblies. I
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don't believe T am going tc have time to get into a detaliled
description.

DR CATTONs What is coherent multidimensional
motion? Qr is that a silly guestion?

DR SMITH: Nc. In general, when we first go into
SIMMER, wvhen we make the transition from the SAS calculation
to the SI¥MER calculation, we are still in the
one-dimensional, multichanneled mode of doing the analysis.
SIMMEE has nodels 2f can walls and fluid motions are
basicaliyk one dimensional.

We we get to can wall melting, that allows the
fuel to start moving radially as well as axially. de see,
in particular in the CRBR calculaticn, in the can wvell melt
you don‘'t have this can separating the motions of the fuel,
and the motions ar2 somewhat independent in the 1-D
calculation., Once you get into two-dimensional, then the

fuel kind of conglomerates and moves together. It has a

chance to mix together.

DR. XERRKs That seems perfectly clear tc me, Nr.
Cattone.

ME. CATTON: I don't think I will ask ancther
gquestion about that.

(Laughtar.)
D& S”ITHFs The kay to the whole problem in the

transition phase aprears to be to get the fuel out before
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you get to high enargetics. The analyses to date have not
yielded reactivity ramp rates much greater than §$1C0 per
second. Agzain, I would like to point ocut that the analyses
to date have also teen fairly preliminary, and we are still
assessing the uncertainties

DR, XERRs M¥r. Smith, wculd you be willing to put
that last slide on?

PR. SMITHs The previous one?

DR. XERRt VYes, sir. Would you have been quite
surprised had you not learned those two things from SIMMER?
Intuitively, it seems to me, one would have expected this,
so in that sense SIYNER is corroborative. Or am I missing
something?

DRe. SFITHs VNo. I guess I am not surprised in
retrospect. I guess the one thing that surrrises me are the
repeated recriticalities, that there is not one big bang but
a bunch of =--

DR« KERRs I don't see anything about repeated
criticalities on the slide. I was asking a2bout the things
on the slide.

DR, SMITHs: Okay. Well, maybe I 4idn't put enough
on the slide. #What we see are going into prompt criticality
with low ramps early on, frcm srmall amounts cf fuel motion.
That small power burst leads tc more fuel melting and nmore

fuel becoming involved in the subsequent fuel moticns. And
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because now we have more fuel mcving, reac“ivity ramp rates
become larger next time, ths next time you go through prompt
~-citicality.

We see -- and I'm sure I'm not geing to have time
to show it, but ve see, like in the bezinning life
calculation for the 1000-megawatt core, we see a ramp rate
going into prompt -ritical of about §$10 per second, followed
by dispersal, the reactivity £falling far subcritical, and
then the fu2l motion c¢oming back together again, or coming
into more critical configuratiosn again, followed by a
reactivity ramp of abou: $30 a second, and acain dispersal
followed by one that is $100 a cecond.

DRe STEVENSON: Dre. Kerr, if I may, the thing that
ve learned that we did not necessarily expect befcre we
began the calculations was that there were relatively large
reactivity ramp rates at all. We didn't Xnow without
runn.ng the calculations but what in the transition phase
there might be n> recriticalities.

What we found were recriticalities, and I think
that is what that says.

DR. SIFGEL: Could you talk about the geometry of
these recriticalities a bit? Are they slumped cores? Are
the regions radial regions which become fueled encugh to
beccme critical?

Dke SX¥ITH: In the 1000-megawatt study, the
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separation of the driver regicns by the blankets keeps the
driver fuel basizally in the region, and it is basically
fuel slumping, at least in rthe studies we have done so far.
In the long term it may mel:. into the tlankets. It probably
will.

In the CPBER calculation this was not the case.
You got mor2 into what I referr2d to earlier as coherent
multidimensional fluid dynarics, fluid motions; and in
addition to slumping, you s=w a small burst causing fuel to
move out raiially and outward away frem the core ceater,
impacting on the surrounding structure, coming back into a
pool and coming togjether in the center of the reactor.

So they are somewhat different.

We have talked guite a bit abcut uncertainties,
and I indicated sone of our modeling uncertainties on this
slide. TIhese are what we consider to be controlling.
Mostly it has to do with blockage formation, fuel removal,
and those things that drive us into prompt criticalities,
such as fuel pin breakup and slumping, how that affects
bringing fuel together.

The last two addressed the problem of essentially
liguid=-liguid heat transfer and also loss-of-flow driven
transient overpowar, because we d0O see situations where we
still have scdium in some channels, in both the CRER and in

the 10 0-mejawatt.

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

That concludes ny discusesion on the transition
phase status. Would you indicate how muck tire I have?

DRs CARBON: Rbout a half-hour, total half-hour.’

o
0

R, KERR: Yay I ask a brief guesticn? Do you and
your colleajues who work on this very difficult prcbler, and
I agree it is an extremely complicated and difficult
problem, sit down maule about oance every six months having
made progress during that period and ask yourself if what
you are trying to do is possible?

It may sound like a facetious guestion. I don't
mean it tc. In the sense that it is s> large and it is so
coamplex, and a particular sequence of events depends very
much on what has happened before and the uncertainties in
fabrication of nev fuel, and the uncertainties of what
happens to fuel after it has bzen in operation, and the
uncertainties in motion, eventually it gets you in a
situation in whizh it would seem to me if you started off
with 100 reactors and tried to 4o an experizent beg’nning
with exactly the same initizl cond’ {ions, you can probably
ger 100 different results.

Now, if your code is clever enough toc have taken
into account everything that could possibly physically
happen to those reactors during the time of operation,
perhaps it zan predict those 1C0 different results. But it

seems to me it is worthwhile £for you to continually ask
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yourself this gjuestion.
Mr. Kelber's response to %r. Flesset was tlh=t once
you learn all you zan microscopically, then you go to a

itle that one

n

global picture. It seems to me it is pos
might find that tne microscopic approach is impossible, and
that one has to, in some sense, attempt to lump some of the
uncertainties in a global gicture.

I don't propose to know the answer to the guestion
T am asking, but do you ask yourself this question
periodically?

DR. SMITH: You ihave raised several issues in
asking the juestion. First of all -- and I don't like to
contradict Pr. ¥elber -- our approach is not guite trying to
include all microphysics in the calculaticns. &s I
indicated sarlier, we are trying to surround the problenm,
trying to include the major phenomena as we see it, trying
to see hcow that controls the accident cutcome.

where we find that the uncertainty in parcticular
phenomena 1oces controcl the accident outcome, we try to
reduce that uncertainty. It may turn out that even by
reducing it, we are still in trouble. We don't know. At
present it appears that the major thing that is getting us
into recriticality is the blockage guestion.

In ansver to your gJuestion regarding feasibility,

yes, I believe it ic feasible tc de this, but it takes a lot
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more work than what we have done. If you ask the guestion
vith respect tc is it feasible for so many dellars, I don't
know. If ysu were funded for ten years for $10 mililion a
yeac, vould vwe be able t> solve the problem? That is a
difficult guestion to answer. I do feel it is feasible to
cCome up.

The other thing is you are addressing predicting
exactly = at least this is the feeling I got =-- the
accident sejuences: if you had 1C0 reactors, would yo: be
able to predict exactly the accident seguence. I don't
think that is our 30al. I think our goal is to gain some
understanding of the transition phase and to understand what
happens, ani is there putential for getting into a situation
vhere you have very large energetics and vou do threaten
containment, and is the probability of that happening very
largje.

If we can somehow assess that probability, I think
ve will be there. I think right now w2 don't know.

DE. ¥ERRs I think we Pboth agree that one does not
predict exactly, and indeed, one may predict with
considerable inprecision. £Zut if the prediction is to be

useful, one needs to have some idea of what the inprecision

is.

CR. XERRs In that sense, I would say if the
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uncertainty cannot te quantifiesd, then one "as an uneasy
feeling about the results, it would seem td me.

DRe SMITH: Yes.

DR, STEVENSON: Dr. Kerr, that is whyvy wve do0 fairly
extensive sensitivity studies on both the unalysis of
experimants and the accident analyzis, to try to get an idea
of what the uncertainties mean in terms of the spread of the
ansvers, whatever the ansvwers might be. Ycu are asking the
guestion, or you have asked it, earlier, of what confidence
do we have in the answers. It depends on what the
uncertainty band is in these sensitivity studies. We have
simply not done the sensitivity studies for the transition
phase.

They were done for host disassembly expansion
problems. We had an idea there of what the sensitivities
vere and what the uncertainty band was. But in answver to
your guestion are we introspective and do we worry about how
ve are dsin3 thingys, is this the test way, ves, we do, a
great deal.

DR. PLESSET: I think sencsitivity studies is a
very good word, but I picture this thing, if I can use a
geometrical analogy, as a surface of 10,C00 dimensions,
roughly, vhatever. You are studying how things change 1if
ycu wander around 5n one of these surfaces a little bit. I

say there are surfaces all over the place, and you are not
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any way near them,

DR, STEVENSONs You are perhaps right in that wve
are always subject to the Juestion of have we missed
something, and it is always a valid guestion to ask. Of
course, we may always have missed something. £Zut in terms
of doing sensitivity studies, the technigues that have been
presented to most of you hefore by Pr. Bob Burns take
advantage of using statistical methods to take into account
or allow you to look at the whole surface. They are not
linear sensitivity studies but allow you to look at very

nonlinear systens.

DR, PLESSET: Is this relating to that Latin cube

I heard about at Los Alamos but never could figure out -~

DR. STEVENSON: That's richt. ©We have methods
that are more improved than that nowe. I am sure ycu would
like to hear about those.

DR. XELBEFs: I would once again like to emphasize
from my point of view that regardlasss of this method, which
I think has got high value, if we are going to go intc the
licensing of fast breeder reactors, we need a significant
experiment program which tells us that we 30 have a
reasonable understanding and that we have not missed
significant phenomena and significant interactions.

If that is the thrust behind your guestions, I

could not agree more.
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DR. CARBON: Go ahead, Dr. Smith.

93

DRe SIEGEL: Could I ask a guestiocn? You place a

great deal »f importance 2n blockages z2s having a stron

influence on the subseguent recriticality and energetics.

Is A blockage by definition material which has fallen below

the melting point? 1Is it thereafter a rigid, immobile
barrier?

DR. SMITHs Part of the uncertainty is in to
extent are things blocked; how strong is that blockage
what level of pressure or whatever is it going to take

get rid of that. It may be very strony ani it may not

what

and

to

be.

If it contains the core where originally it was located,

then we are predicting that we get into recriticalities.

DR. SIEGEL: How does the code identify what

blockage and what isn't?

is a

DR, S¥ITHs The code will freeze up fuel, and also

it has an automatic jammin: model whers if it gets too

jammed up with solid particles, it will block off the

channel. Part of what we have done in some of our analyses

has been to artificially set up the code so that it wil
produce these blockages, because the blcckages are seen
treetin (phonetic) experiments, and the code at present
currently constituted does not predict the formation of
blockages. So w2 have turned the dial to get --

DR. X

(&)

BRs Excuse me. Do you mean it is inca
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of predicting them or just doesn't predict them?

DR. SMITH: It is capable of doing it but in a
parametric fashion. What wve would like would e tc
incorporate a mcre physical model into the code, and it is
one of the things we will be working on this coming year, to
put in the proper physics in crder i2 40 a blockage. As
you probably heard, in the physics of blockage formation,
there are all sorts ¢f theories coming cut of Argon,
Brookhaven, wherever, on how freezing and melting of molten
fuel ani cladding osccurs.

Yast of the theories do not seem to be alble to
predict what happens in the experiments.

I think my time is fast drawing to a close. Let
me indicate what we are doing in the 1000-megawatt study.
First, we are trying to gain an understanding of HCDA
phenomena in what we would consider commercial reactors.
The direction seems tc be the hetercgeneous core.

Qur primary emphasis is lcoking at the transition
phase and racriticality potential. Also we are attempting
to support the Sandia accident delineatiocn study, which we
will hear about this afternoon. Another part i our
objective is to assess the accuracy of our analysis tools
and the data base.

In the 1000-megawatt study, what we intend to do

this summer is to finish preliminary calculations through
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transition phase and documsnt those analyses, and then in
the next vear investigate the effects cf the uncertainties I
indicated earlier through sensitivity anslysis.

I would like to address for about 15 minutes
future SIMMEE development. There are three areas: near-term
SIMMER-IT modifications; near-term modifications for LWR
core disruption, and longer-term considerations.

The near-term SIMYER-II modifications are being
done primarily tec support the 1000-megawvatt study and the
uncertainty analysis. We will try to use a cur.ent
framework and improve both the phenomenological models and
improve the efficiency. he 1000~-megawatt study really
provides us with an excellent testbed for trying to improve
our capabilities.

We found in the analyses that t.ere are 2ll sorts
of strange situations that cur models had not been developed
for and that we ar2 getting into, and we have to improve the
models to make them run more efficiently and to handle the
strange physical situations we jet into.

¥sdel improvements. We mentioned £freezing and
pluoging. Vaporization and condensation plays a role in the
transition phase calculations, particularly in terms of fuel
pool interactions or any sodium *lLat might be remaining in
the ccre during the transition znase.

We have already talked about additional flow
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regimes. We are concerned about the ra2lative aovement
between liguid steel and liguid fuel and the s2paration of
those twoc components because cf the pctential for getting
the fuel rejion bounded by a steel region and having a much
more critical situation, prompt critical situation, than
what we are predicting with SIMMER as it now stands.

In particular, it looks as though the transition
phase may 30 oi., may extend th2 accident ocut in time gquite a
bit, and that a'lcows,you time to get this separaticn between
fuel and steel. It is not clear that SIMXEE-II is the tool
in which to put another molded fuel treatment into, but ve
are examining the feasibility of doing this.

A fuel-pin model to handle the breakup of fuel
pins and the loss 5f flow-driven transit overpower
(phonetic) situations you might see during the transition
phase is also being considered. The design of the SIMMER-II
code may not allow that. There may be some things we can do
there. I think we certainly could put a fuel-pin model in
SIMYER-II as it exists. Thr gquestion would be whether it
would be efficient.

Efficisncy improvements are primarily in a
vaporization-condensation model, which we find takes up most
of the computer tim2 in our £flow dynamics methcds, and
neutronics overall takes guite 2 bit of computer time and we

would like to reiuce that.
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We are prerared to modify SIMNMER-II to handle LWR
core disruption in the Class 9 type of accidents that I
believe you will be hearing the program plan for on next
Wednesday. Thase represent some of the modificaticns that
would be made to the code to handle LWE core disruption
analyses.

The types of analyses that would be done with this
code would be examination of blockage formaticn and melting,
the effect of chemical reactions, looking at steanm
starvation and two-dime ..ral effects, multi-dimensional
effects that occur during an LWE core disruption.

DR. CARBONs: How extensive a problem is it to
nodify SIMMER to use for LWR?

DR. S¥ITHs I forget what we estimated. I believe
it wvas either -- was it twc man years? Two man years.

DR. SCOTTs For the entire list. You can further
break that list down intc things that have to be done
immediately and things that can wait a little bit. For
immediate modifications I believe we estimated something
like nine man months, with the balance in about 24 man
monthse.

DR S¥ITH: In the long term, I think both for the
LMFPR applications and the LWR applications, I think there
are some major vieces missing. The three-dimensional

incoherencies in the transition phase may play a very large
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role in extanding the transition phase in terms of how much
fuel becomes mobile, in terms o2f how guickly or how long, or
t> the extent that blockages developr and their stre.yth and
whether or not they melt sut tefore you get the large fuel
motions.

We feel we need a detailed field mocdel, and there
are some others that are listed there, and I am sure we
could ccme up with a few more.

The SIMMER-II framework, as I alluded to earlier,
is limited, and we probably need to develcp capabilities
beyond what we have right now. It turns out that much of
the methods that we were talking about in terms of
calculations, that we would prcbably end up extending the
time frame and we would have to have much more efficient
numerical methods than what we have presently.

I think most of what would be needed is beyond the
current state of the art, and we need further research in
developing numerical methods that allow you to 20 long-time
skill problems, conserve energy, conserve mass, before we
could ever attempt to start to integrate a lot of these
bigger pieces that I have indicated at the top of the slide.

That concludes what I have to savy.

CR. SHEWXCRK: I'm not very clear what a megajoule
consists of, or how many of them 1200 2f them is, but I have

the impression it will cause a fair amount of anguish to
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fairly substantial hunks of stainless steel. I am confused
as to how one gets enough energy to distort all that
stainless steel out of something which will be held up by a2
little bit of mushy stainless steel and a dispersion of
ucanium oxiie in your blockages.

Could you tell me why I am looking at the wrong
part of the 2lephant here, or is that sort of the stutters
that allow it tec really go off in a big bang?

¥R, SMITH: Yes, that's it right there. The
initial ramp rates we are seeing, as I indicated earlier,
ver2 in the tens of dcllars of range. That gives you fuel
pressures at 10, 20 atmospheres. The blockages we are
talking about probably would retain those, When you start
getting up into 100, 150, 200 dollars a second, then you are
starting to talk about fuel vapor pressures that will move
that, if not move the blockages out of the way, then move
the can itself out of the way.

DR. SHEWMON: Okay. It cycles a few times, and
then you get enough fuel in one spot to do yourself sonme
rzal damage.

DR, SMITHs: That's right. And the real guestion
is at what point 45 those blockages or whatever, what fuel
removal paths, at what point do they open up so you can get
the fuel away from there. If they open when yocu are in this

$100 per sezond window, which I am not sure I would count

ALDERSON REPORTING COMPANY, INC.
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on, then you micht be all right., If they delay later, it
takes more than thate.

DRe SHEEWYON: In this $10 per second window, what
fraction of the core do you see taking part? Is this
something I can hold in my hands or is it scmething as big

as a bare fraction of the core, or what?

DR. SMITH: A f2w subassemblies in the initial
parte.

DRe SIEGEL: I am losing the thread of thought
hera. Your question was if yocu are down in the lower range

of $10 a sezond ramg rates, what fraction of the core will
be retained by the supposed blockages associated with that?

DPRe SMITH: I think he was =--

DR. SHEWMCON: I was asking what was involved, but
since it is contained, your is a perfect corollary. To me
it would be the same guestion.

DR, SHEITHs The initial fuel motions involve just
a fa2v subassemblies. Now, other subassemblies may be in
some stage of disruption, cladding motions, scdium voiding;
but for these low sodium void worth cores, the subassemblies
that are involved in the initial fuel motion are just a few.

DRe SMITH: Let me bring up a1 different guestion
that I am sure was covered someplace else and so I hesitated
td ask, but tell me again what are the most common one or

tvo events that give rise to these HCDA's or initiate them?

ALDERLON REPORTING COMPANY, INC.
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DRe 3SY¥ITHs From the bdeginning? The HCDA that ve
are looking at or have been lookinz at is the loss of flow
accident. There is a loss of power to the site with
failures of ths scrams.,

DRe SHEWMON:3 So the sodium stops cecoling,

(8]

convection isn't enough to do it, and something burstse. I
that it?

DR. KEERR: In addition, you have to have lost all
the shutdown systenm.

DR. KELBER:s Could I suggest deferring that till
we hear the accident delineation talk this afternoon,
because it does adiress this gquestion?

V3JICEs I'm game.

ALDERSON REPORTING COMPANY, INC.
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DR. MARK: I thought the answer would be obvious.
Would there be any difference in the description course of, and
the results of the problem that you are dealing with pool type
sodium reactor, as compared to the sorts of things you are
looking at?

DR. SMITH: I think if the coast down to the pumps
remain the same, then the answer to your gquestion is no there

would be no difference.

DR. STEVENS: Dr. Mark, I think the differences might
well be in the response of the system to the energetics, rather
than the energetics itself. The pool and the pipe system may
respond somewhat differently, structurally.

DR. MARK: The sodium could keep flowing from all
directions, not just up and down some alleged channel.

DR. STEVENS: The core i3 still contained in a core

barrel in either case. I am not sure it really matters that

much.

DR. MARK: Well, I wasn't sure that it mattered very

much, either.

DR. KERR: I think you said the .ey parameter in

determining the energy releases of the aid of the blockages. At

the present time SIMMER does not handle the blockages very well

from first principal., You are depending on intuition and some
experiments to parametrically, I believe is the word you used.

DR. STEVENS: That's right.
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DR. KERR: Thank you.

DR. SIEGEL: With respect to your work on LWRs, what
do you foresee you will change from SIMMER, which is a signifi-
cant extension beyond vhat's available from other codes, perhaps
March?

DR. SMITH: . think what we would be aiming for in the
long run would be a mechanistic, again, description of the melt-
down of an LWR core. I think initially analyses done with
SIMMER-2 would be more to gaining an understanding of the pheno-
mena involved in that mechanistic approach, and the interactions
between them.

My understanding of the codes now is that vou do not
have this heat transfer of chemical kinetics, all of this inter-
action and the two-dimensionality that you see -- that we could

model with SIMMER.

VOICE (9): Could I comment on that? The impetus is

that we know from TMI-2 that you can pool a severely damaged core.

The question is, are there limits to the extent to which you can

cool a severely damaged core?

The assumption in March, which is the only code -- well,

there is a German code family called KESS(?) which deals with
some of these questions too =-- in all of these codes the charac-
teristic is the assumption that once you pass some point of
damage, you proceed in exerbling (phonetic) the melt. This is

a key question in accident limitation prevention. We seek a
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" better answer.

Whether we will get it from SIMMER or not is another

| question, but we do seek a better answer.

DR. CARBON: Let's take a fifteen minute break.

(Recess.)

DR. CARBON: Let's move on with the program. You're

up next, Jim?

DR. SCOTT: Yes, I am. I am Jim Scott, same address
as before.

DR. CARBON: Do you have some hand-oucs?

DR. SCOTT: Yes, I do. I'm sorry. I'm going to spend
about a half hour talking about SIMMER verification, or to
answer the question: "Why do we believe any of this, or is there
any reason to believe any of this at allz"

Before I get started, I would like to say that a very
important part of SIMMER verification should have been presented
this morning by Dr. Smith, because of time constratints, he
could not do so. I would just like to point out that we have
spent a lot of effort. I would like to take two minutes to
say that we have gone to a lot of trouble to verify neutronics
in the SIMMER code.

That verification effort is outlined in the hand-outs
which you have been given. I will just pause to conclude that
in looking at annular critical assemblies of mocking up distorted

cores, the major thing that we found in examining reactivity
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changes from nominal to distorted geometry is that it is probably
necessary to use a transport theory treatment for these highly
distorted geometries.

The diffusion theory has an unpleasant habit of under-
predicting positive reactivity insertions and overpredicting
negative reactivity insertions. We feel that it is reasonably
important, therefore, to take the approach of using transport
theory.

Should you care to hear any more about this, I'm sure
Ron Smith at the end of Bill Bohl's presentation can take eight
or ten minutes to summarize these calculations.

Okay. This morning, I would like to talk about why
should we believe any of this and how do we go about verifying
SIMMER.

Well, a long time ago, and most of you have heard this
before. We adoped a four-fold approach. What we would like to
do, of course, is compare results of SIMMER prediction to the
results of an experiment and relatively large-scale, using real
materials.

That's very expensive, and it's hard tc pursuade
people they should do that. So, we are stuck with dealing with
other than the real world and are left to extrapolate to a
cert-in extent.

Parts of the SIMMER verification program are basic

physics studies, in which we tried to compare SIMMER against

ALDERSON REPORTING COMPANY, INC.
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analytic solutions for a variety of things. I will put up a
partial list in a minute -- to see how well it does and to see
if it can, in fact, pass physics one; and at least come reason-
ably close to analytic solutions.

We have compared on a model by model basis the models
in SIMMER-2 with other models in the literature, constantly
updating that. That has lead to change of several models in
the SIMMER code.

In addition to the extent that we are able to, we

compared the results of SIMMER calculations with other codes.

I say t> the extent that we're able because there are a few other

codes that will treat extended material motion the way that
SIMMER will, so we have to compare in region overlap. Yes?

DR. CARBON: There must be several places where have
to insert models for which none exist. Is that correct?

DR. SCOTT: That is correct. That is why we have the
section U-7, called "Model Develcopment." Finally, we attempt
to verify SIMMER by comparing SIMMER to experiments and certain
thermo-physical regimes that are associated with specific acci-
dent sequences.

As an example of the types of things we do, here is
a partial list of calculations we've performed over the last
two or so years, including comparison with shock tube problems,
steady-state pressure drops, an array of things for which there

are analytic solutions.
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In every case, SIMMER does reasonably well, down to
about one deep fluid hammer. The last three items on this list
are basically experiments which have been performed. All except
one have been performed; others at Los Alamos, SRM, Purdue Univer-
sity primarily in which we look at the zbility of {IMMER to dn
fluid dynamics and interactive geometries.

I will go into that later. What we're talking about
now, as Ron stated, we haven't yet gotten in to a verification
of the transition phase calculations. We are still just looking
at fundamental verifications of fluid dynamics in the national
regime. It looks very much like both these assembly expansion (?)

Let me show you what the strategy here is. If you
look at CRBR post-disassembly expansion calculations for SIMMER,
vou will see that there is a difference between the isotropic
expansion cover gas volume, which uses about 105 megajoules and
which nominally used, I believe, during the CRBR safety review
and what SIMMER's best estimate was which was about 8 megajoules.

Unfortunately, it is difficult to ascertain that this
is correct because we can experiment on CRBR cor even systems
remotely close to being as large and having proper materials.

is fortunate that the effect, the reduction from 105 to 8
megajoules came about for two reasons.

One was purely fluid dynamic. Just the presence of
structures, themselves, presence of altered flow fields and

introduction pressure drops caused the Kinetic energy of systems
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to go from about a factor of (inaudible) from 100 to 20 megajoules{

Further reduction is due to heat transfer and energy

transfer, at least to SIMMER calculations. What we are trying to

do in this fluid dynamics verification is to verify that SIMMER

|
is, in fact, treating this part correctly. i
i

I
reduction correctly. This is a substantial improvement, a factor i
.
of five from what was previously assumed was substantial improve- !
menpt. I think we could demonstrate fluid dynamics a reascnable
advance in technology.
DR. CARBON: A question on this. I think I understand
heat trensfer effect, which I would presume is simply the fact

that you have .ome structural material. Some of the heat in

the fluid is transferred to it. It is a sync. 1It's all very
straight forward.

What, again, is the fluid dynamics of the fact in a
simple physical --

DR. SCOTT: Historically, what we did with SIMMER, we
turned it on and turned oi. all the heat transfer. What we would
get in national tropic (ph) and isotropic case. What was rather
naive of us is that we didn't even get close until we came up
with this number.

Basically, what we're seeing is that presence of struc-
tures, fuel pin bundles, fuel pins themselves, so modify the flow |

field as to cause changes in pressure drops, which are not ideal,
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which cause you to depart from isotropic expansion.

Furthermore, the flashing of the core itself 1is not

an ideal process in that all the parts of the core don't partici-

pate equally, as it turns out in the calculation, at least, as
we will se a little later in reality. There is a flashing front
that progresses through the core, which is very non-ideal, which
instead of infultessing (ph) expansion of every packet of the
core, every piece of fluid in the core.

A lot of the core doesn't even participate until the
top part of the core is essentially gone. You see a flahing
front proceeding through the core. These are basically fluid

dynamic effects. Those are major effects which we have set out

to try to verify.

DR. CARBON: Then one is simply more or less a pressure

drop?

DR. SCOTT: Yes.

DR. CARBON: One is -- the other major one is an
expanding fuel pin?

DR. SCOTT: Yes.

DR. PLESSET: Would you explain what this non-uniform
expansion is? What does that mean?

DR. SCOTT: Well, that evervthing is not expanding
simultaneously, as Dr. Carbon says, in the core.

DR. PLESSET: Are there pieces, each one expanding

isotropically, or because of --
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DR. SCOTT: No, there are not even pieces that are
expanding.

DR. PLESSET: That is not the same.

DR. SCOTT: Are not expanding really.

DR. PLESSET: Okay. So, that's the point. How is
the expansion?

DR. SCOTT: The expansion essentially proceeds -- I
can show vou a schematic of the SRI apparatus, or better yet
the PURDUE apparatus =-- a couple of pages over reputing to be
clear.

DR. PLESSET: Why it expands this way or to be clear
as to what is happening, not why it does it.

DR. SCOTT: The core is represented by pressure that's
in that apparatus. Type zero diaphrams which are located here
and here are ruptured. This high pressure core is essentially
seized atmospheric pressure against the flash.

This is an approximation what really happens in a
reactor. In the reactor, of course, your (inaudible) =--

So, that it is not quite instantaneous. It is for
practical purposes virtually constrained over the period of
burst. So, this part of the fluid -- and this came as quite a
surprise to the experimenters, as a matter of fact -- starts
to flash first on the top, and the instrument remains single

phase for a very long time. (?)

There is boiling weight that dresses backwards from
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this core. (?)

This came as quite a surprise to Dr. Theofanos. 1In

fact, he reinstrumented his core in order to ascertain that this

was really happening. It really is.

DR. PLESSET: That is a little different thing, actually
What you are saying, let me see if I understand it, is that you

are getting a lot of energy going into lightened heat. Is that

what you are saying?
DR. SCOTT: Yes. No.
DR. PLESSET: No? Not saying that?

DR. STEVENS: That is true but --

w

DR. PLESSET: That is true.
DR. STEVENS: That is not the effect.

DR. PLESSET: What is the effect?

DR. STEVENS: That pressure gradient is established in

the core.

DR. PLESSET: Yes.

DR. STEVENS: During the flashing process, whether in

the reactor phase or during the experiment phase. It simply
does not follow an isotropic expansion.

DR. PLESSET: You're suing words again.

DR. STEVENS: I know, I know. I was just telling
you -- I was saying: Yes, you're right. It is not doing i%.
I'm not giving you a right reason why.

DR. MARK: Am I at all close in mentioning that *he
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isotropic model mentioned, that red box down there is full of
gas at constant temperature and pressure. You then removed the
disphram and the gas expands, basicallvy.

What is rea-ly true is that it is a hot liquid, zero
pressure -- well, no. It's a hot liquid anyway. It has got to
convert its phase before it can really go forward and start
to move.

DR. SCOTT: That is correct. Also, the isotropic
expansion assumes that you're expanding essentially in the
absence of pressure gradient in this vessel, which you really
aren't.

DR. PLESSET: How fast does that take place?

DR. SCOTT: The boiling weicht, or =-- this particular
case, about 6 milliseconds. Pressure gradient in this core
persists to well after the head impact.

DR. PLESSET: There is also a mechanism that tends to
uniformize the pressure and in the rought form of hte speed of
sound.

DR. SCOTT: Yes, sir.

DR. PLESSET: Has that been checked that that is okay?

|
|
|
|
|
|
|
|

DR. SCOTT: Yes. During the shock tube problems, we see:

that we can, as I pointed our, we've analyzed some million (?)
two-dimensional shock tube problems; we've valued jases.
DR. PLESSET: You're talkina zbout shock tube. There,

I have strong deviation from an isotropic ray. There I get
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shocks which (illegible) =-- which is a way to get around isotropic

behavior.

Now, are we getting shocks here? E
DR. SCOTT: No, we're not. '
|
DR. PLESSET: You aren't; so =-- |
DR. SCOTT: Yes, it is different. 1It's just the ;
treatment of sonic velocity in SIMMER was tested by using
shock tubes. ;
DR. PLESSET: I am still not clear, but T -- I am
not questioning. I am just trving to see -- it's not -- shouldn't
be so complicated at what one can't give a picture of it.
DR. SCOTT: ©WNo, it shouldn't.

DR. STEVENS: There is a variety of non-equilibrium

processes going on with this. There is slip between vapor
and liquid. There is a temperature difference between vapor
and liguid in an non-equilibrium phase transition.

All these things are intermingled in this. If vou did a?
single cell gas problem with SIMMER, you could get it to fall
in isotropic expansion. It will give you an isotropic expansion
under the right conditions.

You can make approximations such that it will do an
isotrop? sxpansion, using very large inertal masses, doing a
slow expansion, and drive it toward isotropic, using only a cas,
for example, would help.

DR. PLESSET: What I am a little concerned about, I
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1 | can see reallvy -- I wan't quite telling the whole story that in

‘ 2 | this transition -- not in the sense that you were talking before,
bfmi3

3 | but right here in this experiment there wasn't isotropic. Later
i - . : .
. 4 | on when you get this gas which continues to expand, it doesn't
5 l do it much here. That will be isotropic. That's what I was

!
|
|
|
6 | wondering about.
|
|
|

7 DR. SCOTT: It will be very much closer after it

B ! gets to isotropic. :

9 i DR. PLESSET: That doesn't affect your problem. ?

10 ; DR. SCOTT: That doesn't affect the experiment. §
,

1 DR. PLESSET: Not the experiment, I mean your proktlem. |

12 § DR. SCOTT: Our problem is over. There are two series

13 | of fluid dynamic experiments that look very much like the

14 | reactior down trade. One series was done at Stanford Research
15 Institute, it has been called the SRI experiements.

16 DR. FERR: Excuse me, I missed something. I get from thé
17 | applications and the discussion that vou don't really comoletely

18 | understand the phenomena observed at PURDUE.

19 DR. SCOTT: At PURDUE, Yes, I think we do understand

300 TT71 STREET, SW. | REPORTERS BUILDING, WASHINGTON, D.C. 20024 (202) 554-2345

20 | what went on in those experiments. I will come back to talk
21 | about those in jist a second.

22 | DR. KERR: Okay.

23 DR. SCOTT: The 3SRI experiements, we presented to you

before, but I would like to just review these because thev are

25 | very central to the verification of SIMMER.

t
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The apparatus basically looks like this, .3 meter high; |

it's an acrylic vessel. All of the expansions are photographed

by high speed photography. There is a chamber down here which
contains 100 atmosphere, nitrogen gas or, I believe, it is 80
par-saturated water; the atmosphere is saturated water.

This lower passage -- this lower container is separated
from what is a 1/25th scale of CRBR structures and intornals,
by explosively driven sliding doors which open in something lile

200 microseconds.

So, that into the nitrogen gas or saturated water then
sees the pocl and begins to exrand. There are many -onfigura-
tions that can run this experiment in, and have run them at all

water. This flow can be empty, completely empty, or it can have

an upright funnel structure which represents the empty sub-
l

assemblies scaled model of the empty subassemblies of CRBR through;
which either the gas or the flashing liquid is discharcged. |

Furthermore, it can put an upper internal structureg
above the core structure, which is a scale model of the CKBR
upper internal structure. Now, the structures do play an active
role in litigating the consequence of this accident.

We should see longer tanks to head impact in these
experiments, and reduction of kinetic energy pools, which is
what SIMMER would have predicted and did predict for CRBR. Let

me show you something that I showed vou before, I believe; that

is, the comparison of the SIMMER calculation and experimental

ALDERSON REPORTING COMPANY, INC.
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With no structures present; withthe other fovrr structures
present only, the upper internal structures only, and bot}l
structures present. The top numbers are the SIMMER comouted
numbers. The bottom numbers are the experimental values.

I believe the inpact times are very very cood. These
SIMMER pins to extend artificially the time to head impact with
all structures present. SIMMER also tends to underpredict --
or over-predict, excuse me -~ tends to over-predict the impact
pressures at the head.

Now, there are a variety of reasons for this. One of
the major reasons is the real head, of course, is elastic. The
calculational model assumes that the head is methematically
rigid, under formable.

Another reason is that real experiment can get tailor
instabilities developing as the pool is accelerated toward the
head and it reached to break out into a sort of a spray which
increrased the vaporization area in the experiment, which causes
expansion (inaudible).

The consumer always treats it as 80 bag. (?)

DR. PLESSET: Y¢u don't put tailor instabil.ty =-- you

don't put it at all?

DR. SCOTT: We can't. There is a weight of apprixima-

ting tailor instabilities in SIMMER, but we don't really treat i

that wav.
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DR. STEVENS: Dr. Plesset, some neople will argque,
and I don't accept it necessarily that the numerical diffusion
process in SIMMER gives you something that looks very much like
-=- if it did, it would be fortuitous.

DR. PLESSET: We would be well off. I don't think it
does. I think it should be not too difficult to put it in. I
don't know. There is a lot of approximation to the ten parts
to gquality.(?) They are hard to handle.

DR. STEVENS: I think the numerical problems -- well,
one could put any model that would account for the effect of
tailor instabilities in terms of break-up of an interface.

It would have to be benchmarked acainst scme goocd
experiments that were relatively prototvepic of the ceometry when
we're looking at it. I don't argue with you. You can put in
a model.

You would not want to put in a model that follows the
instability process itself, I think; but something that merely
accounted for it in a parametric way.

DR. SCOTT: You can see instabilities. SIMMER will
grow instabilities if we start with the variation, for example,
in height of the pool, jsut a small variation.

Or if you pass the fluid through some structure which
flows down one part of the fluid relative to another, you can
see the stabilities form and grow. As far as verifying that

SIMMER is doing that correctly, I wouldn't want to say that ncw.
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DR. STEVENS: Los Alamos has a lot of knowledge about
instabilitie-.

(Laughter.)

DR. SCOTT: That is true.

DR. STEVENS: More than anvbody else I know.

DR. SCOTT: I think Dr. Mark may have more than we do.

DR. MARK: I 1't think that the knowledge that
annular wear-out includes (inaudible) would have tc be taken
account of here, heat transfer as effected by the interface
pattern and phase changes as affected by the heat transfer while
yvou're following the known --

(Laughter.)

DR. MARK: TKe percent of istoropic impact enerav,
the percentage is less than one because of heat loss or do you

take account of heat loss?

DR. SCOTT: This is the nitrogen expvanstion. There is,

of course, some expansion cooling in this. In general, vyour
follzwing foomr temperature nitrogen and room temperature water.
This loss is primarily due to just the throttle above the core
area of change.

That was the point that I really wanted to make with
this wvu-graph, that the percent of isotropical impact energy is
being reduced by the structures.

DR. SHEWMON: Let me point out one other thing, that

in addition to being elastic in structures, you are likelv to

ALDERSON REPORTING COMPANY, INC.
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apply this to, or even plastic. That would absolutely, not
perhaps.

That would absorb a lot more energy if it got down to
using it.

DR. SIEGEL: I guess I had a similar question. 1Is the
upper core and upper internal structures =-- are they rigid in the
experiment and the calculation?

DR. SCOTT: Well, they're rigid in the calculations.
Unfortunately, I don't believe they can possibly be rigid in the
real world.

The -- Dominic Caliostro (ph! likes to claim that
for practical purposes they are rigid, but I am not sure. As
you can see, the upper internal structure is suspended from the
top cover. That is set in this lucite container. It essentially
has a strong back across the top of it.

It has to move. I think in some of the films you can
see some slight motions on the upper internal structure, which
we don't calculate, of course.

This, I am convinced, is reasonably ready. The upper
core structure screws into the tor of this lower container, and
is probably for practical purposes is rigid. Rolls in this
apparently don't flex much.

They put string gauges on the walls, there is not much
wall flexure because they're about that thick, lucite.

All right. Having said that about the nitrogen exveri-
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bfml? ! ments, let me go on to show you the complete set of experiments

1
' 2 | we have now done with SIMMER; all the nitrogen experiments; and
3 | all the falshing water experiments. We see here the head impact
[
‘ 4 | times compared for the nitrogen experiments, various nitrogen
|
|

experiments, flashing water experiments, and the core pressure;

6 5 that's down at the bottom; below the sliding doors which is the
i only place it is convenient to measure with all those structures

= | in place as a function of time. i

9 % It must be out to about 4 milliseconds. The (inaudible)z

10 ? looks quite good, even with flashing water. I have to confess %

n that it didn't get that good in the dream(?) that using dispersed

12 flow regime that comes at the off the shell version of SIMMER.

13 f In order to get results that were this good, we had

14 ? to implement a bubbly flow model, which is one of the things ‘

15 i you learned from experiment analysis, I suppose, while you do it.

16 There is a complementary set of experiments going on

17 at Purdue University. It loocks like this. It looks very

18 | much the same. The difference is the whole thing is still 1/25th

19 J of 1/7th of the scale of CRBR. The pressures are in the range of,

|

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

t
20 | instead of 100 atmospheres, 100 and 300 psi. So, this gives

21 | 4s an opportunity to look at a larger scale and a different

. 22 | driving pressure.
23 ! This apparatus does not have fast opening doors. It
‘ 24 | has two diaphrams which were ruptured. This lower pressure

25 vessel then blows dewn into this throw-bridge, then finally up
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in the pool.

We have completed this year the first three analyses,

the first three experiments. I might say that Dr. Theofanos at
Purdue refused to give us the answers that we done in the analysis%

Stangely enough, we did not know what the answers were |
until we submitted our analysis. What we can measure best is
impact time; show you a few cases for nitrogen expansion. These
are our predicted impact time. These are the ones that are
measured by Dr. Theofanos, estimated to within a millisecond.
That's the impact time.

Over that range of pressures, I think that is very very
good agreement, to tell you the truth. This gives me considerableé
confidence of fluid dynamics treatments of SIMMER, although I ?
will have to say there is an awful lot of difference between |
flashing water and just room temperature water, and fuel and
sodium. That's a very large extrapolation, to me, but this
certainly improves, at least my confidence.

Once again, we were unable --

DR. PLESSET: I don't think vou should get carried

wy
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away by that.
(Laughter.)
I'm not as impressed as vou are over that agreement.
I think that one could calculate this without using SIMMER.
DR. SCOTT: As a matter of fact, you can.

DR. PLESSET: Yes, and get as cocod a result.
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DR. SCOTT: Up to head impact, you can calculate it
just as well analytically. What you can't do, though, is when
Theo gets around to running these with flashing water, it will
be real tough to do it by hand.

This is in your pack. Joe commented on it. It is
just further indications you really can't get by without a
bubbling flow model from SIMMER.

DR. SHEWMON: What is RP Min on your slide?

DR. SCOTT: RP Min is a parameter that one uses in
SIMMER to control this. As you know, SIMMER will break up
droplets by a variety of mechanisms. I can't remember them all

now, rubber break-up, flashing, some other -- any others?

82

Those are the two main ones. That is a constraint that

is the lower bound of what we will let drop down. Sometimes
SIMMER will stop hefore it gets there. Sometimes it will just
keep going.

This was done just to show that for any bubble size,
the off the shelf version of SIMMER can't possibly compare to
the experiment. With the bubbly flow model, we get reasonably

decent gradient.

DR. CATTON: In retrospect, do you undarstand why that

is so, or is it just fortuitous?

DR.SCOTT: No, I think in retrospect, we unaerstand

why it is so. Especially in the slow expansions, like the PURDUE

experiment, and in the absence of pressure gradient.
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As in both of these experiments, you can see that
the flow regime does make a difference. Now, if we had a large
pressure gradient across that lower core like we're like to
have with CRBR about 300 atmospheres per litre, I am not con-
vinced that the flow rating would make all that much difference.
Certainly, the momentum transfer, that's the vapori-
zation of condensation. What we're seeing, I think in the longyer
Purdue expansion and in the expansions perhaps of a pressure
gradient, that we really do have to treat the details of flow.
DR. CATTON: When vou chose to use a bubble flow model,
did you do this based on flow regime maps, were you looking at
flow refractions and flow rates and so forth; or did you just
try it?
DR. SCOTT: No, I think this model was really developed

by Oddisue Antilla (ph). ne did lonok at the literature for quite

i
1

a while before he decided. He actually tried three of four bubbly|

flow models before he found one that worked well in the SIMMER
context.

He believe that you would expect bubbly flow in these
experiments.

DR. CATTON: If you have a boilinc way of travelling
down this part of high pressure =-- or hichly superheated fluid,
I am not sure it owuld be =ubbly flow. I believe =-- didn't
Mike Rolz(ph) at Argonne take some'high speed photographs of

that phenomena?
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DR. SCOTT: Yes, he did. It looked kind of like =-=-

DR. CATTON: A mess.

DR. SCOTT: A mess, ves. It looked kind of like bubbly
at first, as the bubbles nucleated. There was a region of
bubbly flow as it progressed down and followed by churn turbulent
and dispersed as it woke up, I think, in the churn turbulent
regime.

DR. CATTON: So, there is good comparison that bubble
was fortuitous?

DR. SCOTT: Either that or a mutter of whether you use
bubbly or churn turbulent.

DR. STEVENS: In a lot of calculations, there seems to
be a tremendous insensitivity to the flow regime. In some cases
there is a sensitivity.

DR. SCOTT: Yes, the ones that of course approach
where they can get flow transitions appears to be sensitive, the
ones where it is a highly dynamic situation, we don't have time
to develop any particular issue, it appears to be insensitive.

All right. Let me draw some conclusions of =-- fluid
dynamics verification did not mention ’'.at they also did some
coolant experiments at 1000 - 2000 atmosphere range, which came
out considerably less well, until we decreased the (inaudible)

size and the timesteps.

I would say that SIMMER ploy dynamics performs very well}

compared to the experiment. Also, compared to analytic solutions

ALDERSON REPORTING COMPANY, INC.
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to, say, velocity profiles or melt points, in the 1 - 100 atmos-
phere range. the 1 - 100 atmosphere pressure range

In the 1000 - 2000 atmosphere range, you can't assume
that it is going to perform well without making some adjustments
for shocks. The most important work, I think, the stated effects
of the structures on kinetic energies that were taken by SIMMER
have been pretty much substantiated by experiment, both that

they exist and that the magnitude that this calculation is

correct.

DR. SIEGEL: How does this occur physically if the
structures are rigid? What is it that causes the dissipative

effect?

DR. SCOTT: Well, it is essentially modifying the flow
paths you have going from a very large opening in the core
regions itself, as it comes up; it engages the, say, with the
upper core structure gone, the upper internal structures. Then,
there are pipes, essentially above that; just tubes.

You have entrance losses, and pressure drops across
that that modifies the flow field to the point that you get
substantial departure from the ideal flow.

DR. SHEWMON: Now, this fluid that is flowing is some
sort of a mixture of gas particulates, which flows through the
pipes with the melting point well below that and the temperature

without heat loss or something?

DR. SCOTT: 1In the experiment? In the experiment it
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is with gas, yes-

DR. SIEGEL: You are talking aboutwhat rises --

DR. SCOTT: Yes. It's room temperature nitrogen going
through =--

DR. SHEWMON: I don't know.

DR. SCOTT: Pardon me, go ahead.

DR. SIEGEL: I was etalking about what Scott was
describing.

DR. SCOTT: We've got five minutes or so. It's been
a long time since I have shown you a film comparison between
SIMMER and SAS-3D or single =-- subsingle disruption.

DR. CATTON: Are you trying to make any comparisons
with something as simplistic as a debris beu of some kind? That
seems to me to be closer to your SIMMER modelling of a reactor
core than the experiments that you looked at.

DR, SCOTT: We did some momentum transfer experiments,

you may recall, a few years in various fluid size beads, fluidized

beads in a glass tube to lock at fluidized height and the period
of oscillation.
That was reported somewhere =-- oh, Paul Rexroth and
Oddisue Antilla (ph) reported that at the specialists meeting
on predictive technigues and experiment analy‘.is at Los Alamos.
As a matter of fact, I have, I believe, the results
of those if you would like to see them.

DR. CATTON: I don't think I want to delay this. What

ALDERSON REPORTING COMPANY, INC.
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about heat transfer?

DR. SCOTT: No heat transfer in fluidized beds.

Basically what we have here is an analytic model of single CRBR i
subassembly (inaudible) and SAS-3D. We put this through a loss '
flow as they would =--

Here is the comparison of temperatures, fuel cladding,
just prior to void initiation. It is gratifying to me to see |
that relatively crude heat transfer treatment in SIMMER still

doesn't look that bad compared to SAS-3D, SAS being the solid

line -~ is that right? No, SIMMER beinag the solid line and
SAS being the dashed line.
The practical purposes, up to void initiation the result

are identical. However, if you look 1.9 seconds after void

L SR

initiation, you see the lower fuel temperature predictions are
still pretty qgood.

As far as the cladding temperatures go, SAS is now
predicting considerably lower temperatures in the bottom of the
fuel assembly, higher temperatures in the lower actual blanket.
That is because SAS will use more chugging at the bottom of
the subassembly than SIMMER typicallvy does. That removes enerqgy
from this region and deposits it here.

SIMMER, the oscillatory nature of the sodium trying to
reenter from the bottom is most pronounced in SIMMER, However,
in spite of this, you will see that with interface location

versus time for SIMMER -- SAS-3D, vou will see that SIMMER
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generally exaggerates somewhat, but not greatly, the upward

bt.

expulsion, the sodium. It tends to be pretty much right on,

except for the aforementioned oscillations.

DR. SIEGEL: What is this you are plotting now?

DR. SCOTT: That is interface locations, sodium inter-

5 face as it is voiding from the core.

7 ” DR. CARBON: Do you mean between liquid and vapor,
8 | sodium liquid and sodium vapor-
9 DR. SCOTT: Well, this is essentially sodium liquid

10 above these lines, and below the lines with vapor in between.

L That is the position of the upper moreso than the liquid
12 interface.

|
13 4 It's a reasonably gou. agreement, except that the ;

300 TTH STREET, SW. | REPORTERS BUILDING, WASHINGTON, D.C. 20024 (202) 554 2345

14 | jifference in the cladding temperatures, we noticed in the

15 previous slide will, of course, influence cladding relocation
16 to perhaps (inaudible) to some extent. It was largely these
17 | studies that led us to try to implement an annular flow model

18 | ¢op cladding relocation SIMMER which is currently under wav.

19 |

20
21
2
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It's hard to say that the SASS treatment has been
more verified than similar treatments. But there is a logical
reason it's widely accepted.

And finally, current status of SIMMER verification.
And this is ==

DR. STEVENS: And you have checked to make sure that
SASS is not changing their treatment, so that they're going to
non=-annular flow at the same --

(Laughter)

DR. SCOTT: That's right. They are not going to non-
annular.

We would hate to chase them around all over the map;
that's right.

I believe, as far as SIMMER verification goes, we
have generated considerable confidence in (WORD UNINTELLIGIBLE)

code to our (WORD UNINTELLIGIBLE) framework; the accuracy of

the coding, I think we believe the coding is reasonably accurate

and probably very accurate., And as far as functionality goes,

what I mean is that other people besides ourselves can get it to

run and ==

(Laughter)

-- and essentially reproduce the test cases that we
send.

I believe that we should have reasocnable confidence

in the ability to calculate two-dimensional fluid dynamics, but

ALDERSON REPORTING COMPANY, INC.
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verification of the energy transfer leaves something to be

desired. And the reason it leaves something to be desired is,

P ——

test (WORDS UNINTELLIGIBLE) highly interactive (WORDS CNINTELLIGI#
|

there are few relevant experiments available against which to |
BLE) suggesting a fluidized bed might be good with energy trans- |
fer. :

But we are very fortunate in having the and SRI and E
Purdue experiments, as well as (WORDS UNINTELLIGIBLE) and a few
others, to check the fluid dynamics. We're not quite so fortu-
nate when it comes to interactive heat transfer. :

What all this says is that when you combine the two,
heat transfer and fluid dynamics, the results are not outrageous:|
they're reasonable. But there's very little way to combine the
effect of the two experimentally so we can look at them simul- F
taneously. There's very few experiments of that nature.

And I might point out, as I have before, the flashing
water and water are the greatest part of a real reactor situationi
but these are quite an extrapolation. That simply says, what
that means, we've just barely begun to start thinking on how to
verify SIMMER through the transitional phase =- which may be
very difficult, because it's an extremely hard regime to experi-
ment on.

And that concludes my remarks.

DR. SHEWMON: 8Sir, if I can take you afield once more,

as I understand it, if we were going to apply this thing to a
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reactor, what you have done is to show that the isentropic energy |
calculatinons were quite conservative. If I can come back to

the plasticity of a hunk of stainless steel, if we had a control
rcd and internal structure up there, the calculations that have
been done so far have taken no credit for the energy that would
be required to collapse this?

DR. SCOTT: That's correct. There's no strain energy
calculations in SIMMER.

DR. SHEWMON: Well, and SIMMER is t'«: most sophisti-
cated of the codes that have been applied to the problem so far,
is that it?

DR. SCOTT: Well, ves. |

DR. SHEWMON: At least with regard to that particular -;

DR. SCOTT: Well, there are other codes, such as REXCO |
ISCO (phonetic), that are developed at Argonne National Labora=-
tory, which are designed specifically to look at the structural
dynamics under these situations. What those codes cannot do, on
the other hand, is calculate the pressure versus time for the
loading pressure.

What we can do is calculate a loading history. But we
do not calculate the structural dynamics.

What we have sometimes thought of doing is providing
these codes with a PV curve that locks like what we calculate

for disassembl* (WORDS UNINTELLIGIBLE), whether there are large

changes into strain energy.
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DR. SHEWMON: Thank you.

(Pause)

|
|
|

DR. BOHL: Bill Bohl, from Los Alamos. This discussion

is somewhat of a digression. The problem addressed here concerns

a hypothetic core meltdown acc ident, pressurized in all the
reactor, similar to that existing at the Zion site in Illinois.
The question is whether the downward melting core material con-
tacting water could generate a steam explosion such that the
resulting upwarding directed fluid kinetic energy wculd not only
fill the pressure vessel but also generate a missile which would

be sufficient to £fill the containment.

|

|
|

)

The approach and scope are shown on this first Vu-graph.

Sandia vapor explosion experiments were used to calibrate a two-
dimensional version of SIMMER and to analyze the resulting steam
explosion expansion. The reactor calculations used the same
heat transfer assumptions which w2 used in the experimental
calibration. And various steam explosion expansions (WORDS UN-
INTELLIGIBLE) loading patterns would then follow, assuming the
pre-mixed interactive configurations.

The experimental geometry is shown here. The experi-
ment to be simulated was the explosion resulting from dropping
about 10 kilogrezms of iron aluminum oxide thermite into a tank
of water.

Recent tests had been done with a lucite container.

And here one can see the thermite falling through the water in

ALDERSON REPORTING COMPANY, INC.
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a film boiling mode, the detonation wave passing through the

l

mixture, and the resulting explosion.

The approximation used in SIMMER was to assume a 5
(WORD UNINTELLIGIBLE) pre-mixed region down at the bottom of
the vessel, or tank, and a two-phase liquid vapor chimney above
this pre-mixed region. ,

The key assumptions were that the pre-mixed region was |
one~tenth of a meter in radius, the vapor chimney above this
region was one-tenth meter in radius, and to obtain agreement |
with both the kinetic energy produced by the explosion and the '
rapid pressure pulse rise time, - water-(WORD UNINTELLIGIBLE)
mixture had to be assumed. About a 300-micron-particle fuel

diameter was assumed.

The fuel particle diameter is somewhat consistent with
what was found from the finds after the experiment. And overall
they have reasonable agreement with our Test 43 pressure history:.
a rapid rise to a near-critical pressure within the interaction
zone and then followed by a rapid decay.

I guess the claim is that the calibration is reason=-
able but not necessarily unique. I have a comparison here, which;
unfortunately did nct get in the handout, of the pressure pulse
rise time -~ let's see, I'm not sure how to put this thing on ==
in the calculation versus that in the experiment.

DR. KERR: You don't have a pair of scissors on vyou,

do you?

gl
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DR. BOHL: Not really. It fits on ==

DR. KERR: If you did, you could just put one right on
top of the ot.-_her.

D;. BOHL: Well, unforturately, the scale is a little
bit different, too.

(Pause)

The rapid rise of pressure pulse is terminated by the i
(WORD UNINTELLIGIBLE) around the interaction region, in other

words, the vapor chimney that's immediately adjacent to the

interaction region. And then the rapi. decay is due to f
WORD UNINTELLIGIBLE) of cold water quenching of the interaction ‘
zone.

These pressures are pressures that are observed at the
side of the tank, where the pressure transducer was flipped on
to kind of bracket.

The scale here is one-half the scale of the calculation,

The important point, I guess, to observe is that these

-

pressures go up to about 6 to 7 megapascals, and

the decay is observed over a period of 5 to 10 milliseconds.
DR. PLESSET: Do you have any way of telling how your

experiment would have gone if yvou had a different initial

ambient pressure, say, you were quite a bit higher? Because

that's what we're interested in in LWR.

DR. BOHL: The current experimental data suggests a

definite pressure effect in terms of reducing to the
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fragmentation potential for a vapor explosion. There is some
question yet as to whether there is a definite cutoff such that
at operating pressures one would observe no pot .ntial for a
steam explosion or whether, say, the so-called pressure effect
is simply due to a higher degree of difficulty in collapsing

to vapor film around a fuel part.

And I believe Sandia has an experimental program to
more definitively resolve this issue.

DR. PLESSET: But my problem is the initial water
temperature also.

DR. BOHL: Okay.

DR. PLESSET: As well as the ambient pressure.

DR. BOHL: The experimental series considered here
considered room-temperature water and heated water up to
saturated conditions. And they observed essentially no differ-
ence in the results, given the scatter of the data.

DR. PLESSET: That's not quite =--

DR. BOHL: That's not? All right, can you explicitly
elucidate your question?

DR. PLESSET: Well, all right. I have water at a
thousand psi and the water is not boiling but it's heating, it's
hot water, so that it's near the boiling point at that pressure.
Now I drop this stuff into it. Okay?

DR. BOHL: I would suspect that the magnitude of the

resulting pressure pulse would probably be reduced. However, if
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you had the conditions which we assumed of an entirely molten
core, you have so much molten fuel, like a hundred tons of it,
that the water virtually gets overwhelmed with energy, and one
can still easily see significantly upward directed fluid kinetic
energies.

I will get to that point, I guess, a little later.

We are not really trying here to model the mechanism
whereby a film boiling pre-mixed region fragments now and it
produces a steam explosion. Basically, what we're trying to
analyze is the resulting expansion.

DR. SHEWMON: You say we've got a hundred tons of
molten fuel. Tc what extent would vour results depend on the
stream shape, or the geometry of this, as it comes into the
water?

DR. BOHL: We attempted -- well, why don't I go on,
hecause --

DR. SHEWMON: All right.

DP. BOHL: == that's part of it.

DR. SHEWMON: Ckay.

DR. BOHL: We looked at a couple of configurations.

{Pause)

The first configuration assumed that a downward pro-
gression of the molten material (WORD UNINTELLIGIBLE) which will
(WORD UNINTELLIGIBLE) heat capacity effects, and hence one gets

a puddle of molten fuel. And at some point this puddle breaks
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through and you establish a region over which the core mixes with)
water. Essentially you have a pulling mode in its center. The
water is displaced up the downcomer. |
A single mode of interaction was to assume that the
heat transfer goes radially preferential -~ preferentially to
axially, such that the core brea'  through the downcomer anc
essentially mixes on the side, such that the expansion will, one,
force steam up the downcomer and, two, tends to force water into
the molten core. |
DR. SHEWMON: Did it happen to break out on all sides 5

at the same iustant?

DR. BOHL: You mean in terms of establishing an

initial mixing configuration?

DR. SHEWMON: I mean is this coming out on one side
of the core or iid you, bncause it was so convenient, assume it
a one-dimensioral problum or something and bring it out on all
sides, all the way around the circumference at the same time?

DR. BOHL: Because SIMMER is a two-dimensional code,
we have to assume azimuthal symmetry. And so in this particular
case we had to assume that it was all the way around.

DR. SHEWMON: Well, that kind of a piston effect, I
would think, would give you a lot more something, a lot more
oomph, than ==

DR. BOHL: It would tend to exaggerate the interaction.

DR, SHEWMON: Yeah. I see.

ALDERSON REPORTING COMPANY, INC.
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DR. BOHL: I guesc, to summarize the assumptions in
the analysis, we used the same heat transfer as in the experi-

mental calibration; in both our geometries we assumed a pour=-in

mode of mixing with 10 to 20 percent of the molten =ore materials|

pre-mixed with the water and steam. However, the overlying
molten core precluded formation of a vapor (WORD UNINTELLIGIBLE)
and provided a much more significant inertial constraint.

Also, in this calculation we ignored the internal
structures.

DR. SHEWMON: Now, does that inertial constraint raise
the pressure and slow down the reaction? Is that implicitly
tiring them out? And does your model bring that in?

DR. BCHL: Yes. That is one of the primary results
that one gets out of + : «ssumptions. The pressure observed
in the reactor calculation whe: you pre-mix 10 percent of the
molten fuel with the water in the mode where it's down the
center is shown on this Vu-graph. And instead of pressures that
are 6 to 7 megapascals, one gets pressures that are on the order
of, say, 200 megapascals, ignoring the single-phase pressure
spike. And these pressures tend to be maintained for a signifi-
cant amount u:i time,

As you expand, now you're entraining fuel into the
interaction, rather than entraining cold water punching the
interaction. )

So it's important, I guess, to point out that the
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inertial constraint in this situation lengthens the expansion |
time and increases the efficiency relative to experimental con-

figuration or simulation. f

Given this assumed initial configuration, upward
directed fluid fuel kinetic energies of a thousand to two thou=-
sand megajoules seem likely. We did a case where we decreased
the heat transfer by n. .e than an order of magnitude through |
increasing the particle size to millimeter-size particle sizes
rather than 300 microns. In the reactor configuraticn, this
decreases the kinetic energy only by a factor of two, due to the
time available for heat transfer. In the experimental simulation

I
|
i
|
|
|
{
|
{
v

it decreased the kinetic energy by a factor of 18, |

And better quantification of containment failure likeli%
hood should consider that core melt scqguence, the incoherence of ;
fuel dynamic loading and structural accommodation, not the non-
existence of steam explosions, if you have situations where the
core could melt down under atmospheric pressure and fall into
water that's, say, saturated under those conditions.

JR. SHEWMON: Sir, you for convenience assumed that
10 percent of the core was -- the fuel was immediately mixed
with water. If that had been 1 percent, or '/10th, of a percent,
would it have made any difference?

DR. BOHL: The 10 to 20 percent was choser on the

basis of the historical development of the problem and because

it seemed intuitively plausible.
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DR. SHEWMON: It seems to me it's intuitively plausible|

that everything has to start from zero, instead of sort of full-
| grown from the head of Zeus, as the old saying goes.
' (Laughter)

? Sc¢ can you answer, or will you answer, my question if

I shut up?

ﬁ DR, BOHL: It probably will make a difference with !
respect to the details. However, given, if one assumes, that thef
entire core is molten at the time this interaction occurs, it mayi

; be difficult to, say, avoid the result of significantly generated%
I

| fluid kinetic enorgy, simply because of the constraints on the

system,

{ DR. SHEWMON: Well, nobody believes that all of the
core is gcing to be molten. But it's a nice bounding conveniencef
for physicists. So.

i But if we forgo that for a minute, what would happen

if this dribbled out over a period of time? Would it be you

wouldn't get that piston effect that you have, or you would take

! ionger to get to that initial conAditicn, or what?
& DR. BCHL: T _.hin. ‘t's nlausible tha* you could get
the water type of system in "~ ..gn fashion. And =--

DR. SHEWMON: What does that mean? You mean you dry
out the bottom and then --
| DR. BOHL: No. I == well, I think a further program

which addressed the initial phases of the accident in a more

" ALDERSON REPORTING COMPANY, INC.
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mechanistic fashion may show that the configurations I have

assumed here are overly corservative and that if it dribbled

down that the water would leave without an appreciable ‘nter-
action or an appreciable generation of pressure.

That's certainly not an unreasonable sequence to
conceive of.

DR. SHEWMON: I guess I wasn't trying to push into
that. though it's heartening to hear, but that if I take a ladle
and pour it into a wet mold, there's a lot of activity, I grant,
but I don't -- what I was trying to get at was why you had to
assume that as your nucleating event. Is it, the model can‘t
treat the (WORDS UNINTELLIGIBLE) event, or what?

DR. STEVENS Dr. Shewmon and Bill, could I interrupt
just one second?

One reason for assuming the particular ccnfiguration
here that has some physical basis, even though it may not be
perfectly correct, is that the experiments seemed to indicate
that when you have a core of the molten thermite material into
water, that the interaction =-- the rapid interaction =-- is
triggered when the front hits the bottom of the container. So
that =-=-

DR. SHEWMON: That means the molten material --

DR. STEVENS: The molten material falls through the

water, and when it hits the bottom it tends to trigger the inter-

action. Now, this isn't observed in every case, but in most of

ALDERSON REPORTING COMPANY, INC.



the cases that is cbserved.

DR. SHEWMON: You mean before it gets to the bot'-m

there's a steam blanket and then it disperses when it hits the

bottom and that starts things, that

S | DR. STEVENS: That's =- ]

15 | plate to the bottom, ‘

e ,
§ 6 } DR, SHEWMON: == enhances the heat transfer and -- :
g 7 ; DR. STEVENS: That's the speculation. You see a very !
g 8 ; -- when the molten front hits the bottom of the container, for i
; 9 | whatever reasons, pressure pulse generated by entrapment as it
z !
§ 10 { hits the bottom or whatever, there seems to be a very rapid ‘
g n i fragmentation wave moving back up through the molten material
=z i
g 12 ? that causes extremely rapid heat transfer. |
‘ g '3 : Now, that was the particular reason in this case for .
F : |
g 14 | assuming that that intermixed region extended from the grid f
B i
z
z
s 16 ; Now, the radius of it is, obviously, open to guestion. |
7
g 17 | But the idea that it can L3 triggered very quickly is something
% 18 3 that is physically plausible, based on the experiments.
; 19 g DR. KELBER: I would like to add a comment, Phil,
] 20 é We're getting to some extent into the area of the Class 9 Acci-
|
21 i dent Committee. And of course there's a great deal of overlap
22 % here because of the work., This is an interesting application of
23 ; SIMMER to problems that are somewhat outside the scope of fast
|
24 { reactors but are of considerable interest to the safety community.
25 We did not attempt in this case to make an entire model;

i ALDERSON REPORTING COMPANY, INC.
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for example, of the steam explosion working., There will be
considerable work between the group at Los Alamos and the group
at Sandia.

It does, tc me, this work illustrates the need for
very careful consideration of how one is going to extrapolate
the work done at Sandia in the FITS experiments to the reactor
case.

Also, I think there is a point that has been brought
up that the inertial constraint by the massive core gives you a
considerable lengthening of the time scale, so that the particu-
lar details of how the mixing cccurs may not be so important as
they are in a smaller-scale experiment. That I think is im=-
portant.

Another, another point that is important is that even
if one doesn't have a significant steam explosion in the sense
that Ernie Gilby (phonetic) and others who have followed him
have discussed steam explosions, you may have so much steam
generated, just because there is a large surface area for treat-
ment of == or transfer of steam and there is a high enough
inertia that the ste2am accumulates in a constrained volume for
gquite a while, that considerable damage might be done.

For example, one might develop pressures sufficient
to rupture steam generator tubes.

These are important considerations and illustrate, I

believe, what we all know to be the case, that it is important

ALDERSON REPORTING COMPANY, INC.
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to have a useful tool to extrapolate to the case of interest, un-
less you are doing a fully prototypic experiment. And we, of
course, we are not.

DR. KERR: Did I understand you to use the term "FIT
tests"?

DR. KELBER: Those are the tests being done at Sandia.

DR. KERR: What does the acronym mean?

DR. KELBTR: Fully instrumented tests.

(Laughter, quips)

As opposed to the partially instrumented tests that
were done earlier.

(Laughter)

I can't help it == I didn't do it. I'm only reporting
the past.

(Laughter)

DR. BOHL: Okay, to conclude. We have found that

two-dimensional behavior strongly influences the loading

|
|

dynamics, If one is attempting to accelerate a shallow pool over

a considerable difference, you do not get a pis.on interaction.
The loadings tend to be biased more towards the apex.
And that increases the likelihood of large missiles, such as
presented in WASH-1400 where the entire upper head became a
missile.
Further, lower head failures appear to be likely prior

to any upper head failures, particularly after pressures that
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are calculated for the more severe interactions.

A model of a single =~ of a one-degree-of-freedom
rigid plate system under dynamic loading was analyzed by the
structural people at Los Alamos, and the lower head was found

to fail with == at four to five milliseconds for a 100 megapascal |

loading.

!
!

Finally, eventual verification of lower probability ?
fcr containment pressure and steam explosions is likely, although;
this probably cannot be technically suppcrted conclusively under
current boundaries. .

DR. CARBON: Any questions?

DR. KERR: If you were someone responsible for making
decisions about reactor or containment design, how seriously
wolld you take these results? |

They're interesting. But from what you know about
SIMMER and its adaptation to this problem --

DR. BOHL: I would think =-- .

DR. KERR: == do you think they should be used in the
decision-making process?

DR. BOHL: I would think the judgment on containment
failure from steam explcosions made in WASH=-1400 is still the
most appropriate basis to use: ten to th: minus two plus one
minus two on the exponent.

DR, CARBON: Any other questions?

DR. SHEWMON: Yeah. Just at the end vou got to talking!
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about missile generations. I assume this wasn't an elastic
calculation when they got to the failure of the bottom head.
Could you tell me anything about what they did assume about
energy absorption approcaches or what they were doing?

DR. BOHL: You're raising two possible gquestions. One
is the generation of missiles from the upper head.

DR. SHEWMON: I was always ==

DR. BOHL: And two is just the failure, the dynamics
failure ==

DR. SHEWMON: No, as I understand, the failure of the
top one was, they evaporated the retaining bolts on the head,
or made -- shipped them someplace else, and then they found
that the head could, indeed, pick up a fair amount of velocity
before it left for the containment. And that's quite plausible
if you make a silly assumption to begin with.

So what I'm trying to get at here is what assumption
was made with regard to the ability of this plate to absorb any
energy.

Now, you may still blow it out like a balloon, but if

it was -- okay, was it treated like a balloon, namely, a plastic

material, or was it treated lixe something else?

DR. STEVENS: The calculations =-- excuse me -- the
calculations were finite element, elastic plastic calculations
of the head dynamics.

DR. SHEWMON: I'm sorry =-=- of the bottom foundation.

ALDERSON REPORTING COMPANY, INC.
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~

DR. SHEWMON: Okay. Thank you.

With the retaining bolts in place?

DR. SHEWMON: Yeah.

w

|
I
.!
‘ 4 ; DR. STEVENS: Where appropriate.
|
! DR. CARBON: Let's break at this time for lunch and

reconvene at one o'clock.

|
8 i (Whereupon, at 12:00 p.m., the meeting was recessed,
i to reconvene at 1:00 p.m, this same day.)
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AFTERNOON SESSION

f
|
|
|

(1:01 p.m.)

DR. CARBON: Let us reconverne and move ahead,

Dr. Walker, will you take over?

DR. WALKER: My name is Jack Walker, and I'm manager
of Sandia's advanced reactors research programs.

During the rest of the day, we will be presenting a

status report of cur ARSR activities. Presentations will be

|
|

given by those division supervisors responsible for the technical

direction of our work.

Before we get into these more detailed presentations,
I will try to give a short summary of some program highlights.

First let me say that during the past year we have
made considerable progress in both test technology capabilities
and test results. A number of facilities are just becoming
operational which considerably expand our capabilities. These
include the large melt facility capable of UO2 melts in the
hundreds of kilogram range; the installation of the micro=-
processor into the ACRR control system, to produce prototypic

LOF and TOP heating rates; the completion of major hot cell

facilities; a new computer-based central data acquisition system;

and a facility for sodium purification and test hardware filling

and experimentation.
In the diagnostics area, both the coded aperture

imaging system and the in-core fuel motion system have been
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successfully developed and are now being integrated into the
program,

As you will see later, we view a significant improve=-
ment in diagnostics as essential for adequate understanding of
loss of flow and transient overpower phenomenology. Other

Aiagnostic-related items include major improvement in ultrasonic

thermometry, aerosol sampling, and optical fuel motion detection.

Lastly, we are designing the ACRR flowing sod.um loop
and have constructed an out-of-pile prototype. As part of the
multinational post-accident heat removal program on the ACRR, we
have designed a bottom cool capsule and have designed and con-
structed hardware for first-of-a-kind in-pile transition phase

tests, which will start later this summer.

To the degree that numbers of tests are, at least, one

indicator of progress, one can conclude that the past year has
been a - ry productive one. Of course, test gquality is a
better indicator ==~ and hopefully, that will come out in the
later talks. We have completed scme 3C to 40 major tests in
the past year, with approximately half of them being in-pile.
These in-pile tests are not the traditional large, expensive,
long lead time proof tests which are the classical in-pile test
stereotype but are, instead, closer in cost and time scheduling
to any laboratory physics experiment.

The results of these experiments are used to support

the development of models and tc understand the basic safety

ALDERSON REPORTING COMPANY, INC.
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related phenomenology.

In the next few minutes, I will highlight some program=-

matic milestones and summarize where we are and where we are
going in several projects. You will hear detail later, details
of each of these later on in today.

First, we have now finished phase one of the accident

delineation program. Several things have come out of this work.

First, we now have a cadre of staff who are experi=-

|
enced in probabililistic and risk analysis and who are intimately!

familiar with LMFBR safety issues. Our experience here has
established a good framework to review the safe4y of any
specific design which may be considered for licensing and, per-
haps more important in the current of national FBR development,
will allow us to begin to define those areas where work will
best contribute to improved safety.

Furthermore, we have reached several tentative con-
clusions regarding the increased importance of protec.ed acci-
dents in regard to total risk, as well as low lamp rate un-
protected TOPs. You will hear more about this in the rext talk
by Dr. Clauser.

In the accident energetics area, our studies focusing
on primary vessel damage due to prompt core disruption have led
us to conclude, contrary to previous assumptions, that coolant

vapor, not fuel vapor, would probably be the dominant working

fluid in a CDA.
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We are wrapping up our fresh fuel PSE == or prompt

burst energetics =-- program with experiments designed to deter- |

mine if a large-scale propagating FCI can occur in an oxide

system, and if so, under what conditions.

We will also be concentrating on extrapolating the

results of these small-scale experiments o reactor scale.

In the EOS area, we are now reasonably ccnfident that

the order-of-magnitude~higher fresh UO2 vapor pressure cbserved

for tests conducted in-pile and with electron beams over the open=

|
|

system tests done by laser heating and cover existing theories is |

representative of an actual reactor core, but probably of only

secondary safety significance.

We are wrapping this work up now and are moving on to

irradiated fuels. -

DR.

DR.

DR.

DR.

DR.

DR.

detail, Dr. Kerr, I can comment verv b

like.

DR.

that's enough.

DR.

KERR: Excuse me. Would ==

WALKER: Yes?

KERR: Would you go through that ten times ==
WALKER: Yes,

KERR: == segment?

WALKER: Well, Dr. Camp will be covering this in

3

iefly on it if you would

-

KERR: No, if he's going to cover it in detail,

WALKER: Okay.
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The results of the ACRR fuel disruption experiments
to date indicate fuel response under LOF and LOF-driven TOP
cond%tions is a ccmplex function of several parameters and
dif;ers with heating rate and, hence, accident scenario. The
current program should soon provide sufficient data to adequately
mode!l fuel disruption for use in the predictive codes. This
phenomena remains of high importance for systems with sufficient-
ly high positive void coefficient to potentially get into a LOF=-
driven TOP.

In the post-accident containment area, the coolability
of damaged core debris remains of major importance fur FBRs and
has become a primary issue for LWRS in the post-TMI environment.
The ACRR V series par (?) experiments continue to provide data
to support phenomenological understanding and modeling of the
cooling process. D4 was completed last year. D5 and D6 will
be conducted within the next few months.

Phenomenological models describing debris coolability
are currently being sophisticat¢d as a result of an ever-
increasing data base and have seen considerable use lately in
LWR Class 9 issues.

Very brieily and simplistically, we now know that
coolant dryout is probably not the ultimate coclability limit
for rubblized cores. Also, we hFave seen, contrary to what your

intuition would tell you, that debris bed overlaid by hotter

sodium is probably more coolable than thcse beds with the cooler

ALDERSON REPORTING COMPANY, INC,
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sodium,

The D series program is currently being =-=-

DR. PLESSET: If it violates our intuition you have to |
explain it.

DR. WALKER: Okay. If you would, Dr. Plesset, I would |
like to wait and let Dr. Coats discuss this =--

(Laughter)

- iﬁ conjunction with the mocdel. If I start doing it,|
it may take five minutes, and that would be his five minutes.
He's prepared to go into that.

DR. PLESSET: All right.

DR. WALKER: This is to whet your appetite.

The D series program is currently being expanded, under;
almost certain multinational sponsorship, to allow tests coveringi
a much expanded parameter space. |

As I said, Dr. Coats will discuss planning for this
expanded program along with the D4 results, which are very much
along the lines of this sodium temperature; and we have made
some recent developments in the phenomenological models, recent
improvements, and he will cover these.

Another area of current high profile is the interaction
of hot core debris ith containment and core-retention materials.
Here we have a rather extensive program and are beginning now to

develop an adequate data base in a rather limited temperature

regime around the melting point. And we have done this for all
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-26 1 | common FBR and LWR concrete types. We now have a reasonable

. |

. 2 handle on basemat penetration rates and gas and aerosol pro- i

3 ductions for this temperature range. |

' 4 ! Data is still severely limited for temperatures above i
5 ? melt, significantly above melt, and for temperatures below the 3

6 | solidus. We are also .ly now beginning to get core melt inter-
7 ;' action data for the common core-retention materials. But we |
8 ‘ believe with the program now in place that this data base will

9 ; be reasonably complete within the next couple of years.

10 These data are essential for assessment both of basemat|

11 attack and penetration as well as the determination of the

300 TTH STREET, SW. |, REP' (TERS BUILDING, WASHINGTON, D.C. 20024 (202) 554-2345

12 loading for the containment building or to mitigation systems
‘ 13 such as vented filters, which arise from the copious gases and ]
14 aerosols which are being produced by the interaction process.
15 ! So we have two things to concern ourselves with: first
16 of all, the basemat penetration; but secondly, the products of
17 ! that attack being the products which define the load to the
|
18 | containment.
19 Dr. Powers will bring you up to date on this subject

20 li in his talk.

21 Finally, in the containment area, the first version of

22 | the CONTAIN code is now operating, and we are starting to use

23 | it for studies of containment response under various accident

‘ 24 | scenarios.

3 Let me close my introduction now with i1 status report
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on some of our interactions with the foreign reactor safety :

community. ‘

Following the direction of the NRC and the encourage=-
ment from the ACRS, we are working hard to develop collabora-
tions and integrate foreign work into our program. Here I list
some of the more active programs in which we are now involved.

The ACRR debris exchange has been in existence for a E
couple of years now. Currently we have on Los Alamos and one ;
Sandia staff member assigned on-site at Caterrash. The program
is moving very slowly, and to date there have been no major 5
results to report.

We have been very suzcessful, !} wever, in developing
an active collaboration with Germany and the U.K. around the
ACRR. We currently have four separate ACRR experiment activi-
ties jointly suprorted by NRC and KFK or UKAEA. These include
the carbide fuel PVE series just being completed this month
with the final fuel PIE.

Incidentally, a German staffer now at Sandia today
participating in these a2xaminations.

The high ramp rate disassembly test series is now
halfway completed. And the equation of state and the U.K. fuel
disruption tests should be conducted sometime before the end of
the year.

We believe we are benefiting from chese joint programs

through the participation of foreign staff assigned both on-site
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to the program and to those that participate in Europe on the

program. They are conducting test planning, interpretation,

to always be our biggest need.
I mentioned earlier the pending tripartite agreement

between NRC, Euratom and PNC. This program represents the

focus of the U.S, Europe, and Japan studies on in-pile rubblized
core debris coolability. The program involves a number of first-

of-a-kind, difficult tests, but we are enthusiastic that it can

be accomplished and meet all of its objectives. And again, Dr.
Coats will cover this a little later.

Lastly, shown here, we are currently discussing the
possibility of a joint prhgram with KFK on transition phase
studies, transition phase phenomenology, using their recently
developed large melt facility. This facility, as you know, is
unique in the world, and it is just now becoming operational.

I think that will conclude my prepared presentation,
Mr. Chairman. And we can go into the detailed discussions.

I'm sorry if I only whetted your appetite, but that
was the intention of it, my introduction.

DR. CARBON: Fine. Let's move on.

DR. CLAUSER: What I'd like to describe is the acci-
dent delineation study, which has been under way for the past

few years at Sandia.- The intention is to have a comprehensive

———— . ————————————

and systematic delineation of LMFBR accident sequences. And, as |
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0=-29 1 | Dr. Walker just described, we have just recently completed phase
. 2 | one, which has largely been a qualitative delineation, and we're
3 | proceeding into the more gquantitative part, phase two. 5
‘ 4 ' Can you pick this up over r:here?
- u
g 5 ; THE REPORTER: Not too well. |
:§ 6 DR. CLAUSER: Not too well. Okay. l
-~ i l
§ 7 ; To go into a little bit more detail by way of overview,
-« | !
g 8 | again, this is a -- this is intended to be a comprehensive !
; 9 | delineation which covers the entire sequence of an LMFBR accident%
Z i
§ 10 ﬂ And we have divided it into three phases, which are somewhat {
§ 11 complete in itself: the accident initiation phase, including the |
z 12 f' engineering systems response; the accident phenomenology phase, '
. g 13 : which is basically the in-core events; and finally, the post- %
2 , |
:g 14 accident phenomenology, or containment events. And we have i
g 15 ? treated all three of these areas in some detail. |
=
;' 16 The first thing that was undertaken was to investigate
7
E 17 ’: the applicability of the event trees and fault trees that were
% 18 ! developed, for example, in WASH-1400, and try to determine how |
; 19 ! well they would apply, particularly to the latter part of the
i 20 .i accident sequence, for LMFBRs. |
2] f The initial conclusion is that they work out rather
. 22 ; well for gualitative delineation and for the guantitative
23 | delineation in the engineering systems response area. Quantita-
|
24 l tive use of the event trees for the latter part of the accident,
25 where we're presently dominated by phenomenological uncertainties,

1 ALDERSON REPORTING COMPANY, INC.



the application is still rather uncertain at this point.
The study has been initially based on CRBR, largely

because we needed details, fairly detailed information, to make

progress beyond rather superficial considerations. However, we

g 5 are now proceeding to examine alternatives both in designs and
~N i {
5 6 | various other options. On that, I'll mention one or two of f
N } |
2 7 { these activities later on. f
-
~N i
§ 8 At this point, the event trees and some fault trees
a 9 | for the engineering systems have been constructed, and in some ‘
z
= ! . : 2 |
= 10 i cases branch-point likelihoods where you have trees have been
z I 5
z 11 ; estimated. The purpose there is, first of all, to develop the
= ! |
g 12 | methodology and to delineate the plausible accident seguences.
3 : i
' § 13 § This gets back to the comprehensive, fairly comprehensive, set f
=
: : |
g 14 | of sequences have been delineated.
x 15 | The estimates of likelihood have allowed us to
g
; 16 | determine the dominant sequences and to identify the key phenom=-
" |
£ 17. ena and uncertainties in these sequences.
a ‘I
=
5 18 The eventual outcomes of this study are, iritially, to
- ;
% 19 { provide the basis for prioritizing the research, design, and
20 | development efforts that are ongoing, subsequently to provide a
I
21 | basis for assessing the relativ: safety of different components
|
' 22 | and designs, and ultimately we may be able to help establish
23 ; some of the licensing criteria that are on LMFBRs.
I 24 @ Let me summarize some of the == the present status in
25 l current activities, where we've been and where we're gcing.
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As has been mentioned, phase one has been concluded,
and a report, a final report, of this activity is in the =-- has
been drafted. It's just now concluding a peer review, technical
review at Sandia.

I might mention that the preliminary version of this,
which was -- of this report, which was put out about a year or
SO ago, was extensively reviewed by almost all elements of the
breeder reactor community, and the comments from that have been
incorporated in the present version.

This, this study, will be available, hopefully, in

about a month or two, in terms of a printed version.

Okay, as I mentioned earlier, it has been delineated =-|

the accidents have been delineated in three areas. And to my

knowledge, I might add, in the last two areas this is the first

time these have been dealt with in the detail that they are here.

Okay, the next couple of points I have covered. Fault
trees have been established and are presently being gquantified
for the engineered systems. These, I might add, are for CRBR,
because at this point that's the only system that we have enough
detail con to provide reasonable answers, reasonable estimates of
the probabilities and failure frequencies. That is ongoing.

In the accident phenomenology ond post-accident phen-
omenology areas, work is beginning tc¢ 'se mechanistic systems
codes such as those mentioned here -- SAS, SIMMER, BRENDA, SSC,

and CONTAI™ -- to study in more detail the progression of the
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accidents and try to get a better handle on how the various
branches of the event trees are followed.

The work with SAS and SIMMER has been, is ongoing at
Los Alamos. A little bit of that was mentioned this morning.
We're beginning to get into that area with Sandia staff members,
but at this point it is just beginning.

BRENDA is a code that the University c¢f Arizona has
put together, and contracts between the NRC, Unirersity of
Arizona, and Sandia have been established or are being
established to permit their work in this area.

CONTAIN -- well, SSC is only in the thinking stages
as far as the study is concerned =-- CONTAIN is at the point
where it ¢ n begin to be used. And I'll cover CONTAIN in a
separate talk at the end of this session.

Finally, we are at this point starting on a review of
alternative containment designs, basically, to review some of
the various possibilities and how they compare in terms of
their safety aspects. I won't say anything further on that
particular effort.

DR. CARBON: Let me mention to you that the Germans
are initiating a year-long probabilistic analysis study for
accidents on SNR 300, that you might wish to be in contact with.

DR. CLAUSER: Yes. As I understand it, one of their
people is in this country, at SAI, I believe. Well, we're in

process of establishing contact there, but thank vou.
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Okay, first of all, the principal result of the study
to date has been the establishment orf a comprehensive and
systematic delineation, a qualitative delineation, of the
entire sequence of an LMFBR accident. It has largely been a
organizational, information-gathering task. And the result of
this study, as I mentioned, is the final report. That final
report is approximately 800 pages' typewritten material.

Being qualitative and comprehensive, there's no way
that I can try to summarize much of the detail there, and so I
won't, won't try to go into that to any extent. I was tempted
to bring along a copy of it, but I didn't quite have room
enough in nv briefcase, and so I'll have to ask you to wait for
another couple of months. I don't think anybody is going to
lose any sleep over not being able tc read it.

But let me give you a little flavor of the -- of what
we have done here.

This shows schematically how the system is organized.
Basically, thera are three areas: accident initiation, accident
phenomenology, post-accident phenomenclogy. We start -- we
start with a series of _.“system accident initiators; and for
our purposes the reactor was divided into =-=- okay, there were
16 subsystems -- 15 is mentioned here, that's because this is a
little bit of an old Vu-graph. Since then the operator was
added as another subsystem. A generic event tree is used to

delineate the engineered systems' response; and I'll show you

ALDERSON REPORTING COMPANY, INC,
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that in a little bit. The outcome of this is the establishment

of 26 different accident categories. One of these, for example, 5
is the number that could cause a full accident; another is a
number that could be a transient overpower.
I'll go intc a little bit more detail later on.
Then, in the accident phenomenology area, these are
basically treated in four separate groups, one of which is the
protected accident -- well, set of accidents; another is the ULOF;

unprotected-loss-of-flow accident, plus about five or six other

accidents which are similar in nature, have similar phenomenology1
such as the unprotected loss of heat, say. UTOP and related
accidents: they differ primarily in the shape of the reactivity
curve. And finally, the local fault propagation accidents,
initiated by such features as a single pin failure and such like. |
Okay, as a result of the delineation in these areas =--
well, for each of these groups an event tree or series of event
trees were established, which were used with some modification
for each of these types of accidents -- the result of *+hese is
the establishment of about six different - - excuse me, four
different damage categories, differing primarily in their
severity, degree of energetics.
And then these are delineated in the post-accident
phenomenoclogy area in terms of three sets of trees, the first of
which is the primary containment event tree, considers what

happens within the primary vessel; the secondary containment
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event trees -- there are two, one for the reactor cavity area, |

such as below the operating floor, the second is for the reactor
containment building, the upper atmosphere.
DR. SHEWMON: What does "unprotected" mean in "un- |
protected-loss-of-flow accident"?
DR. CLAUSER: Okay, the -- a protected accident is one
in which SCRAM succeeds; unprotected is one in which it fails. |
A loss-of-flow accident is where there is loss of
coclant flow to the core. !
DR. SHEWMON: I have some idea what that means. But
"unprotected" in both of those means the control rods don't go
in?
DR. CLAUSER: That's right. s
DR. SHEWMON: Thank you. !
DR. CLAUSER: Okay, the next Vu-graph shows the :
engineered systems' event trese, the response of the engineered
safety systems to the actual initiators. And there is one point
that I'd like to make here, if I can. It's a point that has
be n made before, but ocne of the things that stares at you in
the Zace once you've gone through trying to establish these
evFnt trees and tried to understand what -- what the -- when
you're trying to optimize the event trees you come across this
conclusion.
It's the following.

Well, let me back up a minute. The five questions
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that we're asking here are whether detection succeeds, whether

SCRAM succeeds, whether pump trip occurs, whether the =-- whether

SHRS is available, the shutdown heat removal system, and, as part

of that but as a separate gquestion, whether forced flow is avail-

able to cool the core.

DR. CARBON: Your pump trip fits in that category from

the standpoint of preventing thermal shock? Is that why it's

there?

DR.

CLAUSER: Yes. Pump trip -- well, detection, when

detection occurs, it causes the reactor to SCRAM and the pumps

to trip; and the reason the pumps should trip is to prevent the

thermal shock, ves.

DR.

shock besides

DR.

DR.

DR.

CARBON: Trare are other ways of handling thermal
pumping == triping the pump?

CLAUSER: In CRBR that's the way it is now.
CARBON: This is specifically CRBR now?

CLAUSER: This is specifically CRBR. 1I'll leave

you to judge how generic it's really.

The point I wish to make is that there are, basically,

two routes to an unprotected-loss-of-flow accident. One 1is in

which you have an initiator which causes the lcss of Jlow and

detection fails, giving you an unprotected accident, in this case

an unprotected loss of flow. The other way in which it can

occur -- well,

it can also occur if SCRAM fails. However, if

you have another initiator which does not cause an unprotected
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loss of == which does not cause a loss of flow and vou have a
situation in which SCRAM fails but the pump trip succeeds, then
you can get an unprotected loss of flow possibly combined with
some other accident, giving you a combined accident which may be
worse than if you were -- if there had been a simple accident.

And so one of the things that comes out 2f this is the
suggestion that you can somewh~t reduce the consequences of an
accident. the risk associated with an accident, and certainly
reduce the complexity of the types of accidents that we need to
study as part of the research program, by having some sort of an
interlock mechanism to prevent the pump trip unless the SCRAM
itself succeeds.

DR. CARBON: Once again on that pump trip question and
the thermal shock, if you scrammed, a thermal shock, is it some-
thing that would have a harmful effect in a single SCRAM, or does |
it not take many of them, such that you could almost delete pump
trip from any serious accident segquence here?

DR. CLAUSER: It is my understanding that it may well
be serious after a number of such =--

DR. CARBON: Yeah, but how about after a single?

DR. CLAUSER: That I'm not sure of.

DR. CARBON: Because if it's not serious after a single|
one, you can delete it from most simple plotting.

DR. CLAUSER: Well, the point is that SCRAM == oOr you

have a reactor SCRAM not all that infrequently, and if you could
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tell in advance that it was going tc be a serious accident, then

you might arrange for the pump trip not to occur, but =--
DR. CARBON: Oh, oh, sure, but == but in terms =-- obvi-|
ously, that's not the correct thing, but == but in terms of
trying to predict serious accident?
DR. CLAUSER: I == I guess I don't -- don't know where
you're coming from. |
DR. CARBON: Maybe we'd better skip it. Go ahead. E

DR. KELBER: I think I can answer that. The CRBR |

control screen -- scheme is =-- and this is fairly common in many
systems that I have seen designed, that when the detection systemé
orders a SCRAM, it also orders a pump trip. There are independ-
ent signals which will also trip the pump, but that one, it =- :
the logic is that SCRAM signal also implies pump trip. Now, a |
SCRAM signal is not synonymous with success of SCRAM; in other
words, you can order the rods to drop but they may not drop.

DR. CARBON: 1I'm trying to say something else and it's
not getting across. Let's forget it and go ahead.

DR. KELBER: Okay.

DR. CLAUSER: Okay, at risk of giving rise to a whole
series of other questions, this morning the guestion was asked
what sorts of accidents can occur, and these are basically a
summary of the various accident categories. As I mentioned

earlier, there are about 23 separate ones, of which these

summarize. There's about five, five or six, in each of these.
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0~39 1 | The point is, for different nitiators you can have different |
| ' 1
. 2 accident categories at the end of each of these branch points. :
|
3 | One of the interesting points is that even if every- ‘
. 4 | thing succeeds, if it works =-- goes away as it should, you can
; «
§ § | still have a possible CDA, possible core disruption accident, if :
b f |
4 6 | the initiator was core damage. That's mentioned; you can read t
3 i 5
8 7| the separate part. ?
3 t ;
- 8! (Pause) :
< . .
- 9 i Let me -- there's a couple of points that I'd like to
z i i
= ) ; !
s 10} try to make with this next Vu-graph, to sort of give you a flavor|
z : |
2 11 of the way in which the study has progressed, as well as to lead |
; |
g 12 | into one of the conclusions which we have come to. 3
8 1 ;
. '5-" 13 Initially, the study of the unprotected-loss-of-flow :
- ! ‘ i
g 14 | accident was done in a homogeneous core with a fairly high void |
- ]
x :
r 15 J coefficient. At that point, the initiation phase was deemed to
-~ i
= i |
i 16 1 lead, with more or less equal probabilities, gqualitatively equal,
7 i
g 17 g into either a transition phase or an LOF-driven transient over-
- |
= !
% 18 | power, LOF'd'TOP accident, which would produce an energetic
- I
- |
% 19 | disassembly. The transition phase at that point was considered
20 H to be more likely *to result in a non-energetic meltdown. Con-
21 q sequently, this would be tne dominant risk contribution from
f
22 | this type of an accident.
23 | With the advent of a low-void-coefficient heterogeneous
|
I 24 | core, one of the purposes of which, as I understood it, was to
25 | prevent the development of a overpower and consequent disassembly|,
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was the result that you now lead more likely into a transition
phase. And the recent results, for example, from SIMMER, which
were mentioned earlier this morning, now indicate that that's
about as likely or perhaps more likely to go into an energetic
disassembly, so that this has resulted in a reorientation, partly
as a result of the different designs, in terms of what are the
dominant accident pathways. And this has some effect on how we
organize the event trees and so forth.

DR. CARBON: Are you saying that you're as likely to
have a disassembly in the heterogeneous core as in the homo-
geneous one?

DR. CLAUSER: That's the way it seems to occur. I
think that's basically the statement that Los Alamos made
earlier: you pay now or you pay later, but you pay in one of =--

DR. WALKER: I think relative probabilities, we're not
to the point where we can assign relative probabilities. But
certainly that does hit you in the face, that you may not be
improving your situation, because you're getting into trouble in
another path that has been least =-- not so well studied.

DR. KERR: Doesn't this depend rather strongly on how
far you get into the transition phase and how far you go? It is
true that you don't have this void coefficient and, therefore, 1if
anything happens there's not going to be a rapid insertion but
there is going to be a slower insertion. But that doesn't mean

that you go along exactly the same pathway, does it?
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DR. KELBER: Well, it may be a -- it may take lor ar
to get there. But I think the pnoint that was made this morning
is that the -- that assume that there is no removal of fuel via
melt-out of the blockages: then the endpoint of the transition
phase is an energetic disassembly initiated hy large-scale
coherent motions, and at that point the fuel doesn't have any
memory of whether it was originally in a heterogeneous array or
a homogeneous array.

Now, I agree that large-scale design differences,
which might, for example, involve the dilution of the material
by large amounts of blanket material, may make a significant
difference. We don't know as yet. And that may make a differ-
ence in the energy scale that's involved. But I think that's
beyond the scope of this study.

They 're addressing the likelihood of flowing down a
certain event tree.

DR. KERR: Well, whatever. I have not, at least,

understood == I won't say "heard," haven't understood -- anything

today that would make me =-- would lead me to believe that the

disassembly is just as likely to occur for one core as the other.|

DR. WALKER: That's correct. You should not.

DR. KERR: Yeah. Okay.

DR. CLAUSER: We are not trving to make at this point
any particular claims as far as probabilities.

DR. KERR: Okay.
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DR. CLAUSER: Rather, we've tried to establish dominant]

pathways as a qualitative or semi-quantitative probability, if
not a strict probability.

DR. CARBON: I thought that was just the opposite of
what I thought you said a moment ago.

DR. CLAUSER: I'm not saying detailed probability --

DR. CARBON: There's no probability to this, then?

DR. CLAUSER: Only == only guestimates, if you will,
of what is, what appears to us to be, more likely.

That's far from a detailed gquantitative probable =--

probabilities study.

DR. WALKER: What I had meant to say wa: that this is

an illustration of what can happen when one does a design change

to remove some p:th: it may, in fact, open up a design =--
another path as the more dominant path.

And in this case, if the heterogeneous core design
has been successful in removing the L.OF-driven TOP, then, in
fact, you will most certainly have opened this other path as

the most dominant path.

DR. CARBON: But, to be completely clear, there is no

probability aspect to this, .s that correct?
DR. CLAUSER: Order of magnitude estimates.

DR. CARBON: What do you mean "order of magnitude"?

That there is an order of magnitude estimate, probability, here?

DR. CLAUSER: The uncertainties are at least an order
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of magnitude in the probabilities. |
DR. CARBON: Are you saying that as far as you can
tell one is as probable as the other but there are order of
magnitude uncertainties?
DR. CLAUSER: Yeah. i
DR. CARBON: That, then, is different, I think, than E
what you == }
DR. KERR: I was not saying what they thought. I was |
talking about what I had heard -- which might be quite different

than what they had thought. And I was trying to understand if

what I heard was representative of what they thought.

At this point I don't know.

(Laughter) 5

DR. CLAUSER: The final point on this Vu-graph =-- and |
here there are even larger uncertainties -- is that there are
some qualitative similarities to what happens in the transition
phase that leads to a disassembly and to what happens in a
protected core-disruptive accident which goes through meltdown
and with considerable uncertainty, then vou go into a recritical |
pool at that point.

DR. CARBON: Finish your paragrarh.

DR. CLAUSER: Okay. Yes. The point I wish to make
is that because of these qualitative similarities in these two

areas, we feel --

DR. SIEGEL: What's a protected CDA, a loss of all
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|
| |
| |
Jo-44 | coolant: '
. 2 t DR. CLAUSER: Well, again, a protected accident is one';
l
3 t in which SCRAM succeeds. A core-disruptive accident is one
. 4 ’ which goes far enough, usually due to coolant loss or, in gen-
g 5 f eral, some loss of cooling, such that the core can melt down, :
;S’ b ! can disrupt. |
g 7 ! DR. SHEWMON: Fermi 1 a protected CDA? i
g 8 DR. CLAUSER: I'm afraid I'm not familiar with that. |
; 9 ; It wasn't a CDA but it was along that path, yes. ?
% 10 x DR. WALKER: It wasn't a core disruption if it lost {
Z ! .
g 1N : its geometi‘y. '
; 12 : DR. SHEWMON: I mean, you guys always generalize
. g 13 : things to 100 percent core melt. But that =- !
=
g 14 DR. KELBER: No, Fermi 1 was an example of an accident:
g 15 initiator which , had there been damage propagation, could have
=
:.' 16 gone to this. But, as we all know, it was far from that sink.
;-_ 17 | They did not lose cooling, et cetera. And it was a very small
= |
?7,: 18 locality. It was controlled very quickly.
§ 19 oR. KERR: The elements would lead me to say it was
20 | an unprotected accident because --
21 :: DR. KELBER: No, this was scrammed.
‘ 22 ' DR. KERR: The SCRAM system worked af.er the damage
23 , had been done. But the period in which the damage was done was
. 24 ’ one in which the reactor was operating at power.
25 DR. SHEWMON: That's richt in that respect. And so

i ALDERSON REPORTING COMPANY, INC.
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it's an unprotected loss of flow in a homogeneous core. You
ought to read about it sometime.

DR. CLAUSER: Basically, all of the accidents in here
are protected accidents. And some of them, core disruption may
occur. That I think defines to some extent the character of a
CDA.

Okay, again, the bottom line here is that as a con-
sequence of the similarity, we feel that protected accidents
may have the possibility, have the potential for having as
severe consequences as unprotected accidents. There's consider-
able uncertainty there. But that leads --

DR. CARBON: Would you repeat that statement?

DR. CLAUSER: Well, let me -- let me repeat it as part
of the next Vu-graph, if I may, because that's the point that I
wish to come to.

One of the conclusions of this part of the study, of

i1

the study to date, regards protected accidents. First of all,
we observe that protected CDAs are considerably more frequent
than unprotected CDAs, at least, in CRBR. And this is a result
that comes out of the CRBR safety studies.

As I just observed, and let me repeat it now, pro=-
tected accident consequences may be as severe as those from un-
protected accidents if you have an energetic recriticality in

a protected accident.

We're now at a point where we can estimate the

ALDERSON REPORTING COMPANY, INC.
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likelihood of that occurring in the protected accidents. There'

very considerable uncertainty to that area. :

Therefore, protected accidents may constitute a

greater risk to the public, a higher probability and possibly |

|
equal consequences. As I have emphasized, there are considerable
uncertainties in protected accident phenomenology =-- quite 1arge4
They have been relatively poorly studied. i

Therefore, one of the recommendations, along the linesé
of the charter of the study, the recommendation is to devote ;
considerably more research and development efforts to understand%

{
ing protected accidents, for the reasons outlined above.

DR. KERR: That's encouraging, because, it seems to
me, it represents clear evidence that somebody has finally read
an ACRS report.

DR. CLAUSER: This is not the first time we have
stated this =-- this conclusion, I might add. It was discussed
last fall, as I recall.

DR. WALKER: Dr. Kerr, I think ==

DR. CARBON: The remark was given two minutes and
then ignored.

DR. WALKER: We're saying you're right.

DR. CLAUSER: That we agree, ves.

DR. CARBON: A protected CDA in vour first line there

is what, a loss of heat sequence?

DR. CLAUSER: By definition, here it is any protected

ALDERSON REPORTING COMPANY, INC.
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accidents which result from core disruption.

DR. CARBON: And basically =--

DR. CLAUSER: There are a variety of things which can
lead to that, some of which are mentioned a couple of Vu-graphs
back.

DR. CARBON: But you're saying that they're more
frequent and that means you've got some numbers on them =- and
where do they come from primarily?

DR. CLAUSER: CRBR (WORDS UNINTFLLIGIBLE).

DR. CARBON: I mean what's going wrong: losing the

heat sink or what?

DR. CLAUSER: The =-- basically, you lose core cool=-

ability, in part from loss of heat sink and in part =-- it iepend#

-- there are a variety of accident initiators, and the details
of what goes on depends on the accident initiator. I don't
recall the details of which particular initiators are more
probable and so forth.

But, look, in general, anything that causes core dis-
ruption, as far as we know, has got to result from an imbalance
in the production of power versus =- or production of heat =--
versus the taking away of heat by the cooling system.

DR. CARBON: Yeah, well, if vou're protected you're
not going to increase the heat generation, are you?

DR. CLAUSER: Certainly not compared to full-power

operation, no. But there's of course the =--

ALDERSON REPORTING COMPANY. INC.
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DR. CARBON: So you're going to shut down. And if

you're going to shut down, does it not imply that you're simply
losing your heat removal capability?

DR. CLAUSER: One way or another. What -- the reason
I was being vague is because accidents occur in a number of
different ways.

For example, you may have the pumps continuing to go,
continuing to provide full circulation, you may have no loss of
ultimate heat sink, but if your initiator was some form of ~ore
damage, then one of the questions =-- which we decn't know the
answer to with certainty -- is how coolable this damaged core

38

Alternatively, you may lose the pumps and consequently |

be stuck with natural circulation.

DR. CARBON: If you have the pumps running and you
SCRAM, how do you lose core coolant (WORD UNINTELLIGIBLE)?

DR. CLAUSER: In a damaged core I don't think it's
obvious that =-- well, if the core damage causes blockages, for
example, of the coolant channels, that's one means of losing
coolability.

(Pause)

DR. CARBON: Go ahead.

DR. CLAUSER: Well, okay, the principal guestions as
we see it at this point are the guestions of core coolability

in a general sense, questions of natural convection being able

ALDERSON REPORTING COMPANY,. INC.



J00 TrH STREET, SW. | REPORTERS BUILDING, WASHINGTON, D.C. 20024 (202) 554-2345

10

1

12

13

14

15

16

17

18

19

20

2]

22

24

25

137

to cool an undamaged core or a partially damaged one, or the
coolability of the damaged core, and second of all, the question
of whether recriticality is achieved. There are several other
guestions involved. These are what we consider to be the
principal ones at this point.

Going on, one of the =- another conclusion which has
been reached at this point regards the =-- regards low ramp-rate
unprotected transient overpower accidents, which are here
defined as being less than or approximately equal to 30 cents
per second.

The situation is rather analogous to the protected
accident case in that the low ramp-rate UTOPs are rather more
frequent than high ramp ones. It's just a question of what is
likely to go wrong in the control rod area.

And again, low ramp-rate UTOPs may have consequences
comparable to high ramp UTOPs, though these have been studied
rather less and so there's considerable uncertainty in this
area.

DR. CARBON: Would you have to say, then, to be a
little more precise, that they might but it's highly unlikely?

DR. CLAUSER: I guess we don't feel that we can make
the statement that it's highly unlikely.

DR. CARBON: Well, it would seem that if you've got a
lot less excess reactivity, that it just --

DR. CLAUSER: Well, it's, as I understand the

ALDERSON REPORTING COMPANY, INC.
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situation, there is a certain analogy with this sequence here:
that is to say, the high ramp-rate UTOPs are likely to go into
a disassembly, the low ramp-rate ones are likely to go into
something resembling a transition phase (WORDS UNINTELLIGIBLE),
which, if you take this seriously, are fairly likely to go
into --

DR. CARBON: 1I'd make the same statement here as back
here, too. You said that they may =-- but wouldn't you also, if
you were trying to be as precise as possible, say they may but
it'. highly unlikely?

DR. CLAUSER: I guess we don't feel that w« can be
pinned down that much at this point, to make that precise a
statement.

DR. KELBER: If I could interject =-- I think that
this, this particular problem that is that basis for a good
deal of the DOE-UK combined program treating the PFR. They are
focusing on this type of problem. And I think this study says
that that's an appropriate focus.

I don't think that at the present time people are
prepared to make the statement on the degree of likelihcod that
one would like to be ahle to make.

DR. KERR: I was about to say that if one has an area
of ignorance, then research is indicated.

DR. KELBER: Well, I think the research has indicated

to a point where we know that there is some payoff.
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DR. CLAUSER: Okay, let me continue here. We therefor

reach a similar conclusion that, again, low ramp-rate UTOPS may

PO e R s s

constitute a greater risk to the public than high ramp-rate
UTOPs. And that qualifier should be definitely added there.
Again, the uncertainties in the low ramp-rate UTOP

phenomenology going to a transition phase are -- you know, it's

a rather large =--
Parenthetically I would comment that UTOPs as a whole

constitute a relatively small, well, I really should say, proba=-

bility, because we aren't ready to go into the risks, relatively
small part of the overall accident probability.

And again we recommend that more research effort be 5
devoted to the low ramp-rate UTOP area. And I would also commenq

|
that as part of the experimental sequence on ACRR, some 2xperi- ;
ments in this area are in the final planning stages or have been;
planned.

I would have to say that I feel that this has lower
priority overall than the protected accidents, but I think the
cost of doiny these experiments is alsn lower than the rather
large amount of research that needs to be done for protected
accidents.

Okay, a third conclusion =- I think I'm running a bit
over time, so I going to try to speed up a little bit here -- in
the area of local fault propagation accidents,- somme time was

spent delineating this area; again one noticed that the

ALDERSON REPORTING COMPANY, INC.
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|
!
|
initiators for these kinds of accidents =-- single pin failures, ;

for example, coolant channel blockages =- occur guite frequentlyi
propagation does appear rather unlikely, though again fairly ?
large uncertainties. The conclusion at this point is rather {
weak; that is to say, we do not feel that risk from these, from |
this area, from the local fault propagation accidents, do not |

feel they can yet be disregarded, though they're very likely to

be a small contribution.

Finally, then, the area of containment. Partly as a
resulc of a somewhat more quantitative estimat2 of branch-point '
probabilities, we can begin to be a little bit more guantitative(

First of all we note, again based on estimates that
have a fairly large amount of uncertainty, perhaps as much as 2
an order of magnitude uncertainty, we notice that containment |
reduces the probability of atmospheric release by, roughly, one
or two orders of magnitude, that is to say, every -- what is
roughly that? == you know, one of ten or one of two, one out of
a hundred core disruptive accidents might produce some
atmospheric release.

Containment also reduces the consequences. But we
haven't studied that part of the problem,.

However, we note that the (WORD UNINTELLIGIBLE) path,
give or take an order of magnitude, of all LMFBR CDAs may result

in a basemat failure.

We note ==

ALDERSON REPORTING COMPANY. INC.
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DR. SHEWMON: When you have that sort of a CDA, then
CDAs always lead to large core melt, which then starts sinking
down, leaving their sodium behind and working on the core at the
mat, is that it?

DR. CLAUSER: Basically vyes, because once you get a
core meltdown, a core disruptive accident, you're fairly to
breach primary containment, you're fairly certain to melt
through to the basemat.

DR. WALKER: I don't understand how you leave the
sodium behind, though. |

DR. SHEWMON: That always happens. Every time we were |
out at your place last year we always had this darn core soaking |
through the concrete and the sodium would disappear. I never
did learn where it went.

DR. VALKER: I don't think you listened to what we
were sayi - ==

DR. SHEWMON: +« I listened as hard as I could., And I
asked the question three different times. And you never answer :d
8 P

DR. WALKER: Yeah. Dana Powers will cover this. 1If
you recall, we said we were studying sodium=concrete inter-
actions and molten core-concrete interactions as separate sub-
sets to get the phenomenoclogy and then those are being in-
corporatec. to get a single phenomenology. You can come up with

scenarios wheve you had concrete and sodium interacting without
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core melt. You can come up with scenarios where you have core
melt and concrete interacting without sodium. You can also
come up with scenarios where you have the three.

We have to deal with all three of those.

DR. SHEWMON: Okay. Now, in this particular situation
do I have any coolers left in my containment? Am I refluxing
the soaium?

DR. CLAUSER: I believe not.

DR, SHEWMON: Okay.

DR. KERR: About half of all the CDAs result in base-
mat failure.

DR. CLAUSER: This conclusion, as the previous ones
are, based, basically, on CRBR, reactor containment of CRBR
plants.

DR. SHEWMON: Now, does it have core cooling or not ==
sorry, containment cooling or not?

PR. CLAUSER: It has venting. I don't believe it
has coolant. This is taken from the CRBR documentation. And
it does have the venting, which gives reason that the likelihood
of birach of the containment building is =--

DR. SHEWMON: A vent is called a breach, is that it?

DR, CLAUSER: No. What I referred to as an at-
mospheric release can consist of a, you know, gross failure of
the containment building or it can consist of as small a thing

as dirty venting, failure, or partial failure or failure of the
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Well,

to continue, then.
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1 The consaquences 2f a basemat failure are far less

severe than the failure of the ARCRs, 2nd as a consegquence

‘ 3 of this conclusion and this one, I think th.t ve would bde

4 fairly safe to say that containment itself substantially

5 mitigates or reduces the probability of a release to the

6 environment, and substantially mitigates the effects of a

7 core destructive accident.

8 With that, I will conclude.

9 4R, CARBION: Does your study depend on the CRVR

10 probabilistic analysis study. T am under the impression

1 that some people who have reviewed that do not regard it’

12 yvecy hizhly.

13 MR. CLAUSER: At this stage, we are, as I

T

. 4 nentioned earlier, g0ing through the fault-tree analysis of

’4
o
ot
]

18 CRVS. We are taking the data that they have provided
16 reports, examining to the extent that time allows. We are
17 going to a rather more systematic evaluation of the various
18 initiators, various fault-trees and so forth.

19 1 should her
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2 different from theirs. Theirs were b
21 assessmant. Ours are somewhat general delineations. So our
2 purposes ar2 somewhat different. The net result, depending
23 a bit on how availadble some of the data is, shculd be I hope
24 3 more accurate assessments of some 2f the probabilities,

- abafiern e ot e "4 L o
25 Y3, XKELBTR:; If I may interpolate here a remark
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that vas engender2d by Dr. Schuman's question earlier abocut
where the sodium has gone, and what fuels a containment. [
*hink that depending on what we do with LWE containments,
the question of how you would jrotect fast reactor
containment., if for example you want to have water cooling
systems in the containment, may be a rather interesting
combination of design and risk value impact study.

I would look forward t> such system analyses in
the next several years as the conceptual design study
matures.

¥R PICKARD: ¥Mr. Chairman, my name is Paul
Pickard. I am with the Advanced PReactor Accident Energetics
Pivision of Sandia Labs. Yy division is responsible for the
performance of the pilot experiments in the ACRP dealing
with accident enerzetics, and I would like to give you a
very brivf overview of the recent activities in our overall
program, ani descrihe a couple of the programs that we had
mentioned t5> you the last time very briefly.

Dr« Camp will de discussing, right after ny
initial remarks, some of the racent results, conclusions and
analyses that we have been doing in the accide sargetics

projrames.

T

= 4
T

purpose of the advance reactor acc. ients
energetics programs at Sandia, or course, is to provide

input for the resolution of some key issues in accident
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phenomenolojy relative to the progression of CDAs. The
ultimate ain, of course, being to try to previde a data base
to assist the potential threat from CDA to the containment.

Qur ogram has been divided into really several
phases her2. Cur fuel dynamics prograns d4deals with the
initiation phase issue, and there are two programs in this
area. One is the visual fuel disruptiosn program, and the
other one is initial accented mcoction fuel program that is
currently in the planning stage.

The work potential task within the energetics
deals with disassembly phase phenomenology. This is
comprising the prompt burst energetics capsule test. The

l test, and the new

i
r

effective eguation of the pressure cCs
core pradisgersed mixture FCI tests that are coming out.

In the transition phase in the past have done some
simulant cblaticn heat transfer experiments, and we
mentioned to you the last time bHut did not describe in any
details some transition phacse experiments in pile which deal
with fuel freeziny and streaming effects which I wuuld like
t> mention 2 littls bit mor2 about today.

In addition to these major areas ¢f chenomenclegy.,
we also supported this program with diagnostic development
efforts It is nbvicus to us that one of the keay
deficiencies in the existing test is the diagnostic,

particularly in the area 2f fuel motion that is available.
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We have been working on for the past several years now a

core Jdaptor heating system which we call CASE, trat I will

tty to describe a little later on in a little more detail
also.

N2 alsc have a much simpler scheme that has been
under development using in-core detectors, vision gamma

couples, vision chambers located in the pilot required core

modifications, which we essentially to back out time
dependent source location information with, and that is a
program which has 1 great amount of potential for

macroscopic fuel motion, but not high resolution fuel motion.,

In addition to the diagnostics development, we
have also besen workxing, as Dr. Raft mentioned earlier on
some facilities that support this vrogram, the first of
which was the ACRR operative mcdes., We were doing
experiments in fuel disruption wvork, simulated and other
~~nzh scenarios. Also, we are looking forward to fuel
motion fuel tests, and the ACCR operative modes are reguired
to perform these tests.

We also are now in the process uf deing many
irradiated fuel tests, and the hot cell facilities are
finally completed 2nough so0 that wa can bhegin to perforn
irradiated at Sandia. In additicon, we are also completing
work on the sodium support facility for the IF¥ and PRE test.

-

I am only going to give a 20-second kind of
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summary of the activities in these past--, I am going to
talk about the initial extended fuel program, and the
transition phase program. The workX potential task, and the
fuel disruption program will be discussed by Dr. Campe.

Our work potential task, proper test of
energetics, is our primary activity and here we are
attampting to look at.the combined mechanical energy source
due to coolant and fuel vapor under prompt burst
conditions. These are our single plane geometry capsule
tests. We use both 4ry and stagnant s>dium capsules. Up to
this time we have performed about 20 of these tests, 17 of
them have b2esn d4one with stagnant sodium.

We have lcoked at both UC and uranium carbide
in these tests. Sesventeen of these‘have been with fresh
U0 « The uranium carbide tests are now the subject of a

-
caflaborative program at Sandia Labs with the GCermans from
Karlsruhe laoking at the post-irradiation examination of
these pellets. That is currently in progress.

Since we talked to you last, we have also
pecrformed one additiconal experiment, Experiment 14-5 in

February which is the most energetic of the FER tests to

date. This is one program where we have at this stage lbeen
able to define kind of an "in-state®™ %> this progranm. Ne
have now defined five experiments which we believe will

suffice t¢c wrap up our capsule test in preper test of
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energetics area. These tests will examine the effects of
temperature distribution, heat losses by using hot wall
surroundings. There will be two tests in F-81 that will
look at irradiated fuels.

As part of this program, we also do fuel motion
detection t2sts. These are actually capsule tests with fuel
pins in the reactor at a shakedown test core reactor energy
system. This is coming out in August of this year.

In addition to the PBE part 5f the work potential
test, we have also initi2ted some efforts in the
fuel~-coolant interaction area. Essentially these are going
to be phenomenoclogical experiments trying to address the
guestion of whether UC sodium systems can supgport a large
scale propagating FCI.2

These experiments will use a predispersed UO
2

sodium mixture, and these will bte in pile testing reactors.

e ]

Since Dr. Cam>» is going to say more about these

(o}

pcosrams later, I will not say more about therm. 2ut they
are scheduled to begin in Cctoter.

DR. XERR: TLCescribe what is meant by a propacating
interaction?

DR, PICKARD: A propagating interactiocn, the
fuel-coolant interaction due to some triggering event in the

transfer between the mdolten or very het material and the

coolant can propajite re or less explosively at vapor
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