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discussed with our subcommittee on March 20 and 21, 19%0."

And this was part of that presentation, a.d
specifically something labeled "Evaluation Questions for
Proposed Severe Accident Programs", I went back and looked
th.s up. Ard in case it has somehow been lost, I have a
copy which can be made available to anyone who is
interested,

The questions had to do with how one might go
about evaluating a proposed research program and its
applicability to the overall NRC program,.

With that, I will turn the proceedings over to Mr.
Brian Sharon, who will introduce and guide our further
presentations.

Mr. Sharon.

[Slide.)

MR. SHARON: My name is Brian Sharon. I am
Director of the Division of Systems Research in the Office
>f Nuclear Regulatory Research., And what I’d like to talk
to you a little bit about at first before we start our
regular presentations is an overview of where we are with
the program,

[8lide.)

MR, SHARON: As Dr. Kerr said, we were down here
in April of 1990 and gave a presentaticn at that time on

where we were, and we had been down previously, I think, in
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1969 and described our revised severe accident research
progran.

The objective, if you remember, of our revised
severe accident research program was to emphasize resolution
of issues, at least one part of it was, to emphasize issues
that continue to contribute to large uncertainties in early
containment failure, since the events which failed the
containment early were the ones which appear to be driving
risk in the risk analyses.

I would point out that this approach ~- and we are
still following this approach, which is basically the
pursuit of trying to resolve the issues associated with
containment lcocads ~~ appears consistent with the ACRS
philosophy on containments, 4s was documented in your letter
of May 17th to Chairman Ke:r.

Other areas that we were emphasizing were scaling
of severe accident experiments and trying to get a better
handle on cur code development program.

[8lide. )

MR. SHARON: I wanted to put this up just to show
yoda how all of cur research programs sort of fit together
and tie together into a program which is ultimately designed
to predict containment performance and then offsite
consequences of severe accident,

The research that we do right now, the
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experiments, are all designed to validate the various codes
that you see hare, either the MELCOR code, which is
basically our workhorse which will be designed -~ you know,
should be able to take us from the initiation of the
accident all the way through, and then there are the more
detailed mechanistic codes which look at the phencmena in
more detail, and you can see the various codes here. I
wen’t go into these right now, because you’ll hear more
about them during the next day and a half.

But again, as you follow this through, you see
that ultimately we're trying to get a handle on containment
loads and the containmnent performance of the plant. 8¢ in
general, that’s really where the thrust of our program is.

[£llde.)

MR. SHARON: Now if you receall, the twoe early
containment failure issues that were identified in the
revised severe accident research program are the Mark 1
liner issue and direct containnent heating.

With regard to the Mark I liner issue -- which
you’ll hear more of as the day goes on; Dr. Eltawila has a
presentation -~ basically Professor Theofanous had completed
his report last year. We had a large peer review meeting at
Harper’s Ferry, West Virginia in July of 199%90. The results
of that identified four areas which were believed to require

further confirmatory work in order to substantiate the
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understand. What we are doing, though, is we have taken the
report, the i{nformation that is available from all the
authers, and we are putting it together as a NUREG draft for
comment, which will be issues hopefully in November, 1
believe.

The report will be provided to our contractors for
their use in developing scaling rationales On any proposec
severe accident experiments. Again, I have to emphasize
that the purpose of the report was to develop a general
methodology or a guidance and that our contractors are neid
ultimately responsible for providing the scaling analysis
that justifies the tests that the propose teo run,

With regard to codes, we have put in place a
program to peer review all cof cur major thermal hydraulic
and severe accident codes, and you will hear more about that
later. As you know, we had the MELCOR code review ~-- when
was 1it?

MR. ELTAWILA: It is completed now.

MR. SHARON: OXay, yes. That'’s completed, the
MELCOR peer review.

We have the RELAP code, which is being reviewed as
part of the CSAU analysis for the small break, and I think
the nevt one up for severe accidents is the SCDAP code.

The purpese of these peer reviews is, we want to

get a goond, independent evaluation from experts on what
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hydrogen distribution in the German is very important.

For the American designs, we have a spray system.
We have a fail system. And we rely on them on mixing in the
containment. And that’s why the Germans consider hydrogenh
to be a very important issue, and we consider hydrogen to be
important, but not as important as it is for the German
design.

MR. CATION: Do you have something that deals with
this issue that I could read? And I hear the word "mixing",
but 1‘’d like to see something more substantive.

MR. ELTAWILA: Do we have -=

MR. SHARON: Why don’t you let see if there’s
gcmething that we can provide you on this?

MR, CATTON: All right,

MR. SHARON: And I agree. One could put hydrogen
here somewhere, I think, okay. I was sort of under the
impression that it was inciuded in the DCH. I think you're
saying that there nmay be =--

MR. CATTON: Well, there are cases where there may
by no DUH if the hydrogen .s still a problem.

MR. SHARCN: Yes, okay, I agree. We could
pr ably add that in here.

The last bullet here, right now the focus eof our
remaining efforts in the sev -e accident research is on the

in-vessel core melt phenomena. Right now, as you know, this
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in kind of a tough area, the whole in-vessel core melt,

The early phase, as you know, we’ve done a lect of
testing on it and the like. The latter phases of it, when
you start forming crucibles and having melt ielocate tn the
lower head, there's not a lot cof data available at all, and
it s certainly not a process that’s easily amerabie to
experiments

We had some experiments that were defined, the MP
series tests and the Ex Reactor tests, Before we went
forward -- these were expensive tests ~-- and befure we went
forward, I had asked to have them peer reviewed. That
process is underway right now. We’re getting back some
compments from our consultants, and vou’l. hear more about
that later.

MR. KiESS: Brian, before you leave that slide, I
know how you know when something like cor2 concrete
interaction is completed. That’s when you quit,

How do you know when you’ve done enough research?
Do you have a criteria to say that this is enough; we can
gquit now?

MR. SHARODN: 1T could tell you what I always used
to tell peopie, and that is the criteria is going to run out
of money.

MR. KRESS: That is “ne criteria.

MR. SHARON: That wasn't the case hore. 1 think



11

12

39

14

16
what it is, l when one lzoks at the database that we had,
we had run experiments, I think, on th.e spectrum of
concretes and so forth and melt compositions. ThLe models
seemed Lo be doing a fairly good job. 1 know we ran iunto a
stanaards problem, and? I think most peopie weve doing fairly
good in terms c¢f predirting the interactions and the like.

I think, you know, the decision was is tipat, ynu
know, we're 1ot going to gaiu a lot more knowledge by
continuing to spend a lot more money here, and our monhey
would be much better spent by focusing on other areasu.

MR. KRESS: 1It’s not a gquantitative ==~

MR, SHARON: No, there’s no guantitative criteria,.

MR. KRESS: Were the uncertainties ducv to that or
small enough that you can concentrate on sonething else or
something?

MR. SHARON: Yes., 1It’'s more of a ~~ it’'s a
qualitative judgment, I think, and it’s collective, okay. 1
mean, we confer with our consultants, with our contractors,
and if everybody seems& to have, you know, a general
agreement that, yeah, we've probably done enough and we can
move onto something else, then that’s a pretty good
indicatiun,

MR. SIES8&: Brian, is the last bullet on that
slide still under the heading indicated by the first bullet?

Does the whole slide deal with containment loads, or is that






Lg%

“

(%]

33

14

9

16

17

18

19

20

18

MR, ELTAWILA: Dr. Siess, sir, I think the poirt
ig that what we are coing herz, that we are emphasizing on
resolution of the containment load based or ~- I will try ==~
it’s slightly ~- some conservatismg are applied in the
assumption that we arc using in-containment load analysis.

And we are v.ry close to the margin of failure in
some of these instance:. And the more we do research on in-
vessel core wnelt progression, we will re able to reauce sore
of these uncertainties tihnat will help us -~ tha* can help
eithar in accident manJj=nont strate.gy, so we can tahe
advanrtage cf the margin that you have, instead of assuming
that the containment is going to faii due to lighter
containment heating recause you are using conservative
assumptions i this case.

So the approach is use as conservative as
practical, some conservative assumptions in analyzing
containment integrity, continue wilh the research on in-
vessel core - lt progression, try to give some information
that can he'v review some ¢f these uncartainties, so we can
utilize the margin eventual.y for advanced lignt water
reastors for the current generation plant in terms of
accident managenent and so0 on.

MR. SIESS: I wish I could see a cleare:r relation
between reducing uncertaintier on the core melt progression

and conservatisms in containment loads and containment









10

11

12

13

14

ot
wm

17

18

19

20

21

21
unanswered,

MR. SIESS: Would the uncertainty be large enough
that the Commission would have to shut down existingy plants
in order to provide reasonable assurance that there’s no
undue risk to the health and safety of the public?

MR. SHARON: No.

MR. KERR: Let me follow up, I think, the guestion
that Mr. Kress was raising.

It appears to me that there are sort of two ways
that one can decide -- well, let me pick two out of a whole
spectrum -- when one is finished, one is to wait until the
experiment has been done and to look at what develops and
say that’s enough.

The other is to do some planning and say: Here'’s
what we need in order to provide the assurance that we think
is desirable and necessary.

My im ression is that the approach being taken is
somewhat closer to the first than it is to the second. And
my guestion is: Do you have at least some small group of
pecple looking at what is it that we think we’d need, that’s
realistic to talk about, that will reduce the uncertainty to
an acceptable level?

MR. SHARON: Well, number ore, there’s no =-- I
den’t have ary small group of people that are looking at

that. We look at it in a more ylobal sense in terms of
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taking into consideration the results of PRAs like 1150 and
the like.

The difficulty we huve is that, for example, I
sould go to NUREC-1150 and I could say, well, all the plants
meet the safety goals, so I shouldrn’t do any more research.
That’s one approach. They‘re all safe enough by definition,

The preblem is that a lot of the work that was
done on 1150 was based on expert elicitation, as you're well
aware. In my mind, expert elicitation means that we don‘t
have any data, so we had to go ask people what their opinion
was about this,.

And as much as we tried to guantify that opinion
in terms of probability distribhutions and the like, okay =~«
1’11 be gquite honest -- you know, there are people that are
just not comfortable with that, and they would rather see,
you know, a much better experimental database to support the
judgments that were being made.

And, you Xnow, 1 can’t -~ like I said, I could take
one side of the coin and say 1150 says the plants are safe
enough and I won’t do any more research, okay, or I can say,
yes, 1150 gave us a very eo2ed insight on where the important
areas 2re and where *ne uncertainties are and where we cught
to go after more data. And that’s how we’re using it

MR. KrES8S: You could almost use that as a

definition of confirmatory research, That’s what



9

10

&

12

13

14

15

16

-

& !

18

19

20

23

24

295

23
2onfirmatory research is,

MR. SHARON: Exactly. And this what really this
is., We're trying to confirm that the assumptions that we @
made, the expert elicitation results of 1150 ==~

MR. KERR: No, I have no quarrel with this. I'm
trying to find out what sort of set of criteria one will use
to say: With this, we’ll consider it confirmed,

MR, SHARON: I’m sorry. With what?

MR. KERR: I'm trying to understand what set of
criteria one is going to use, so that one will say at some
point in the program, we now have enough data and enough
analysis, so it is confirmed at a level which wr consider
appropviate.

And my impression is ==

MR. SHARON: Like I just, you know, arswered no to
Tom, no, I dun’t have any guantitative criteria.

MR. KERR: Okay.

MR. SHARCN: What we are doing, okay, and the
criteria I am using, if you want to call it that, is the
peer review process. What we have asked the peer reviewers
is: If I run thase experiments on in-vessel, okay, that
we'’ve proposed, am I going to get informatien that ie going
to provide substantial reductions in the uncertainty that
curreatly exists in our in-vessel melt progression?

Now if they all come back and they say: No, these

—

.
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experiments are wortnless; the)’'re not going to get ycu a
lot, no, I'm not geiry to run the experirents.

I1've also asked them the qguestion of: Car you
tel]l me what expariments I ought te run that could do tha

Now if n>body comes and say: No, there are no
experiments that you can run short of say, a full-scale
experiment for, you know, $500 million or somet' =~ that'’s
going %o answer that, then we may have to cay i 's not worth
it from a cost/bener it standpoint to try and do a lot more
research in this area,

MR. KERR: Brian, the language that you’re using
is: Will the expariment provide a substantial sot of data
or substantial decrease in uncertainty.

MR. SHARON: Right.

MR, KEKR: And that ien’t the question that 1I’'m
asking. At least " don’t think it is.

My gque  ‘on 1is: Whether ic’s substantial or nct,
is there some le'el which you can define either
quantitatively or gualitatively at which you would be
gatisfied with things, and I'm using "vou" collectively?

MR, SHARON: 1 don’‘t know, It hasn’t Leen
defined,

MiK. KERR: Well, don’t you think it would be
helpful to at least try to define it? 1 mean, 1 raise it in

the context, for example, of this guestion under Table 2
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should look at the argument that each peer reviewer is
making., And {f a peer reviewer, his argument just does not
wash or does not agr @ with the rest of the reviewers, then
you have to discard »..at neer reviewer per se. MHis opinion
ig out of the realm of everybody else.

S0 1 cannot tell you if it is two-thirds or one-
third, but I think you have to look at the argument that
each peer reviewer is putting forth to support his claim
that (his resgolution is not adequate.

MR. SIES8:. This, then, is a qualitative form of
elicitation of expert opin on, and it gives a group experts
to decide whetner you're f.nished?

MR, SHARON: Yes, we asked for expert opinion on
it,

HR, SIESS: And you don’t ~- well, when you tried
to usu the experts to get numbers to go somewhere in there,
you could get a probability distribution, and J'm trying to
visualize how you decide when you’re through.

MR. KERR: You see, one of the difficulties -~ and
believe me, 1 don’t thank this problem is easy -~ insofar as
this group is capable of doing so, I believe we're trying to
pe constructive,

One of the difficulties of not having made sonme
estimate beforehand, it seems to me, is that you don’t know

how to design the experiment in order to get the data you
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need, unless there is some thougat given ahead of time to
say: Here are the things we'll need in order to be
satisfied that the problem is solved.

1 don’t see how you know how to design an
experiment to get those data, Now you never know exactly
what you’re going to get from an experiment, 1 agree, but at
least 1f you know what you want, you have a better way of
planning sonething that you think will give it to you.

MR. SHARON: 1f I go out on a limb first -- for
example, I could say I want confirmation that DCH will not
produce excessive containment loads to some probability
level, okay?

Now supposing after I do all my analyses, I find
out that running SURTSEY and running Argonne, okay, and the
like, that I can’. get there, ckay. There‘s going to be a
residual uncertainty or something that is not going to give
me the level of confidence that I wus looking for.

Now 1've gone out on a limb and I‘ve said that,
oKkay, say in 16891, okay. And I find out in 1992 or '93 *hat
T cannot achieve that unless I go to, instead of tenth-scale
experiment, I have to go tov a full~scale, okay, and that's
goeing to cost $300 million, okay. You know ==

MR, CATTON: What's wrorg with that?

MR, SHARON: Huh?

MR. CATTON: What'’s wrong with that?
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MR. SHARON: 1t may not be worth it, okay:

MR, CATTON: That’s right. That’s {t exactly.

MR. SHARON: 1 have said == I mean, why ahould 1
go out on & limb first, okay, and say this is what I must
have in order to be -~ because that'’s a jadgmental thing?

MR. S1ES88: Why was it worth it in the first
place, wvut not worth it now? Why was it worth it in 1991
but not in 19937

MR. SHARON: One has to look and decide whether or
not, okay, that running an experiment, okay, and the cost of
running that experiment, okay, is going to reduce ~- provide
you with a substantial reduction, okay.

For example, I can say that, you know, suppose 1
want to get duwn to a probability of 90 percent confidence
that DCH will not fail the containment when I do¢ a
calculation, okay.

I run SURTSEY. I run Argonne. And I can only get
toe 70 percent confidence, okay. To get that additional 20
percent, I decide I have to run a full-scale experiment
that’s going to cost $300 million. Is $300 million worth
getting that 20 percent?

MR, SIES8: You stated a go/no-go. You may never
get that 70 percent. An experiment is not going teo do it.
You’re dealing with nature.

MR. CORRADINI: Can I ask a different guestion,
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MR, SHARON: Right,

MR, CORRADINI: 1If you don’t get that, then it
tells you == and you're way off on the other side ~-- then |t
tells you something else, okay, :that either you want to do
another experiment to understand why the physics you thought
was really ip control is not in vontrol, all right, or that
you just cannot make this case, ind you've got to back up
and perhaps be more conservative in terms of the regulation.

Am I making sense of what you're saying, Bill?

MR. KERR: Yen,

MR. CORRADINI: 1It’s literally saying == I put it
& different way; that is, if I’m joing to do an experiment
or calculation, 1 shouid always hive ahead of time a
hypothesis of what the outcome is going to be.

MR. ELTAWILA: Yes, we igree with that.

MR, CORRADINI: Okay, all right.

MR. SHARON: That’s the whole reason that we
stopped all that experimentation for two years.

MR. TORRADINI: Okay. Well, I think that’s all
Bill’s gquestion was,

MR, SHAON: Yes, so w2 could get the scaling
analysis to find out that when I ran these two experiments
at the different scales, whethe:r 1 was actually going to get
results, okay, that could be re ated to a large reactor,

whether 1 would see the phenomeia that was right and the
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like.

MR. CORRADINI: 1 purposely picked DCH, because 1
think that was the whole point of the holdup for so long,
Maybe when you get to that later today, it would be useful
to use that as the example of showing wnat you expected the
result to be or the technical question that went inte the
preparing of the experiments, and I know there are some
partial results.

I think that would be a good way of explaining the
exanmple -~ or by example what Bill is asking.

Now can I change the subject and go back to the
core concrete reaction?

Tom asked before, you've declared victory on that,
okay. I “as curious =~- and this is back to Bill’s guestion
“= maybe it would k» a ureful excrcise for somebody in the
Staff to ask the guestion now, if you've declared victory,
why is everybody happy with the victory?

What are the attributes about the knowledge I have
about core concrete interactions that make me satisfied that
I've done enocugh? 1g there something there on a qualitative
generic way that I learn from what'’s been done in core
concrete ~eactions that I can apply to other of the severe
accident issues?

MR, SHARON: Mike, you know, if I thought I would

get something useful out of that, I might do it, okay.
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Let me give you another exampie that’s not in
severe accidents, okay == thermal hydraulics, okay.

We revised Appendix K, all right. There were a
lot of people on the Staff, okay, that 4idn’t want to mess
with Appendix K. They liked it the way it was, okay.

There were algo a lot of people, and there still
are a lot of people, cokay, that felt that® the thermal
hydraulic codes, okay, should have -~ still have large
assessment and development programs going on with them now.

That’s fine, except it’c very expensive, and I
apologlze, but, you kinow, my job is to determine where best
to spend the ta.payers’ dollar and where ve're going to get
the biggest bang for our bucks.

And at some point, one has to bring the whole cost
issue into the decisions, okay. 1 was not seeing great
ctrides being made in thermal hydravlic performance, in the
calculation ability, okay. VYeah, maybe 1 get the reflood
temperature within 25 degrees closer or something or the
time of peak clad temperature within 50 seconds better or
something., But from a risk standpoirt, did that matter?

Well, there’s a lot of people that, you know ==
1’11 be gquite honest with y»u ==~ 1 think thermal hydraulics
ig a very good academic exercise for them, and they‘d like
to work on it until they could get that peak clad

temperature down to four decimal places.
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composition and the like.

What I did not see wasg an integral test program
that had experimental tests defined that would get me to
thig point. 1 had some experiments here, for example, but I
didn’t have that linkage that told me, okay, what'’s the next
step, how do 1 get to the relocation.

The MP experimwents have horizontal crust. 1 asked
the gquestion: WwWell, gee, if the crust tails on the inzline,
1 said, does that make any difference? Some people think it
does. So the guestion is: $hould we run tests with an
in~?line 2rust?

Do I have an integrated experimental program that
ultimately will get me the answer, or am I going to do a
bunch of experiments and find out that I'm still missing a
key plece that’s going to have a residual, large
uncertainty?

(8lide.)

MR, SHARON: Now for current plants, certain
accident management strategies have some large uncertainties
associated with them, and we have some ex ' .¢nts that are
focused on trying to reduce these uncertainties,

The two t*- * we’re very much cencerned about is
gquenching of a damage. or molten core, the guestion of what
happens if 1 add water, if 1 crestore electric power or 1 get

my HPI pumps back on, and 1 sta.t pumping cold water back
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plants, if 1 understand the current status of things, they
will be required to conduct a PRA,

MR. SBHARON: Ves.

MR. KERR: But I haven't seen anywhere a
description of how the PRA will be used in the decision-
making process. That is, how important, for example, are
uncertaintias? What uncertainties are acceptable?

I don’t see ~~ and this i3 not criticisun of your
program at all -« I don’t sea how you can plan a very
meaningful research program uncil sonebody else has answvered
those guestions., It must be difficult.

MR, SHARON: Well, there are certain severe
accident sequenrces that I think one car Jrok at and say that
we can analyze this design, and we don’t really have to
identify exactly how we got there, okay.

MR, KEKR: But unless you know what is going to
finally be used to make a decision, I don’t see how you know
what needs to be analyzed and what decesn’t need to be
analyzed, unless NRR or somebody has decided what they're
aniig to do with the PRA, and I use the PRA as a surrogate
for severe acc.dents,

How can you plan a meaningful severe accident
research program?

MR. SHARON: Well, with what we’ve done right now,

I mean ==~
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MR. SMARON: Well, the Staff is in the process of
coming up with a revision to Part 50, okay, in which the
source term information that was previously in Part 100 is
yoing to be codified in Part 50, and there will be severe
accident reguirements in Part 50 that need to be considered
in the design process.

That ig being done in the Office of Research, but
it is not very far along yet.

MR. KERR: But dv you think you know enough about
what it's going to finally be, o that you can pian research
program?

MR. SHARON: Well, like I said, the only research
program we are doing right now with regard to severe
accidents on these advanced designs is analytical.

MR. KERR: But an analytical program is important
and costs money.

MR, SHARON: Yes., We don’t know.

MR, KERR: And uniess you know where to aim it,
the direction in which to aim it =«

MR, SHARON: 1If I could, you’ll hear about this,
byt »=-

MR. BECKJORD: 1Isn’t it a fact that the severe
accident issvee for the advanced reacters, we’ve concluded
they sre not nev issues in addition to thuse on the

operating reactors?
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that would exceed substantially something of the order of 10
to the =4,

And then when those are¢ idei tified, it’'’s expected
tha, something will be done about them . nd that fixes will
be pursued under the backfit rule, And .hat, I think, is
the oriteria for the completicn of the I}E.

It i. appears that a fix is cost~effective under
the backfit rule, then it would be pursued. If it is rot,
it will be dropped. 1 think that's the criteria.

I would just like to comment on this and g¢ back
to your question, pecause I think this is a very important
one, J

The severe accident plan, ‘“he severe accident
research plan, is for closure, and it’s defined in terms of
issues, And Brian has started to set forth the=ze isaues
here, And tney are the ones that arise in the evaluation of
severe accidents in particular, as he said, those that -~
the accidents that can or may lead to contairment failure,
especially early containment failure, because “~hose have
much more importance in risk base.

In some of these, as Brian has said, the
uncertainties are large. Hydrogen generation was mentioned.
Another one is the mode of pressure vessel failure in »

high~pressure core meltdown seguence.

The objective of the research program is to
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uncertainties, ycu use bounding vaiues, and you do the
research, and when the cost nf the research exceeds the
value of the experimenta) results in Lerms of evaluating
these uncertainties, I think that’se the time when you stop.
It is not whon we run ocut of money; 1 can assure you that.
It’s when the velue is less than the cost of the resvarch.

MR. SHARON: Okay. 1’11 try and hurry aloeng here
to get back on schedule.

As I said, we have efforts underway to look at the
applicanilirty of the current severe accident database, and
code modifications are underway, &s I was saying.

Principally, we need to model -~ we¢ need to have a
containment model that can accoemmodate a water film flowing
on the outside and also to be able to treat condensation on
the inner surface of a steel shell, and we know, as I =aid,
without defining what the sequence is or the probability, we
know that severe accidents will generate most likely a lot
of non-condensable gas, so we need to have models in our
containment codes that can deal with the non-condensable gas
buildup that will most likely take place on the condensing
surface, so that we can get the heat transfer rates through
the containment to see how well the passive containment can
remove the heat load on the containment in a seveve
accident.

We’re making these modifications right now with
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both the CONTAIN and the COMMIX codes.

(8lide. )

MR, SHARON: The other areas ve're looking at, we
have research going on at Brookhaven on high~temperature,
high-speed hydrcgen combustion. Thig is beinyg pectormed
cooperatively with the Japsnesge, with NUVLC people. That
program is just starting to get underway probably in this
coming year,

We have work going on to better charz:cterirs ivel
coolant interactions., 1f you remember, the Steam Explosion
Review Group recommended that we conduct experiments at
internediate scales, around 100 kilograms of melt, to
cheracterize the fuel coolant interaction mixing and the
explosion yield.

And the fission product work that supports source
term revision is essentially finished. This is not
"eventually": it should be "essentially" finished. Our
remaining work right now i& confirmatory, and it is mostly
in support of the PHEBUE fission product program, which is
being carried out at the PHEBUS reactor in France.

(Slide. )

MR, SHARON: My last slide is =-- I just want to
walk through budget real gquick. These are the major
activity areas that we’re pursuing. "his is the funding

that we’ve projected for this fiscal year, as well as the
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the part of that that isn't labeled ALWR is aimed at
existing reactors?

MR. SHARON: It’s espplicable to both existing
reactors and ALWR,

MR. KERR: Okay.

MR. SHARON: Obviously much of this infcrmation
will be applicable to the ALWR either direc¢tly or in an
indirect manner.

Debris coolability, for example, we’re not
propesing to run any tests, any wet core tests, that produce
debris beds that are totally typical of an ALWR with regard
to, say, depth of the debris and the composition. But
obviously the information that we get from the wet core
tests that we'’re doing now, we can certainly relate to the
ALWR perhaps in our model deve¢lopment.

MR, KERR: Okay. Let me put the guestion a
different way. what fraction of that th t’s not labeled
ALWR is aimed at e¢xisting reactors?

MR. SHARON: Ch., All of this, then,

MR. KERR: Okay.

MR, SHARON: 1It’s all existing reactors. What I’'m
saying, though, is that the information that comes out of
this, there’s a lot of indirect information that can be -~
information that can be indirectly applied to the ALWR.

MR. KERR: No, 1 understand. But you would find
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it maybe not necessary, but desirable, to do that research,
even if one weren’t talking about advanced reactors?

MR. SHARON: Yes.

MR. KERR: Thank you,.

MR. WARD: Brian, a few minutes ago, I think Erik
sald that you’ve concluded that the severe accident issues
and the severe accident research needs for the passive
plants or the ALWRs really aren’t a different set of issues
er needs than what you have for existing plants.

o 1 guess I'm trying to figure out what the $5.5
million is. What separate program is going to be carried
out there?

MR. SHARON: Okay. This is the amount that was
put in the budget, okay. When we project in the outyears,
okay, many times we’re not really sure what experiments
wve're going to need. NRR could send us over a letter
tomorrow and say: We need a certain experiment in order to
understand better the ALVR,

Right now, this is ==

MR. WARD: Okay. 8o this is sort of a contingency
allowance in case some nev issue does arise?

MR. SHARON: Yen. Well, let me give you an
example. We most likely may want to purchase some
experiment time at the Westinghouse one~eighth scale

centainment test facility that’s currently being built.
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That facility is == I thirk essentially it’s constructed
now, and I think they’re just putting in the instrumentation
and rhe like.

My guess is they would start their testing in ’92,
maybe in the latter part of this year. It‘s gquite possible
that orce they submit their test matrix to the NRC, and we
san see w'at testing they propese, there may be additional
tests we would like to have run for our own purposes,

At that toint, we would define what additional
tests we would like ‘A enter inteo contract negotiations
with Westinghouse t Lerform additional containment tesgsts,

I can’t * (1 yov what they are right now. I can’'t
tell you when exactly we would propose to run them., But we
have a pretty gond feeling that we would like to have some
of cur own tests somewhera in the future.

MR. CATTON: But when you do that, shouldn’t they
pay for it? If this is =~

MR. KERR: I would cay that I’'m geing to rule that
question out of order. It’s an important questior, but I
don’t think we have time for it in this forum.

MR, BECKJORD: I think those are containnrent
tests.

MR. SHARON: VYes.

MR. BECKJOR": IL’s not new severe accident

phenomena.
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ME. KERR: 1If I asked that gquestion, let me reword
&

What I meant to say was how do you design it if
you aren’t certain how it’s going to be used, and I did that
ir the context of, at least, from my point of view, I don’t
think the Commission has annunciated a clear-cut pelicy of
how it’s goina to deal with the severe acciden* issue for
advanced plants,

1f you know where one is, I would " ary much like
to see it,

MR. ELTAWILA: That’s a policy issue, then.

MR. KERR: Further gquestions of Mr. Sheron?

MR. WARD: I think Farouk was about to say
something interesting.

MR, ELTAWILA: The ACRS propesed a criteria to
accommodate severe accident containment design.

If the staff has to support that criteria, if the
NRC decided to accept the recommendation of the ACRS, and we
have to support this criteria and evaluate licensee
sttbmittal, we have to have our own analytical tool to be
arle to do this work, and that's why we are geoing into that
direction right now.

MR. KERR: I apeoloyize o Mr. Ward anada to Farouk.
If there is evidence that the ACRS is being listened to, I

den’'t want to suppress it.
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MR. ELTAWILA: We alwvays listen to you.

MR. WARD: Okay. I thought you were going to say
sorething like that.

That certainly is an approach. That’s one way to
focus, to identify severe accident research needs and to
focus the purpose for the program, but other than you just
saying 1iat, I don‘t see any evidence of interest in taking
an approach along that line.

I mean I'm waiting. Over the next day-and-a-half
I may get all excited about something, but I don’t see any
indications of it yet

MR, SHERON: Just one other point for your
information, Professor Kerr:

We had a review earlier this year with the Nuclear
Satety Research Review Committee on Severe Accidents, and
essentially the same point came up in that review that you
and several others have made here about closure.

As a consequence of that, it was clear that we
should undertake to revise the severe accident research
program plan, and that is underway now, and I expect that we
will have a draft on that in by the end of this year, by the
end of December, and it’s my expectation that that is going
to set forth very clearvrly the closure points on these
issces.,

I expect it will take somewhat longer than that to
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have that plant approved, but we do plan to have a draft by
the end of this year,

MR. KERR: Thank you.

MR, SHERON: Just to answer Dave’s question, we
are reviewing the letter that you sent us. We think there’:
a lot of good ideas in there, a lot of goud suggesticuns. We
have had a number of meetings.

MR, SIESS: What letter?

MR. WARD: The containment criteria letter.

MR, SHERON: The May 17th containment letter.

MR. SIESS: We didn’'t send that to you, did we?
You said the letter we sent you.

MR. SHERON: The letter to Chairman Carr.

MR. SIESS: Okay.

MR. SHERON: I'm saying that the staff has been
discussing and reviewing it and interacting on it very
actively. So, I just want to let you know that we think
that there’s a lot of good suggestions in ther: and a lot of
goed points, and it’s a tough issue, as you know, and it’s
not something that we can deal with vary lightly.

MR. SIESS: 1Is NRR icoking at it, too?

MR, SHERON: VYes. When I said we’re interacting,
we've had a number of meetinys with the NRR staff on it with
regard to what areas that we think we can agree with, maybe

some arcas that we think are good ideas.
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We have some of our own suggestions on different
vays to treat it and the like. But please understand that
we are pursuing it, and it’s not being ignored or anything.

ME. WARD: Okay.

MR, SHERON: Are there any other gquestions?

MR. WARD: Well, Bill, one comment maybe to you or
to =~ Erik just said a new severe accident program plan is
coming out in two munths. Why are we having this meeting
today?

MR. KERR: Because we didn’t know a new severe
accident research plan was coming out in two months,

MR. WARD: OKkay.

I¢ that going to be substantially different from
what we’re hearing today?

MR. SHERON: No. The information you’re hearing
here, namely that we have pretty much wrapped up the Mark I
work, we have a plan in place to wrap up the DCH work, core
concrete work is finished, and where our new emphasis is
going to be placed.

That’s what you’re hearing now. You’re sort of
getting a preview of what'’s going to be in this revised
plan.

MR. WARD: OQkay.

MR. KERR: Further guestions of Mr. Sheron?

[No response. ]
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past was one-dimensional; they assume that the liner is
vertical.

We know that the liner is at a 45-degree angle and
that there will be a reduction in heat transfer te the
liner.

The amount of melt that is coming out of the
vessel, although there is uncertainty, it can be bounded by
some of the approach that was presented in the analysis,

Some credit -~ we did no* take credit, for
example, that if you have water on the floor, that the
interaction between the water and melt will guenzh the relt
and will reduce the superheat significantly.

One thing that =-- although it’s a judgement call
right now == is that liner failure by itself can be
localized, and once you breach that, if you breach it, it
can reseal 1tself, and fission product will not be
transported to the atmosphere.

MR. KERR: Excuse me. What is meant by the "liner
failure can be localized"? Does that mean it will be
naturally?

MKR. ELTAWILA: No, ne. If it happened, we know
that this corium, that once it loses its heat very fast and
fcrm a solid crust, and you can seal that ~- if a failure

occurs, it can be resealed. There is a finite probability,

very small, though, that the liner can fail.
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to a peer review.

(8lide.)

MR. ELTAWILA: I would like to go over each issue
in a little bit more detail.

The first issue is the liner criteria. The member
of the panels, as you can see here, are people that have
done work in this area, and we're confident that they
understand the problem.

The concern that was expressed at Harpers Ferry
and was reiterated here by this group is that the author of
NUREG/CR~5423 used a very high melting temperature or used
the melting temperature as the failure criteria for failing
the containment, and the c¢nncern was expressed that you can
have creep failure or you can iose the strength of the
containment even before you reach the 1,500 degrees, maybe
as low as 500 degrees centigrade.

[Slide. ]

MR. ELTAWILA: When we had the workshop, the
author provided some finite element analysis which showed
that losing the strength of t! : liner itself is not a major
concern, because you might lose strength in the area
adjacent to the high concentration of heat.

However, the liner itself will be supported by the
concrete shield wall behind it, and the other part of the

liner itself will be at colder surface and will be providing
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MR. KERR: Does that take -"ares of your question,
Mr. Ward?

MR, WARD: Yes, it deoes. Thank you.

[Slide. )

M, ELTAWILA: The second working group, one of
the concerns that was identified during the Harpers Ferry is
that the authors used their own core concrete interaction
nodel and did not use the more recent state of the art
CORCON~Mod 3 that’s sponsored by NRC at Sandia, and they
recommended that we benchmark the analysis that is
recommended in the NUREG against tia CORCON-Mod 3,

So we had the parel that consisted of Dr. Bradley
from Sandia and Dr. Dana Powers. BRoth »f them are partly
involved in the CORCON~Mod 3., In addition, we have Bruce
Spenceyr and Bob Hendley from FAI and ANL.

This analysis has been completed already, and it
was available to the peer reviewer when we had the workshop
in December. The fandia analysis indicated that the time of
duration of the Superheat that'’s used in the NUREG report is
muciy lower than what is estimated. 5S¢ he used a longer time
duration for Superheat. The actual number is about one-
third of what -+ CORCON-Mod 3 value was about one=~third.

You know that one of the impecriant parameters for
the thermal loading on the containment is the duration of

the Superheat, the degree of the Superheat, and the nigh of
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liner will no longer be loaded thermally.

MR. KERR: Yes.

ME. ELTAWILA: So the CORCON-Mod 3 aralysis
indicated that this duration is shorter than ==

MR. KERR: Okay.

MR. ELTAWILA: CORCON-Mcd 3 than used in the NURYG
analysis.

MR, KExR: Thank you.

MR. CORRADINI: Superheat is defired her as ¢ ol
the pool minus T Ligquidus?

MR. »LTAWILA: Minus T Ligquidus, yes.

MR. CORRADINI: Why Ligquidus?

MR, ELTAWILA: That was along the discussion ~=-
because you have to have the melt =-- the corium in a meiting
stage in order for it to attack the liner, ,ou know.

MR. CORRADINI: 8o any solid forwmation at all
would ==

MR, ELTAWILA: Any solid formation would -+~ yes.
And I think this discussicva toox place duriny the workshop,
and they finally agreed that the Liguidus temperature is the
correct temperature te use.

(Slide.)

MR. ELTAWILA: The conclusicn and recommendation
of that woiking group is that the time duration of the

Superheat in the analysis of ths author is conservative, and
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82 you can hear this question, and respond to then, please?

MR. THEOFANOUS: This is Theo Thecfanous.

It’s not enough for me to speak abnut 5422; I have
to speak about MELTSPREAD, also?

MR. CATTON: 1 didn’t ask you to.

MR. THEOFANOQUS: MELTSPREAD is a code that is
developed at Argonne National Laboratcry by Bruce Spencer
an¢ Mitch Farmer, and it has not been out as a full document
ye'. My understanding is this was under the sponvorship of
Bval.

It is my understanding that the draft document is
in the hands of EPRI, and I thirk it is going to come out in
something like a month or two.

My understanding, from what I hear, from
presentations, is that this code can acenunt for crust
formation, Also, they claim that it can account for slide
formatiern. in fact, slide formatiun is their mechanism for
getting it to stop as it is spreading.

They c¢laim, also, it accounts tor free surtface
effects; in other words, it’s moving with the momentum, is
driven by gravity. Excuse me. The mumentum is accounted
for and the melt is moving by gravity, and also, it is
symmetric¢ inside the pedestal, and when it gets out of the
door, then it splits into two parts, which like one-

dimensional floods, are moving out around the drywell.






73
information ror the core/concrete interactions.

MR. CATTON: And then some experiments to confirm
all this.,

MR. ELTAWILA: ‘There are experiments “o confirnm
that, yes.

There were a couple of ceoncarns that were
expressed in the peer reviewer neeting, that small group
meeting.

MR, CATTON: NRC is «.ved in these experiments,
aren't they? 1 mean aren’t you quys involved?

MR. ELTAWILA: The MACE program, ACE/MLCE?

MR. CATTON: Yes.,

MR. ELTAWILA: Yes, we are a partner in that
program,

MR. CATTON: 1Is there any way to get sort of
progress reports or get an ldea of what’s going on?

MR. ELTAWILA: Absolutely. I don’t see why not.

MR. CATTON: 1I don’t either. Could ycu take care
of that for me?

MR. ELTAWILA: Sure. Yes. Ve’ll find out.

Two concerns were expressed during the Working
Group 3 meeting.

The first one was that they thought that there

might be some high elevated like concrete steps inside the
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peer reviewer at Harpers Ferry, but we decided at NRC that
we should go ahead and assess to see if he reexamined the
amount, the superheat of the melt and the composition of the
melt to see that we are using a reasonably conservative
amount.

(Slide.)

MR. ELTAWILA: The recommendation of the working
groug is that the Scenario I and 1] identified by the author
represent an upper nound of what is expected to happen, so
Scenario I was definitely the most limiting scenario because
you get a massive release of the corium on the floer and
it’'s spread ocut very rapidly into the drywell, so they
agreed that this is the most limiting scenario.

There was szsome discussion that some analysis, for
example, for PWR indicate thet by radiation from the meolten
fuel, you can start wa2lting some of the upper internal, sc
you will have a scenario that you will have a lot of oxidic
melt like in Scenaric I, but on tep of that, you will get a
lot of metallic melt which can increase the amount of melt
or increase the depth, increase the degree of superheat in
the melt.

So, we decided to undertake an analysis at Oak
Ridge and RPI to see if that scenario; that is Item 5 for
PWR, is applicable for boiling water reactors here. This

program is ongoing right now, and we hope to get the results
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from it very soon.

(8lide.)

MR. ELTAWILA: 8¢, in conclusions, the NUREG/CR
5423 methodology is physically based on the composition on a
cause and effect basis, it’s based on either test data or
analytical analysis so each phenomenon or €ach part of the
parameter that can affect the issue has been dealt with,
Fased on either test data or computer run or hand
caleculation, conservative calculation.

We have included multiple scenarios and that, in
our eopinion, encompusses most of the scenarios that can be
included in severe accidents. As the methodology was
originally proposed, it’s subjected to peer review. The
peer reviewers muxe their recommendation, we go back and
refine the analysis and see if our conclusion is going to be
changed or not, and that’s the process we’re geoing to be
undertaking in the next year.

After that, we plan to prepare a final report
which will be subjected to a peer review, as Brian
indicated, and definitely we’)ll come and brief the ACRS
Subcommittee and the full ACRS and after that, if everybody
is happy, we'’ll go and recommend it to the Commirsion about
resolution of that issue.

(Slide.)

MR. ELTAWILA: If you will recall, in all our
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the vessel that you have ==

MR. KERR: 1If that’s what'’s meant ==

MR ELTAWILA: We'’re going to have a full
presentation on adding water to a degraded core,
guenchability, fuel interaction, all in one presentation,
yes, tomorrow, the first thing teomorrow morning.

MR. KERR: I recognize that. I just w>ondering how
this was applicable. You’re referring to the degradec core
that’s already out of the vessel; is that right?

MR. ELTAWILA: That's -~ 1 apologize for that bad
terminology.

MR. KERR: I j.st wanted to unders%and it., Thank
you. Mr., Catton?

MR. CATTON: 1In the earlier issues, is FCI
included in the core reccolability part of it?

MR. ELTAWILA: 1In which issues?

MR. CATTON: Well, you’re talking about the liner
and water.

MR. ELTAWILA: No, we did not include the effect
of SAF or SEI on -~ or the effect of it on guenching the
debris before it reaches the liner. 1It’s a conservative
assumption that we did not use.

When you have corium fall into a water pool, don’t
forget that we are assuming in this analysis that we will

have water, one way or another either by NRC requiring them
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interactions.

(81ide.)

MF. POWERE: Core debris-concrete interactions of
(udrse were one of the essential features of asevere
acclidents identified in WASH=-1400. 1 put up here a
p otegraph of one of the very early tec¢ts of melt-concrete
irteraction eimply breause it lllustrates nicely tha safety
issues,

You soe in thisn experiment tre intense aerosol
genaration which of courge in the case of a reactor accident
would se radioactive aeruscl, intense producticn of
flammable gases burned in the reactor, ‘n the experiment, in
the laboratory atmosphere, but could accumulate in a reactor
accsdent, And of courss, vou're cetting erosion of the
concrete down below,

The stndien of core debris~concrete interactions
were in fact prompted by this generation of combustible gas
which was not recognized in WASH-1400.

[81ide.)

MR. POWERS: There has beun a substantial body of
resesrch conducted in the interim, both here in the United
States and in Europe. And the thesis o! the presentation
that I am preoviding here i# that throuyh this research, we
have now gained a sufficient understanding of core debris~

concrete interactions, especially in the case where there is
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thorough understanding of the In-vessel phase of the
accident. Conseyently, we do our experiments and analyses
with a broad set of initisl conditions. That is, we den’®
know exactly what kinds of core Jdebris we're going to ygyet
out. We do know it’s a tvo-phase mixture. How much of this
mixture will consist of unoxidized zirconium spans guite a
range, depending both on the resctor type ard the reactor
accident, and also because we are fairly uncertain about the
in=vesgel phase of the accident and how much oxidation will
tuke place.

Similarly, when this core debris comes out into
the reactor containment, it is an area of uncertainty,.
There are two majer cases that we use. And 1 think Dr.
Eltawila, in his presertation, spoke of Scenario 1 and
“genario 2.

Initie]l temperatures are qguite uncertain. They
can range, depending on the experts you speak to, firom a
very hot core debris, fully molten core Jdebris, down to
material that is barely mziten at all, a two-phase mixture.

That ie a constraint we have on the ex-vessel
.nteractions, 1t is one that forces us to look at a broad
*7ge of initial conditions in defining our database.

[8liua,)

MR. POWERS: And again, 1 believe that safety

issuer are familiar to everyocne.
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(Blide, )

MR. POWERS: We have produced in the area of core
debris/concrete interactions without water present a very
extensive database.

The database is of a confirmatory nature. That
ig, it i8 not a database where we¢ have collected a huge
anmount of data and, based on that data, formulated a model.

Rather, the datubase h»s been generated having
fornulated a model or a hypothesis, then conducting
experiments to see if we validate those model hypotheses and
then, based on, typically, o [ailure to confirm, refining
that hypothesis,

In generating this database, we have loocked at a
wide range of materials, types of concrete, test conditions,
and we’ve been forced to do this again, because there is
uncertainty in the initial conditions specified as a result
of the in~vessel accident progression and alsc because
melt/concrete interactions go on for a long time, and the
type of interaction you get changes over that course of
time.

You go from an interaction dominated by a very
high~temperature melt that includes a lot of uranium dioxide
to one that’s dominated by iroen and relatively low-
temperature melt,

‘slide.]
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MR, POWERS: I include in your handout a list of
what 1 think are the major tests that have been done.

The history of melt-concrete interactions is there
was a period of a lot of scoping tests in which we just
exploring how high~temperature wmelts behave when they
interact with concrete.

It is an exciting event when you first see it,
because there is a production of a tremendous amount of
combustible gas. You are working with high-temperature
materjiale, an area that is a challenge in any aspect of
gcience,

From these scoping tests, there have evolved (est
technologies, the capability to du experiments, to
instrument those experiments, and now we have sets of tests
that I think are fully~instrumented tests that truly
iliustrate the phenomena that ocour, and 1 have listed down
what I think are the major tests here, beginning with hot
g0lid tests in which we looked how hot but still solid steel
and UO2 would continue te attack the concrete, the SURC
teste in which we looked at sustained molten V02 ZRO2 and
zirconium melts interacting with both limestone and
glliceous concretes, and 1 note on several of these tests
that are one~dimensional, and that’s an element of test
philosophy that I thought I ought to carefully explain.

One can look at a prototypic situation. Here I
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have somewhat schematically drawn a vessel with core debris
in a reactor cavity, and one can design a test in which one
says let’s shrink that pretotypic situation down to sonme
gmaller tractable experimental scale, and certainly, that's
been done in a lot of tests, and those tests have been
labeled as \wo-dimensioral.

The difficulty one promptly gets into there is
that when you shrink this geometrically down, sidewalls
become the dominant influence of the melt interaction with
the concrete, and you're tending to leook at radial attack on
the concrete more &0 than downward attack, whereas in the
real situation, downward attack on the concrete
predominates,

The other approach, and the one that’s been
adopted also in a large number of tests, is tcu say, rather
than shrinking this down and trying to look at a wminiature
reactor cavity, let us take a region out of this and
formulate a one-dimensional-type interaction in which we
look exclusively at the downward, which is the dominant
interaction in the real accident situation.

MR, CATTON: What’s your szaling parameter?

MR, POWERS: The scaling parameter for the one~
dimensional, the thing you'’re trying to reproduce there,
Ivan? 1Is that what you're asking?

MR. CATTON: Yes.
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MR. POWERS: We try to reproduce the puwer we're
generating in the melt to prototypic levels, and lately, we
have had more concern about the depth of the melt over the
concrete as an important scaling parameter.

MR. KRESS: Dana?

MR. POWERS: Yes,

MR. KRESS: 2efore you leave that, an important
consideration in these interactions is the heat transfer
that one gets.

MR. POWERS: Yes,

MR. KRESS8: Now, just because you make 2 wall an
adiabatic wall deces not mean it doesn’t affect the heat
trangfer,

MR. POWERS: Yes, it does.

MR, KRESZ: 1Is that part of your scaling
consideration, also?

MR. POWERS: Yes. Ve have to -~ the way we have
appreoached that is we a little bit overdrive the amount of
heat we put into the melt to compensate for the conduztion
out the walls,

What Dr. Kress is bringing up is that, in creating
a one~dimensional piece of concrete that'’s being attacked by
the melt, 1 do have to constrain it with some walls, and 1
usually use a refractory out here.

In fact, the technology that we have developed is
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to develop macnesium oxide ag the refractory. It is quite
ingsulating in and of itself. 1It’s a high-porosity material.
Nevertheless, a certain amount of heat gets conducted into
it,

Abou* a third of the heat we put into the melt
sactually ende up in these walls., 8o, when we are trying to
achieve something like .3 watts per gram, we put in .4 to
compensate for that conduction inte the walls.

MR. KRESS: 1 aleo had another consideration in
mind, and that was that the nature of the natural convection
currents one gets depende on that wall.

MR. POWERS: Yes.

One of our very initial concerns in looking at
melt-concrete interactions, one that arose in the scaling
program itself or the scoping program itself, was saying,
gee, if you're talking about something that’s meters wide,
would you get a natural circulation current that, in a
small~scale test, you could never, never reproduace, and
would that be a major problem?

The discovery that was made very quickly in the
scoping program was that this gas generation is taking place
all over the material,

It’s creating violent stirring that occurs over a
length scale, really, probably dictated by Taylor
instabilities, that’s about like this, anC that the key to
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doing good nelt/concrete interactions is, in fact, te do
something 80 that you have several of these -~ what are
called Taylor wavelengths =+~ acrouss your diamceter and then,
after Lhat, to == it just goes on ad infinituvm, and that a
grogg circulation pattecn is not developed,

Nevertheless, people stiil look for that gross
natural c¢irculation pattern that might be atfecting the
results,

it is an area that continues to be worried about
that, but there is never anything shown up very definitive
that we have massive differences in the nature of melt
attack between things on the diameter ratio of 20
centimeters and a meter.

MR. KRESS: I would have thought that both Taylor
scales and Rayleigh cells would be of importance, and it's
the Rayleigh cells that I'm worried about. You
automatically reproduce the Taylor size.

MR, POWIRS: Cellr, that’s right.

MR. FRESS8: But it’s the Rayleigh cells I was
worried about,

MR. POWERS: What 1 can tell you, Pr. Kress, is
that, again, we continue to lock at this, but the code seens
to be able to reproduce well at 20 centimeters, 40
centimeters, and more recently, nearly a meter without

recognizing a Taylor cell, and we continue to look at it.
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1 There was some initial evidence and some tests

2 dore with two-foot«diameter hemispherical crucibles that we
3 had a large wave occurring. If that occurs, it is not

4 something that growe with time.

5 That je. if you have some higher heat transfer

6 locally, that doesr’t result in the melt all going into that
7 direction, that hiagher heat transfer tends to heal itself

8 out,

9 The defense 1 can oifer ig that we just don't see
10 anything that suggests we need to do that., 1It's nct

11 gomething that’'es neglected, by any means.

12 MR. CATTON: You could also use as a defense

13 Dhir’s data.

14 MR, POWERS: Yes. I understand.

15 MR. KERR: Commercial break.

16 (81'de. )

17 MR. POWERS: Let me continue through the lists of
18 tests.

19 SURC 1 and 2 tests looked at UO2~ZRO2

20 in*teractions,

21 SURC 3 and 4 looked at a very important phenomena,
22 how un~oxidized zirconium metal would affect the

2} interactions.,

24 It had been presumed, certainly in WASH-1400 and

25 for several years thereafter, that all the zirconjium in the
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MR. POWERS: Advanced Containment Experiments.

The ACI program involves things beyend melt concrete
interactions. 1t involves a 1ot of contalnment pheunorensd.

MR. CATTON: 1Is thet the Argonne work?

MR. POWERS: It is, indeed, anu the Ar ,wune ACE
tests ave looking at UO2 ZROZ melte. They’re primarily
divected towards Source Term lssues.

(§lide.)

KR, POWERS: 1 did want te go through cne of the
tests just to show you the level of test vechnelogy and give
you some idea that these are relatively sophisticated
ixperiments., The example I chose was the LURC+-4 test where
the objective was to show how strongly zircoaium, unoxidized
zirconjum weuld affect melt interactions with concrete.

The procedure adopted in the SURC test was ho
ectiblish a steady-state interaction of stainless gtesl with
concrete, I think this illustrates a very important point.
In the past, when melt/concrete interactions were €first
investigated, just putting hot steel cor concrete was a major
event., a very exciting event.

Now, ve’ve gotten to the postnl that establishing a
steady~-state ‘ntevactions 18 an every day sort of thina,
Nobody thinks very much about it. Once we‘d established a
ateady -state stainless steel interaction, we added zirconjium

~= not zirconium dioxide; I‘m sorry about tiat -« we added
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wetallic zirconium to the meit and che trans.ent observed.

Whart you see ls that the test procedure was set up
g0 that we got the cifferential effect of zirconium metal
very clearly. This just shows vYou the experimental
apparatus, again, a one~dimensional slug of concre.e baing
exponsed to melt. The melt was heated by induction heating,
all contained so that we could quantify the gas gencration
anud avrosnl production.

The instrumentation that’s applied in these teusts
18, indeed, extensive., I show you a iayout nd also provide
vou a list of the instrumentation., The inftrumentation
phiiosophy is to instrument heavily and to provide replicant
measuremencs oy mosct of the critical phencmena, for
instance, gas generation is measured in at least three ways,
gas composition in two ways, aerosols are characterized in
at least threc different wava. So, we have a high degrea of
confidenve in the data that are being produced tor the
codus,

[Elide.)

MR. POWERS: Let me show you a plot of the melt
tempe.ature in the SURC~4 test, The time is the
experirental time., You will see that we heat up the melt,
it begins te attack the conrrete. We establish what we cal!?
our steady-state melt/conirete interactions. Twenty

kKilograms of zircoinlum metal was then added to the melt.

i o I e e i e e e L el Nl Ea 'S Rl Fami Ty Yy
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The melt was interacting with the basaltic concrete.

Had vou made a prediction of this with the codes
that existed at the time, you would have calculated that
adding the zirconium would have caused the melt temperature
to drop., Instead, we saw a tremendous increase in the melt
temperature and then a slow decay in that, eventually
getting back to a steady-state steel interaction with
concrete

MR. CATTON: How do you separate the coupling of
the electric field? When you add the zirc, you're qoing to
change the character.

MR. POWERS: Minuscually, haidly at all.

MR, CATTON: Hardly at all?

MR. POWERS: Hardly at all.

MR. CATTON: It doesn’t ~hange it?

MR, POWERS: Undetectalble change, The only things
that are going to change about the melt is its resistivity
and the magnetic flux. Your temperature where the magretic
fluxes don't contribute “o the forces at all at this point,
80 all you're changing is ==

MR, CATTON: I'm not talking about forces: it's
the heating, the eddy currents.

MR, POWERE: All of your heat is being applied,
really in a fairly narrow zone around the outside and then

being stirred into the meit by the gas generation. Dropping

e e b . A e e R N e S
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in 20 kilograms of zirconium hardly changed that at all.

Mit, DAVIS: What was tho original mass?

MR. POWERS: About 200 kileograms anu adding 20
k¥ilograme in was about a 10 percent change.

MR, DAVILt: Thank you.

MR. POWERS: We chose the 20 killograms «=~ grite
frankly, it was not chosen on a -~ it was chosen on che
hasles of fear. Zirconium metal is a very energetic material
when you put it inte the concrete, and you can see the kind
of temperacure excursinn we got here, gquite different than
what the codas would predict at the time.

[8lide.)

MR, POWERS: 1 should mention that melt
temperature is probnbly the most densitive arbitrator of
whether a code i¢ doing well or not. Erosion of concrete is
probably the least sensitive arbitrator, and so 1’11 be
ghowing you a lot of melt/temperature plots. 1’11 show you
a lot of concrete erosion plots, but pay particular
attention to comparisonsg between Lhe codes and melt
temperature, because temperature is a very important
parameter to uvs from fission product release, and it is
extremely difficult to predict temperatures accurately with
the codes,

MR. WARDt When you sgay it’s a sensitive

arbitrator, you mean kecause it's easiest to measure or
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bucause you're mest interested in it or what?

MR. POVFRS: it's the most difficult to get 1 good
agreenent between the code and the experimentul
measurementn The meagurements are nol, by any means, easy
to make, but ‘t’s a techrolegy that I think we've
successfully developed, sc we do it fairly reutinely now, W
will get code predictioas that natch erosicns very well, and
are completely off on the relt temperatures.

MR, CATTON: 1 undersatand.

MR. FOWERS: Thrt poses a major problem to us when
we tLry to caluulave aerocaol release,

MR. CATTOUN: The only reason that would be true
would be it you can’t calculate the hoat tranrfer to the
interface?

MR, POWERS: Exactly so.

MR, CATTON: 1If I can’t coleculata the hoat
transfer to tne interface, I'm not sure what geod this is.
Thut’s vhat 1 need,

MR. FPOWERS: What I’'n indicating to you is, look
vaery cleosely how welli we do on the melt temperatures.

MR. CATTON: You need beth.

MR, POWERS: Adnmire what we do on the concrete
erosion, but understand that they can fool you pretty well,

MR, CATTON: Thre good tenperature predictions

could just mean that you've got something wrong with the
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heat balance in the code. It doesn’t tell me a thing.

MR. POWERS: You have to look at all of them, I
agree.,

ME. CATTON: I have to have a heat balance. 1
need to know the heat transfer coefficisnt and if 7 know
both of those, 1 should be able to predict the pool. 'YThe
pool is least jmportant,

MR, CudRADINT: I guess what I was going to ask
was a different question, but if you think of it just from a
problam gstandpoint, [’‘ve got power up/power down, and
sensible heat storage. 8o, the erosion is an indication of
powar down,

The tenperature ig an indicacion of sensinle heat
stored, Whrre are calculations compared to experiments of
power up?

MR, POWERS: Say that again?

MX, CORRADNINI: Energy up, power up; in other
worves, if 1 look at it strictly as energy balance, 1 hLave
pevaer down, power p and sensible heat storage.

MR, POWERS: Exactly.

MR. CORRADINI: 8o you're telling us to look at
temrperature as an indication of vensible heat, erosion is an
indication of power down; do you have =«

MR. POWERS: I will show y a nothing on that in

the piots that I have, Mike, on power up, simply hecause we
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dehydration front is typically around 150 deqrees.

1 just chose the 400 degree K isotherm and “hat'’s
what we neasure now. In fact, if you plot the temperature
responses of concrete, you will fird that the temperature
starts going up, hite a plateau, holds at a plateau a little
it and then goes on up.

puring that plateau is when you'’re evapora:ing
water.

MR, CATTON: Dana, how good is your heat balance?

MR. POWERS: How good is taking the sum, adding
it? It is a measurement that we take very seriously. We
try to do it In three different wayse., Probably our hest
that we do i& getting within plua or minus ten percent.
Plus or minus 20 percent is the worst we’'ll allow for a
competent test.

MR. CATION: Do you have anything that describes
the process by which you do thias?

MR, POWERS: Both the SURC reports have an
extensive description of that heat balance process.

MR, CATTCGN: For thils kind of test, plus or minus
20 percent ig pretty damn good,

MR. POWERS: Yes, it’s =~ 20 percent, if we get
over 20 percent, we start discounting the test heavily, If
ve get to ten percent, we congratulate ourselves pretty

wall, as a matter of fact.
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MR. POWERS: As 1 have said, there is now an
extensive database looking at beth metalllec melts and oxide
melts, solidified materiale, and we have looked a the
effecte of zirconium and we’ve certainly looked a various
concretes., The database, thouga it is extensive, certainly
does not span all the possible combinations that one will
imaagine will arise in the cnurse of accident analysis.

We are, in fact, developing a computational tool
that are to be used generically that plants have sufficient
diversity and people come up with sufficiently diverse
accidents. I think we’ve certainly heard today, volunteers
coming up with even more diverse acciderts that
experimentally, I doubt that we could look at a.l those
possible combinations.

Wo are, in fact, dependent upon the codes to
interpolate an. extrapolate these data. If I were to try to
characterize ( eaknessos in our database, the things that
stand out in my mind is that we have certainly looked a
herizont=i downward attack more extensively than we have
he-iwontal attac’ ! hat is, the radial erosion of councrete
is an area we’ve ,+v stigated less thoroughly than the
downward,

For a general reactor accident, the erosion is
less important. 1t becomes more important when you think of

thinags like pe, *atal failure in boiling water reactors to
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understand that radial attack better. I think you’ll see,
when 1 show you some compurisons between the codes and
radial attack, that wve don’t do too badly,.

Nevertheless, it’'s not been very thoroughly
studied, We have looked at essentially metallic melts and
essentially oxidic melts. Sometimes those oxidic melts will
have a little bit of metal in them,

We have never lookzd at a test that has both
metallic melts and oxidic melts where tae two phases have
about egual volume. We depend there heavily on our codes to
tell us how metal and oxide melts simultaneously interacting
with the concrete, themselves interact, and it’s a fairliy
important interaction and une that I do believe we
understand fairly wvell.

We have never done tests that, once started go on
ter long periods of time; that is, something on the order of
10 hours.

MR. KRESG: Dana, we heard earlier that victory
has been declared., 1In view of that, are we to interpret
these areas of weaknesses as not being very important?

MR, POWERS: Certainly my view is that I think,
for instance, on the radial attack, it's a relatively
unimportant in most reactor accidents. Ycu can undoubtedly
define a particular acclident end a particular plant where it

might be very important, and I think that the victory that'‘s

R ——
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been declared doesn’t address that very specific issue.

MR. ELTAWILA: We will continue to get data from
the BETA experiments which will help us validate our model
in this area, so although we don’t have a program at NRC,
there are other programs that produce these data that we
will be using te update the models and validate them,

MR. POWERS: I think you’ll see# that we don’t do
kadly., 80, the scenario weakness of the database -~ but I
don’t think «« it doesn’t keep me awake at nights.

MR, KERR: You will recall that at one poin' in
the Vietnam War, Senator Ailken, I think it was, suggested
that we declare victcry and pull out of Vietnam.

MR. CORRADINI: Am I to take that there’s an
analogy here?

MR. POWERS: 1 hope not. 1 very strongly believe
now, and I think that we have met the enemy and they are
our‘s, in this case, that we went from an era where
melt/concrete interactions are an extremely daunting, very
complicated subject, that we continued to find new phenaomena
as the descriptions of the melt that we would get from the
in-vessel hbecame more complicated. We can now explain most
of that phencmenon,

S0, I don’t thiok we are backing out. I thought I
would put out these weaknesses, not Tu diluvte the theory

that we understand enough, but to peint out tha%, yes, you
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can probably find areas that I have not explored thoroughly
in the experimental database, but to my mind, these are not
very serious.
and

MR. CORRADINI: 1 asked this of Brian betfore,

we <= 1 got kind of an answer of money, but I want te make

sure 1 understand this on a technical bags's. If tomorrow we
were to pick an experiment ard we saild, okay, before the
experiment is to be run or before the data is to be
released, we do the calculations, what'’s an acceptable
vneertainty == what would you gquess to be the range of
uncertainty we would get and the nunber of pecple trying to
gee what the results of the experiments are, and what's
acceptable?

MR. POWFRS: 1,

nyself, have what I will call :

goals that I have in mind for these codes. For the erosion

of concrete, the amount of gas yeneration, hydrogen |

production, T think we should be within about 30 percent in
our code predictions., For aerosol generation and what not,
I like to be within a factor of five on the release of
specific radlonuclides and prefer arcund a factor of two,

Okay. That*t kind of uncertainty means that we have
reduced the uncertainty due to melt concrete interactions
down to where it’s well below the uncertainty in how well
for a

you can specify an accident for me. Certainly,

fission product release we well below the uncertainty you

e e e e R
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1 avallable., CORCON is the ccde that’s being developed by the
| 2 NRC., WECHSL is a very gimilar code developed in Germany.
i 3 The industry uses a code called DECOMP.

4 MR, CATTON: Before you take that away. 1 was in

5 GCermany for some reason or another, and observed some of the

6 BETA tests.

7 MR. POWERE: Yes.

8 MR, CATTON: And they didn’t look like anything
9 1'd seen before, 1t looked like oatmesl., Now, will the
10 CORCON go all the way into the ocatmeal ctage?

11 MR. POWERS: Oatmeal?

12 ME. CATTCN: You knov, my mother used to make
; . 13 vatmeal, and it would get very thick.
! 14 Mh. POWERS: Your mother made strange ocatmeal if
| 15 it locked like melt concrete interactions. Did she not like
| 16 you?
' 17 MR. CATTON: Big bubbles would form.
1 18 MR. POWERS: Yes, yes. The codes don’t =~
19 MR. CATTON: It looked like Yellowstone mud pits.
20 MR. POWERS8: I think that’s =~ having that mud pit
1 21 look, especially once the melt hae dropped down to
l 22 relatively low temperatures, where the viscosity,
| 23 particularly of the siliceous melts that are used in the
‘ 24 BETA tests are very high. That’s not uncommon to see this
25 kind of mud plot, every once and a while a bubble coming up,
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80, in fact, our ability to calculate that aerosol
generation, which i1s virtually invisible ==

MR. KRESS: PBefore you take it away, yo'r
ordinate, or is it abscigsa 1 forget, is grounds per meole
of gas?

MP. POWER:®: Yes.

MR. KERR: That begs the guestion as to how well
1id you p.edict the moles of gas predicted? You know,
*“at’s a relative nunker.

MR, POWERS: My recollection iz that I used the
CORCON calculation of these moles of qas, because the
experimental data in the BFTA ' st is polluted by the fact
that you’re getting a lov ¢ . ant heating on concrete
sidewalls, and that gas tha. comes from ‘hose sidewalls
doesn’t pass through the melt, doesn’t contribute to the
aerveol generation.

I den’t have o plot, ner do I remember ho' vell I
predicted the gas generation in that test. We =-- you have
to make that correction, to see how well you predict in the
BETA test, It's a problem with two-dimensional tests.

MR, CORRADINI: If I can point out one thing. T
mean, you said you vere gouirg to get to it with fission
products, of why two o five wvas the number that, if you
were to be yiven the choice yuu would choose that., The 33

percent, just for gas as an example though, all of the
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distinct layer:. 1In fact, they can be vigorously stirred
and intermixed. And simply, you have heat losses. Heat
losses going radially, heat losses going upwards, either

\to the atmosphere or overlying water, heat losses going
into the concrete. Because you have heat generation in the
two~phase, the oxide phase and the metal phase different,
that is, decay heat is slow heat generation over a long
peried of time: chemical heat is a very in tense heat
generation that goes on until yc¢u deplete the reactive
materials, you also have to worry about heat transfer within
the interim region.

MR. KKESS8: Dana, the chemical heat includes
zirconium reacting with the silicon coming from the
concrete.

MR, POWERS: Wait. You’re messing up my punchline
here.

[Slide.)

MR. POWERS: 1 just wanted to illustrate the
modeling that’s done in CORCON to get that mixing.
Interlayer heat transfer is done by the entrainment of high-
density material into a low-density phase, as a result of
gas bubbles rising through the melt.

MR. CATTON: 1Is that George Greene’s stuff?

MR. POWERS: It builds directly on George Greene'’s

correlations and models.
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MR. CATTON: What about radionuclides in the
metallic phase?
MR. POWERS: .hey are certainly taken into
account, It’s about 20 percent cof the radionuclides are in

the metallic phase as far as heat generation goes. That’s a
very inconsequential heat source, when you have this
tremendous chemical heat source going on.

[Slide.]

MR. POWERS: And this just shows you how much mass
is entrained as a function of time for melts with the
density ratios shown here. For instance, eight grams per
cubic centimeter is the dense phase; seven grams per cubic
centimeter were the low-density phase. You see, you get a
curve that looks lile this. About 5 percent of the high-
density material gets entrained in the low~density material,
and the entrainment takes place very quickly.

Similarly, as the densities get closer, one should
get down to 7.2% grams per cubic centimeter. For the high-
density phase, you see you get to 100 percent entrainment.

MR. KRESS: 1I’m not sure what I’'m looking at,
Dana. 1Is that the model -~

MR. POWERS: 1It’s the model of calculations, yes.
And I put it up just to illustrate for you that there are
periods of time during melt-concrete interactions where in

fact you don’t have two distinct layers, you have complete
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because you had to melt the zirconium, and that the amount
of gas coming in and the amcunt of chemical heat was not
able to reverse this drop in melt temperature.

(8lide. ]

MR. POWERS: A lot of effort was expended to
improve the models of heat transfer to the concrete. It
would become evident from a lot of tests. This test
certainly demonstrated it. But more important, the BETA
tests clearly demonstrated that the gas film model of heat
transfer to the concrete was simply not adeguate.

And in your handcut, I certainly described that we
have now gone to one that’s called an intermittent contact
model, It shows you schematically some of the features of
that model. You have a melt interacting with concrete,
generating gas bubbles. You have options. Either an
interfacial crust forms or not. If there’s no crust
formation, then heat transfer is limited by convection from
the melt as these bubbles form, and heat transfer across a
thin film slag.

If a crust forms, it depends on whether that crust
is stable or not stable. 1If it’s unstable, you get the
bubbles breaking up the crust intermittently. If a crust is
stable, then heat transfer is limited by conduction across
that crust,

[Slide.)
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MR. POWERS: When we apply that kind of a model to
predicting tests, this is one example, the so-called SWISS~-I
test. This shows you the ablation of concrete as a function
of time, predicted with this CORCON with an improved heat
transfer model., Extremely good agrecement.

MR. KRESS: Dana, could you go back to that
previous slide just a moment?

(Slide. ]

MR. KRESS: These are model options built into the
CORDON-Mod3.

MR. POWERS: Yes, it’s not really options, in the
sense that the user selects them.

MR. KRESS: That was going to be my guestion.

MR. POWERS: We have a crust solidification
criterion built into the cnde. The option the user has is
to say do you want the intermittent contact model or does he
want to go back to the old gas film model.

MR. KRES8S: There’s no built=-in criterion within
the code that selects those.

MR. POWERS: The code calculates whether the crust
is formed and then a strength criteria is built into it.

[Slide. )

MR. POWERS: 1 have included in your handouts
comparisons with a lot of other data. 1In view of our

previous discussion, I ought to show you, with the BETA
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tests we get both axial and radial erosion data, and these
plots show you how we do. This happens to be the V0.2 test.
The axial ercsion is indicated by the dark sguares, the
radial erosion by the open squares. In this case, we
obviously are missing some of the initial! Ulransient attack.
Typizally, we do a littl oetter than that. I can’t tell
y>u what the difference is.

(Slide. ]

MR, POWERS: Here is the BETA 1.7 test, again
showing you the predictions of axial erosion and radial
erosion. And though we have not studied radial erosion as
extensively as axial, we really don’t do too bradly.

MR. CORRADINI: How did you do in comparison to
1.8 and 1.9? Those were highest-powered tests --

MR. POWERS: Yes, those were very high-powered
tests. I bet you know something more about it than I do,
because T don’t remember seeing calculations.

MR. CORRADINI: 1I’'ve never seen any calculation
that’s been able to predict those and consistently predict
others.

MR. POWERS: There’s a problem at least with one
of r..2 tests in that the melt starts wormholing around.

MR. CORRADINI: That was a different one.

The reason I’m asking this is I’m kind of going

back to your overall thing of 33 percent.
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MR. POWERE: Yes.

MK. CORPADINI: Because all this is well within 33
percent, And my question goen like this: why did you pick
33 percenc for the, I'l1l call it for want of a better word,
heat transfer thermal hydraulics aspects fo the MCCI?

MR. POWERS: I will tell you quite frankly, the
correlations that we use for these heat transfer models,
when I lock at the coefficients that are in there, they know
them to about 25 or 30 percent. That’s why I picked 35
percent.

MR, CORRADINI: Another way of looking at it is,
if you look at another population of available dry data and
you blindly try to predict any of them, you are lucky if you
can get it better than about a third.

MR. POWERS: Yes. Well, I feel good about that.

(Sl'de.)

MR. POWERS: When we take this imprcved heat
transfer model and apply it to the SURC-4 test to predict
melt temperature as a function of time, we don’t match. It
matches on the others, but when we had the zirconium
present, it was clearly not matching. There had to be
something else that was driving things.

What we believe is that the zirconium metal has a
nore pervasive influence than simply making the melt more

electro-positive and a2llowing for more vigorous chemical
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It’s more likely te be on the bhottonm,

MR. POWERS: Th:¢' is what a lor of people would
estimate based on both densities. There are some subtleties
en that, but go ahead with your point.

MR. KRESS: Then this reaction would depend on the
ability to mix the two at the interface.

MR. POWERS: That'’s right. And they would very
dramatically mix in that case because if the oxide is on the
bottom, then it‘s density is very close to that of the
metal, and you would ge a lot of inter-mixing. Once again,
we don’‘t really have a problem of where to put that heat.

(Slide.)

MR. POWERS: This is just *+he calculation of the
ablation as a function of time, and again, you see, with the
improved chemistry, we match very well,

[slide.)

MR, POWERS: Well, the $64 question is, we have
developed models largely based on metallic melts interacting
with concrete. Certainly *he beta tests and many of the
early tests in the SURC progran were metallic melts
interacting with concrete.

The critical guestion is, can you now take these
melts with the heat transfer correlations that you’ve
developed and apply them for a strictly oxide melt

interacting with concrete, making no other changes except
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MR. POWERS: We are now in the procaess of
predicting cther people’s melt concrete test, especially
with respect to fission product release. This shows you the
results of fission product release in the ACE test of
uranjum diexide interactions with concrete, and I plotted
release fractions for a variety of materials listed across
here, and 1 show with the dark bars the predictions from the
VANESA model of CORCON-Mod 3 versus the experimental
measurements, and I have not been careful about indicating
what the experimental error is on the measurement,

This is an extremely satisfying result we have
obtained here,

MR. CORRADINI: 1Is this part of the bhenchmark,
because I .2 not familiar with these calculations.

MK, POWERS: These are calculations we‘ve done,

MR. CORRADINI: They are part of the benchmark
exercises done for Lé.

MR, POWERS: Now, whether they have actually been
subnitted to anyone, I deon’t know. I asked specifically for
them, and this is what was given to me from the calculation.

MR. DAVIS: Dana, why aren’t there any VANESA
calculations for molybdenum and ruthenium?

MR. POWERS: 1’11 touch upon that. Can I walk
through the rest of them, and then I’11 get to it, 1Iti’s a

very clear calculation. There are calculations. They’re
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1 right down in here.
i Jranium and telerium were extensively released in
- the L6 test, and when we got large amounts of release, the
4 code was extremely accurate in its predictions for both ot
5 those. As we get into the more trace reiease materiais, we

6 are certainly within about & factor of five on these,.

7 For the molybdenum and ruthenium, we missed them

8 complet2ly and we were completely low, and for reasons that

Y we very well understand. When the VANESA model was created,
10 we did net believe that you would in any experiment

11 involving a metal phase gyet so oxidizing that you could

12 create molybdates that would vaporize.

13 The code simply does not have them in it, does not
i4 recognize molybdates, and molybdates are very volatile. 8o

15 the code never gets any nmolybdates and it never predicls any
16 volatility here.

17 We did not know that any ruthenates existed. The

18 code does recognize ruthenium oxides, but wve never get so

19 oxidizing that those ruthenium oxides can form. We have

20 just recently discovered there ar: ruthenates, potassium

21 ruthenates and sodium ruthenates. The code does not have

2 them, and 50 we did not predict thenm.
23 My suspension is that as scon as we add those
24 additicnal species in here, we will be able to match these

25 tests very well.
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1 A in the gyas phase is like plus or minus 5,000 calories per
} acle. That'’s typicai fur these refractory species that

3 wa'‘re looling at.

4 That kind of an uncertainty, at 1{8 degrees K,
) would amount to & factor of four uncertainty in the partial
6 pressvre, and that partial pressure uncertainty transiates

directly into an ancertainty in the release,

3 It’s this reason the inherent uncertainty and the

G properties, the thermodynamic properties I have availahle

10 for these species that I can’t expect fission product

11 reiease codes *o Lbe more accurate than about a facter of two
12 te four,

13 To resolve that uncertainty, to reduce that five
14 kilocalories down to some other level would be a formidable
15 research undertaking. VYou’re literally talking about

16 billions of dollars worth of work, because people worl very
17 aggressively to try te get thernodynamic properties very

18 accurately, and we are ieally right at the limits of where
19 technology is.
20 [Slide.]

21 MR. POWERS: Let me just conclude by saying that I
22 think we have predictive models, that we car treat all the
23 essential phenomena. 1 believe the heat transfer mod, I

24 think, is particularly well developed.

25 There are some refinements still possible in the
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mnisrepresentation to say that TID-14 844 is8 used in
licensing. It could be, but i1 practice, becauss 2f Req
Guides ..3 and 1.4, it actually is not used in siting
evaluations, I think, Thos2 Reg Guides just specify Source
Term that is somewhat different than 14844,

MR, KRELS: Yes, som2vhat different, but they were
based on TID 14844.

ME. KERR: Based an it in the sense that they‘re
different.

MR. KRESS: The only difference is in the guantity
that one uses.

MR. KERR: Yes, but that'’s pretty significant.

MR. KRESS: Yes.

MR. LEE: Now, you Fknow that the TID 14844 was
used in the 10 CFR Part 100 for the siting criteria and you
know that the nther use for this TID 14844 -~ the
environment that we have to look at some oi the plant
systemns in plarts. 1hose are, for example, the pulse test
sampling systoems and the alectrical equipment gualification.
then 1f you look iatc sdlant uitigation features like the
filter <design and all (hose, we use that Source Term to
evaluate how effective they are.

(8lide.

MR. LEE: The Reg Guide 1.3 and 1.4, as you note h

here, has specified the ilodine chemnical form. Fifty pevrcent
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the Oak Ridge study that the magnitude of that is that the
airborne jodine in the containment is not to sensitive as to
whether it’s CSI or HI.

So, whether you get C8I or HI, its behavicr is
pretty much the same. Also, once you get it in containment
-= we did a lot of study on how iodine behaves in water.

Dak Ridge works in that area, and also ACE, and we know that
based on temperature, the radiation level and the pH,
icdine, I-2 can come back cut from the water pool.

Then last year, the Commission asked us to spesd
up cur research and try to complete on the icdine chemical
related to TID 14844, 30 we redirected our programs at Dak
Ridge last year. At that time, we were wrappiig up the
iodine cheaical research work; that is, the dccumenting of
all the results, We stopped that and we aske! Oak Ridge to
perform this evaluation.

(8lide.?

MR, LEE: The Oak Ridge analysis. 1 would like to
walk through with you briefly on that., The Oak Rildye only
considered the chemical speciation of the iodine as it comes
off of the RCS., And then after it comes out from the RCS,
wt leook at how the jiodine reinvelve from the water pool, and
the formation of organic icdine. The timing of the release

or the magnitude and amount of release are not considered on

the Cak Ridge study. That was done by Erpokhaven.
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thermal~nydraulics.

MR. LEE: Yes.

MR. KERR: Thar¥ you,

MR. LEE: Oak Ridge and Brookhaven use the cane
database to -~ for the study. So, they are consistent.

(8lide.)

MR. LEE: The seven seguence that were used in Oaw
Ridge was shown here. The first, Surry is a three-loop
plar, Westinghouse, the subatmospheric atmosphere in the
containment., This is a high-pressure seguence. The rext
one, A/B is a low-pressure seguence,

Then in the Grand Gulf, as you know, is a Mark III
containment, is a BWR 6, it’: a high pressure, low
pressur®». High pressure, low pressure, this is a BRW ¢,
with a Mark I containment, and for PWR with an ice
condeaser, we only use one, 850, these are the seven
sequance we use. And from these studies we obtain this
information so we can start on the calculation.

MR. KERR: Mow were those sequences chosen?

MR, LEE: They were to maximize, from the risk
point of view, that they release the most material, in terms
of iodine.

MR. KERR: Thank yocu.

MR. LEE: 8o, actually, we examined more than this

seven sequence, and we picked those seven. Dr. Kress went
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there is only about five percent that’s in tris form. ~Akay.
And this is in big contrast with what TTD=14844 prescription
is. It's alnmost a tlip-{.iop between the two distribution.
Okay.

MR. WARD: Where do organic compounds of jodine
come irto this?

Mr, LEE: We didn‘t see too much for the part that
enters iutn the containment,

MR. KRESS: Because we didn’t have -~ these
chemical forms were produced by a full kinatic cal~ulation,
chemical kinetic~ caiculation. In making such a kinetics
calculation, yea nave to define the whole set of chamical
reactions, and a se. of reactants, We did not put into
those set any organic pulling materials. 8o, obviously, we
wouldn’t get any organics out,

MR. WARD: Okay. Well, why didn‘t you? I mean,
is that «-

MR. KRES8S: 1It's because we didn’t know how to
guantify that, The feeling was that they would not be
stable in the temperatures we're talking about in the RCS.
Mostly, the organics come and are produced in the
containment anyway. And we did deal with organics in the
containment.

MR, WARD: Oh, okay. As produced in =~

MR. KRESS: As produced later.
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1 MR. WARD: Later, okay.
2 MR, KRESSE: <« when the stuff gets in the
) coentainment,
4 MR, LEE: With respect to the coentainment, most of

% them would be produced in the containmert, with the 12

6 reacting with the cable and paint services. Berides, the
7 NUKE” 11%0 has any organic zalculation.

) MR. KRESS: Yes, it does.

9 (8lide.)

10 MR. LEE!: After the jodine gets inte the water
11 poel, the phenomena that we consider are radiuviytio

12 conversion I minus to I-2 that is based on radiation dose.
13 We have new experimental data for that, both for
14 PWR and BWR. The PWR has a much larger dose rate, by 4-5
.8 megarads per hour and then for BWR it’s much less. It’s
16 less than 1 megarads per hour,

17 Those information were obtained from experiment.
18 Then the next one you have to deal with is che gas
14 ligquid partition of the icdine, That is the 1-2, how much
20 is in the gas nhase versus the one in tne liguid puase and
21 that is based cn the volume to the liquid, the pool .atio,
22 the volume ratio.

23 As you see, the larger containments, for the PUR
24 there is less liquid there so you have -~ that affexts the

2% difference between how much gas will come oat in I-2.
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icdine part, it is around 1 percent maximum,

1f you control the pH, then it is about one to two
orderg of magnitudes lower.

MR. DAVIS: Excuse me. Most of the iocdine in the
suppression pool would be ceasium iodide?

MR. LEE: No. Once it gets in there =~

MR. KRESS: Once it goes into the pool, it becomes
I minus., Then it undorgoes a series of chemical reactions
that may ~onvert it back to organics or I-2 that makes it
airborne again, so if it is in the water it may be in
several different chemical forms. If it’3 in the air it's
mostly organics or 1-2,

[§lide.)

MR. LEE: Essentially we should note that
currently all the major, the plant mitigation systems are
uptim.zed with respect to iodine is based on 1-2 form, if
you Jook at your filters and all these designs.

We understand much more about l1oaine since TID-
14844 80 we like to incorporate that into our daily
business.

(8lide. )

MR. LEE: As you know, we are proceeding with
updating the technical basis tor the source term, the so~-
called revising the old source term.

I believe a document must be sent to you already
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MR. LEE: We participate in two phases of that
program, The tirst phase was just an experiment --
defining the experiment, and that was from the period from
8% to ’'91 that were involved.

Now the experiment will be done in the second
phase, which will start next year. The first experiment is
scheduled in October of next year.

(8lide.)

MR. LEE: What is PHEBUS~FP? 1t stands for
fission preoducts, It is an integral experiment, and the
focus is on fission products chemistry, and they will study
how the fission transport is in the reactor cooling systenm,
and then once it gets into a containment system, we would
like to study the iodine chemist-y. We also expect that it
will get some core melt progression type information,
because you have to melt the core in order to generate the
fission source.

(§lide.)

MR. LEE: It uses a 2)l~rod fuel like *his. 1It’s
about one meter long, 1 mean in tarms of length, and there’s
a control rod in the middle. 8o »asically it is about this
emall, the bundle is.

[Slide.)

MR. LEE: The six tests -~ there are six tests in

the test matrix. The first one is actually a scoping test,
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samples.

(Slide.)

MR, LEE: A picture of this facility. This is
before the facility was modified. That’s the old one.

[§lide.)

MR, LEE: This is current construction going on.
This is the part where the containment will be, the vessel
will be situated.

And that’s all I need ~- I would like to tell vou
something about this program at this time, and I'm sure in
the future we’ll brief you more in detail on this program.

MR, KERR: Thank you.

Thank you very much.

Any guest.ons?

[No response. )

MR, KERR: Defining a new source term; 18 that
anticipated to be completed before the results from the
PHEBuS experiments are available?

MR, LEE: Yes.

MR. KERR: What are you goin® to do with the
results from PHEBuUS?

MR. LEE: As you know, the PHEBuS is an integral
experiment, and the da:a from there, we would like to look
at it and validate our computer codes like VICTORIA or

CONTAIN,
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The PHEBuUS project is, as an integrul exneriment,
as Richard indicated, is going to be a long=term
confirmatury program, and it always would be nice to have
data to validate the model and say that we did the right
thing, you know, that it’s like we did with the ECCS and so
on.

But we do not at this time envision our contractor
telling us that there would be any new information coming,
or surprises coming out of the PHEBuS project.

MR. WARD: So how much are you putting inteo
PHEBuS?

MR, ELTAWILA: Actually, the net payment, if you
know the nistory that the French were not part of the
Cooperative Severe Accident Research Program at NRC, so we
let them join iIn and we joined over there, and the net cost
is just a small, few dellare going across the border. But
it's $100,000.00 a year for tha next five years.

MR. KERR: One further cuestion.

My impression is the sourc. teim work you'’re
describinag is mostly applicable to existing reactors and
will have maybe peripheral relationship to new reactors?

MK, LEE: I don’t think so.

MR. ELTAWILA: We've been having discussion with
EPRI and the ALWR urcer group, and in general, most of the

work is quite applicable. The only difference is the timing
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of the release. Because of the low~power decay in the
advanced light water reactor, it takes a long time for the
fuel to heat up and start faillng. 8o the information will
be the same; hovever, the timing of the release out of the
fuel, that might be the only issue that needs to Le
addressed. But that’'s a ssparate issue from the source term
issue,

MR. KERR: For example, ls it likely that a new
defined source term will lead to request for significant
modification of emergency planning?

MR, ELTAWILA: I don’t think so.

MR, DURSON: I’'m Bradley Burson, I'm working on
the source term project with Len Sofer. And I think the
answer to your gquestion is that the revised source tarm is
nore directed toward the advanced reactors than the present
generation of plants.

The application as with regard to present
generation plants at this time is more considered to be in a
sense opticonal., 8o the focus is primarily on the advanced
plantgc.

MR. KERR: And it is unlikely that the changes
will be significart enough or that one will consider or is
likely to get requests to censider changes in emergency
plenning?

MR. BURLDN: T chink that is highly unlikely. The

R L - e e R A e e R
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basis for the development of the source term is largely
predicated on the NUREG~1150 data. And of course, that'’s
been pretty well on the market for several years,

MR, KERR: Thank you.

MR, BURSON: 1 hope that answvers your question,

MR, KERR: Are there further guestiona?

[No response., )

MR, KERR: We will recess, then, until «= the
agenda seys 1:30 «« 1'’m going to change that to 1:1%, if 1I'm
within my legal boundaries.

(Whereupon, at 12:1% p.m., the hearing was
recessed for lunch, to reconvene the same day, Thursday,

October 14, 1991, at 1:1% p.m.)
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confirmatory research to improve our understanding of melt
progression which will lead to a reduced uncertainty
associated with risk estimates from severe accidents.

Qur plan is to update the Severe Accident Research
Prograw Plan to reflect progress that has been made since
the plan was lssued in 1988, You’ve heard that mentioned
this mornine, As far as the core melt progroession part of
that plan, the fo2us four research today has primarily been
on the early phase melt progression.

.nere have been many experiments. You saw Brian's
8lid« this morring showing you the uncertainties and the
number of expeiriments in terms of early phase and late phese
core melt progression. There have been many more
experiments in the ecrly phases of melt progression and
generally wmany fewer experiments in the later phases.

The general feeling is that today there‘s a
feeling that the early phase melt proyression behavior cun
be pretty well predicted. But there are much more
uncertainties and larger guesgtions to be answered in terms
of the later phase melt progression,.

The plan, when updated, will identify and
prioritize the research that is needed, that we see as
needed, for core melt research.

MR. KERR: Under the Objective, we're improving

understanding and reducing uncertainty; is the feeling also
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risk assessments.

MR. KERR: But you can’t reduce the actual risk
unless you make physical changes to the plant; can you?

MR, WRIGHT: Okay, 1’'m sorry. I misinterpreted -~
I mis-responded to the guestion. Our assessment of the
risks, I think, can very well g~ down. %You’re quite right
that that's different from actual ris4 but our current
assessments nay very well b» nhign beravie we are tending to
assume large melt masses.

MR. KERR: 1 reconunize that, 1 was asking just a
question as to whether this research is expected to reduce
risk.

MR, WRIGHT® ©h, you mean change the plants?

MR. KERR: Whatever.

M2, RUBIN: It will lead to a better understanrding
w»f the phenomena which will lead to hopefully some improved
wargin in our risk estimates. Whether they underctand that
they’re conservative or not, ==«

MR. KERR: I'’m not suggesting that research has to
reduce risk. .’m sinmply ask if, in your view, the research
will reduce risk?

MR. RUBIN: By reducing risk, if you mean, will
there be some modifications to the plant made on the basis
of this research =~-

MR. KERR: Well, modification to the plant,
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axperinent is intended %o lead to, an answer to that
gquestion,

MR. KERR: 1@ there sume reason to believe that it
will ansver that guestion?

MR, RUBIN: VYen, tlere is, and you’ll hear more
about that ==

MR. KERR: Okay,

MR. RUBIN: =~ from the presentation =-

MR. ELTAWILA: Maybe it will be worth it to say at
this time that this program is going to undergo a peer
review and we will try to get consensug from the sclentific
community around here if thig program is going to address
most of the phenomens and going to reduce the uncertainty
further,

£0 this is the plan right nnw as we envision it
and we are undertaking the peer review for that plan right
now,

MR. KERR: Okay. Thank you,

MR. WARD: Why is core blockage important in a dry
core? When you say dry core, you mean it‘s being precocled
or ==

MR. RUBIN: 1It's more likely that you may not have
a hlockage in a dry core as compared to a severe accident
whevre you have water in the core or a sufficient amount of

ateam in .ne core to vreate a blockage.
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MR. WRIGHT: 1I'l!l be guing irto the vechnical
backyground ot all these things in detail later.

MR, RUBIN: The second erperiment planned is in
Ltae annular core research reactor at fSandia, which is to
look at melt and crust behavior where you have a blockage in
the core, And thl!s experiment will address the interaction
ot the metallic crust with the melt pool and with the crust
relocation during a severc accident.

MR. RERR: Tou say that something is addressed
decesn’t really ygive me much infermation. But I guess 1’11
walt until Mr, Wright’'s gresentation.

MR. RUBIN: We can gat into the details, but I
think you probably weuld be better off vo get a better
picture of the details, when we go into, you knuw, picture
of the experinent and wnat it actually wi'l undertake,

MR. KERR: Okay.

MR, RUBIN: This is to give you 1  tief overview
firet, and we will get into the details.

MR, KERR: 1It’s just that I’'m not sure what I’'m
getting an overview of, when the word "addressed" -«

ME. RUBIN: Hopefully, an iwmpression of the intent
of what these experiments or the obiective vf these
experiments, where they will ery co address gquestions to
answer uncertainties which we feel now are key that need to

be answered in the melt progression research area.
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Going along with the experiments and closely
coupled to them obviously are the analysis and modeling for
core melt progression,

We undertake in our core melt research program to
analyze the results of all the experiments that are
available. And the tacilities where those experiments have
been held are listed on the slide #long, obviously, also,
with the TMI~2 core examination.

These experiments are used to validate the codes
and are used to also improve the phenomenological modeling
in severe accident codes for BWRs and for PWRs.

And Mr. Catton, you mentioned five codes in terms
of core melt progrewsicen. You‘’ll hear later on m~+va about
the codes. We're focusing primarily for core mel.
progregsion on SCDAP/RELAIS and MELCOR. 1It’s the NRC~
sponsored codes for core melt progression,

MR, CATTON: I jus* mentioned a whole bunch
because they all predict essentially the same thing.

MR. RUBIN: But these are the two that we're
primarily tocusing on right now, that the NRC is sponsoring.

You’ll hear a lot more about the code
presentations tomorrow afternoo~ on each of these codes plus
the containment codes as well.

(§lide. )

MR. RUBIN: Let me continue by telling you about
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potential lower head vessel failure moces.

MR. SIESS: Does the melt progression research
then look at various stuges of progression at which it cuwule
be stopped and how, or does it just assume we’re not Joing
to do anything and let it go through until it melts the
head?

MR, ELTAWILA: Yes, 1t icoks at, for example, the
potential that the operator flood, at the late stage of the
accident, tlood the core and see what is the potential for
stopping the accident, and g0 on.

MR. RUBIN: A%t the risk of raising sor gquesntions
that were asked repeatedly to Rrian Sheron this morning, let
me just try and identify that in setting these priorities,
it’s important that we consider or the technical community
considers that the uncertainty is acceptably low or that
further reasonable expendftures will not substantially
reduce the uncertainty., That’s the gualitative criteria
that we’ll use to determine whether we will or will not fund
additional research in this area.

MR, CATTON: There are some rather interesting
arguments in one of the appendices to the scaling study that
was done. &And [ believe that it was the appendix written by
S0l Levy. And in it, that'’s where he looked at these
different codes. And he comes to some conclusions about the

whole me:* progression process. And 1 thought they were
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1f we have a different situation from the TMI or
the melt progression did not proceed the same way, we really
don’t know if the prediction of the ccde right now will
still be valid. That’s why we have an experimental progran,
te try to say that whatever we see in this code is really,
this i the hypothesis that the code developer put forth in
saying that’s how 1 perceive the accident to progress.

We don‘t have enough database to go over the late
phase melt progression, and that’s what we want to be sure
that thi. is not a unique situation that happened at TNMT,
and it is repregsentative of most of the accidents that might
happen in nuclear power plants,

MR. CATTON: 8o what I should look for are things
that would do that in this program?

MR. ELTAWILA: That'’s correct. And we will try,
and that’s whac the wheole idea that Alan was trying to put
the big picture first and before we get into the technical
details,

MR. CATTON®* I understand. OCne of the codes he
looked at was also the one that we, many of us had treatec
rather poorly. That was the source term code package codes.

MR. ELTAWILA: That’s correct.

MR, CATTON: They weren’t a whole lot different.

MR. ELTAWILA: Absolutely.

MR. CATTON: That was pre~TMI,
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MR. KERR: My experience would lead re to bB-'
that if you want to get a committee to make a decisinn
have to present them with something which already repi .. =
a lot of work on the part of some one or two individual..

If you are going to decide »n what ias an
acceptable level, I don’t think you’ll ever get a result
that means much by just asking a committee to tell me what
is an acceptable level. Somebody’s got to put in some
effort in trying to arrive at a way in which one decides
what an acceptable level is, and then try to make some
recommendations.

Unless somebody does some of that kind of that
kind of werk, I don’t think you’re going te get very much
out of a committee Or a peer review group or whatever. Do
you?

MR, RUBIN: I would agree. You certainly need to
present a plan or a deccument for review. Bob Wright and
John Kelly have prepared a draft program plan.

MR. KERR: I have seen a cdraft one which cane
alonyg with a caveat that said this is so preliminary that
it’s prokably not worth reviewing. 1 thoughit it was worth
reviewing, personally. I didn’t agree with everything, but
it seemrs to me it’s worth reviewing, which leads me to ask,
is their going to be another version scon?

ME. RUBIN: Yes there is. 1’1l get into that on
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the next slide.

MR. KERR: Okay.

MR. RUBIN: But I jusi wanted to say that. in
terms of the plan, itself, we don’t expect to develop
detailed models for all the phenomena in melt progression.
I mean, it may be that they’re bounding calculations that
can be done that shov that the uncertainties juct are not
that large in certain areas. So, we don’t expect to have
detailed models of every phencmena in the melt progression
included in this plan.

MR. DAVIS: Let me ask, if I may, related
gquestion?

MR. RUBIN: All right.

MR. DAVIS: In NUREG 1150, and other PRAs do
attempt, at least to show uncertainties in the risk
estimates. I am wondering, if you vwere to successfully
complete all of this research, how much would you expect

thuse uncertainties to be reduced?

MR. RUBIN: At this time, I don’t think I can give

you a gquantitative --

MR. DAVIS: Well then, let me ask you a different
question. Are the uacertainties that you’re talking abeout
here important to the overall risk uncertainty that’s

calculated in NYREG-11507

MR. ELTAWILA: Mr. Davis, let me try. Some cof the
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MR. CATTON: 1 actually believe you should be
finding the answer to that guestion., I’m not trying to say
you shouldn’t., I'm just wondering wha: role this core melt
progression plays in answering that question.

MR, SHERON: Well, the first thing this will tell
us is how much of the core we think will most likely come
out of the vessel when the vessel fails. We don’t know if
it’s a hundred percent, we don’t know ~- we're pretty sure
it’s not a hundred percent. We only have one data point,
it‘s called TMI. We'’re trying to understind how much
material, how much of that molten ceramic material is going
to relocate. Where are we most likely to get a crust
failure? 1Is it going to be high up on the cr st or lower
down?

Once we know how much material is in that lower
head, then we’re going to know a lot better how much is
available to go doun in the lower cavity and whether or not
that criteria if thay have is going to be any good or not.

MR. CATTON: Okay.

MR. KERR: Maybe I completely misunderstood Mr.
Davie. I thought he was addressing himself tec risk
calculations, and he was saying or was asking will this
research, or have you looked to see if this research, no
matter how it develops, will have a significant change on

the visk that is calculated given what he considers to be
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okay, based on the fact that this is a major part of the
whole severe accident area, that there is a substantial
amount of uncertainty in this latter phase of the core relt
which we don’t -~ 1 could probably tell you right now =« I
d:n’t think was handled in a way that most people would have
siked te see it handled in 115%0.

It was based on subjective judgment with no data,
what pecple think happens.

MR. KERR: What was based on subjective judgment?

MR. SHERON: I think the uncertainties in most of
the core melt progression -«

MR, KERR: No, but it is not unreasonable it scems
to me to expect, and T would hope that you’d dore this, that
before you plan your research program you will have had
somebody rather systematically look at the various estimates
of risk that exist and try to identify those areas from
which the greatest uncertainty comes, be it due to expert
judgment or wnatever.

MR. SHERON: 1It’s a matter of one’s perception of
uncertainty though, Bill,

MR. KERR: Beg pardon?

MR. SHERON: I could argue right now that reactor
vessel fa.lure doesn’t show up in risk studies as a major
contributor unless the likelihood of the vessel failing goes

up, like if we start worlrying about embrittloment and stuff
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an update of the severe accident research plan.

MR. KERR: Any further gquestions of Mr. Rubin?

[No response, )

MR. KERR: Thank you, sir.

MR, TINKLER: 1 am Charlie Tinker from the Staff,
and 1 would just like to comment a little bit about the
debris cooclability.

MR. KERR: Please stick clese to that mike, so
that we can hear you.

MR. TINKLER: 1I’d like to comment briefly about
the remarks on the general subject of debris coolability.

It was noted that the design criteria for debris coolability
that has been otfered hy industry is a criteria that is
irrespective of debris depths.

There is scme relevance to core melt progression
in terms of the amount of cor: that relocates to the floor,
While the specific power density does not change whether yvou
relt S0 percent and relocate it or 100 percent of the core,
the demonstration of coolability of 50 percent of the core,
should it form a 20 centimeter deep debris bed does not
assuredly demonstrate coolability if 100 percent of the core
relocates and forms a 40 centimeter deep debris bed. There
are implicaticns of that.

MR. CATTON: I wouldn’t disagree with that.

MR. TINKLER: Well, there seemed to be some notion
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eventvally geing to be used, and if the work is to be used
primarily to verify the code, then the code will tell ycu
what happens if you follow a preset set of initial
conditions and a decided-upon core structure and so on.

But everitunlly somebody has to make a decision.
Dn we lcok at the worst case, the most representative case?
I mean, how -~

MR, WRIGHT: Let me jump ahead and try to answer
the first part of your guestion.

MR. EKERR: All right.

MP. WRIGHT: About how things get used, because
Dr. Catton was asking that earlier also.

It seems tc me that what we’re doing here is
developing a technical understanding of the governing
processcs. And then we are developing phenomenological
mcdels, simplified models, not big systems codes, but models
of the geverning behavior.

Then we can use that to assess the modelings that
are in the current codes. Js it adequate? And "adeguate"
means not having all the details, but does it give the right
range?

MR, KERR: No, but it seems to me --

MR, WRIGHT: Maybe you need parametric¢ inputs

that’s sufficient for the codes.

Mk, KERR: We wili a1l agree, I think, that the
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codes will never be perfect.

MR. WRIGHT: They can’t be.

MR. KERR: Okay. Now that then says that we need
to design the codes for the way in which they’re going to be
used, insofar as we can. And if thev’'re not perfect, we
want their major contribution to he in those areas where we
want to get information.

This, it seems to ne, assumes that one knowt how
these codes are going to bhe used in licensing or accident
management or whatever.

Now what I want to try to figure out is are you
trying to design a code that will tell you something about
the worst case or the bhest case or the average case, or have
veu decided?

MR. WRIGHT: 1In nelt pregression research we are
not designing the codes. That is a separate guestion and
maybe 1711 buck that off to Farouk.

MR. ELTAWILA: The code that we envision that
would be used for calculating the progression for any
scenario identified by the PRA as a dominant scenar.o 80
whether it is unmitigating scenario or a mitigated scenario,
so we’ll try to provide data in the different area that if
it is, let’s say, a station blackout scenarioc, unmitigated,
we want the code to be able to do that as much as it can do,

a scenario that the operator can reflood the core and
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don’t know where you are in your codes unless you have a
technical basis for understanding and that is the purpose of
the research.

I don't know whether 1 got there or not.

MR. KERR: Well, see, I don’t know how much you
need to understand in order to have a technical basis for
the codes. Do you know how much you need to understand?

MR. WRIGHT: When 1 see assumpticns on the melt
mass from 20 percent to 100 percent, I think that we need to
understand that better probably.

MR. KERR: But isn’t it possible that you could
have scenarios in which you got both of those? I mean you
have got 20 in one case and 75 percent in another?

MR. WRIGHT: Yes. 1If you have the mechanistic
understanding then you vary with scenario and you should be
able to reduce your uncertainty range and in many ~-- there
1s a question of margin and there are guestiuvns of
thresholds where factors of CA-2 are more in melt mass could
be quite significant.

MR. KERR: 1It’s clear that we can have core melt
scenarios in which you get zero release and I would guess
that one could postulate at least one in which you got
almost 100 percent release so this whole spectrum -- I just
say I don’t see how a research program is going to tell you

how much release will occur unless you specify a seguence.









7

9
10
11
12
13

14

16
&
18
19
20
21
a2
23
24

25

194

That is the second purpose of using the code, so
not all the uses of the code is in determining the mass
compesition as it enters the containment, We are not
assuming that every severe accident scenario is goiny to
lead into lower head vessel failure.

MR. KERR: Please continue.

(8lide.)

MR. WRIGHT: As I thin) has been nentioned, the
melt progression research is part of long~term confirmatory
research. It‘s not short-term issue closure, Nevertheless,
we think that it is important and appropriate to focus on
the most important uncertainties, and we have tended to use
the word “issues" here, with maybe two meanings, that
require resolution, in order to provide a reasonable
mechanistic understanding of the melt progression
progresses.

S0 when we're talking about issues here, we're noct
talking about the short~term issues; we're talking about
major uncertainties.

And in particular, unprioritized laundry lists of
technical uncertainties are nct usetul Iin guidin® research.
You have to go throuagh on what is significant and set up
priorities and focus on the major issues in terms (f risk
significance. And we have endeavored strongly to do that,

S§o we're focusing our research effort on two key issues for
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resolution in that sense, and then additional secondary
uncertainties that we’re monitoring but we’re not currently
doing research on.

And these two key issues stated in general terms
are the conditjons for the occurrence of a blocked core,
such as happened at TMI-2., The negative is really the more
operational end of this. Or the conditions in which you do
not get blocked core, in particular, under BWR dry core
conditions that we’‘re going te come back to do you get melt
drainage, metallic melt drainage from the core without
forming cote blockage.

The second one is ceramic pool meltthrough from a
blocked core, The threshold of meltthrough and the failure
location, because these determine the melt mass that has
built un before you get faiiure in drainage from the core,

MR. KEKR: Do those two issues have any bearing on
accident management?

MR. WRIGHT: Yes. Because in the different times
at which you reflood a core, you're dealing with different
conditions., And in order to asses the conseguences of your
reflood, yosu need to know something about the state of the
core at the time of reflood.

And 1f you have a blocked core with a big buildup
of a melt pool, as at Three-Mile Is.and, versus drainage

from the core, you’'re dealing with a guite different
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situation for reflood,

(8lide. )

MR, WRIGHT: The research needs in me.t
progression.

1 think we’ve talked about this. We need a
technica)l basis for determining the characteristics of the
melt released. And ! mentioned this earlier from the side
mike. I think we have a major goa! or prize, if you will ==
that’s not quite the right word -« for this research, in
that Three~Mile Island it was observed that the melt
released from the core was only 20 percent of the melt mass.
It wasn’t the 75 percent or 100 percent or 60 percent that
is currently assumed in many analyses of severe accident
behavior,

A major part of what we’re doing is to try Lo get
a technical basis to extend the very important experimental
point, and it’s more general -- I shouldn’t say point ==~
general behavior that we observed at Three-Mile Island, find
the range of applicability of these low melt releases
masses, and also the low metal content, for our assessment
of severe accidents in general.

So I think that there is a payoff in this research
to try and make more useful the very important observation
we had at Three-Mile Island, 1It'’s very important for the

assessment of DCAH which is very sensitive to metal content
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as well as melt mass, for melt-concrete interactions, and so
forth.

MR. KERR: 1In reference to the first sub-bullet,
you will, as a result of this research, be able to say 20
percent is not the right number, what we get is something
between 20 percent and 70 percent, let’s say.

MR, WRIGHT: My reaction is different from yours
in asking that question.

I think that I’'m not concerned whether it’s 20
percent or 25 percent or even 30 percent, 1 am concerned
about the range of accident conditions over which this
result is generally applicable.

MR. KERR: Which result?

MR, WRIGHT: The low melt release fraction, also
the low melt content,

We have one result, Three-Mile Island. How
gene.ally applicable is that? We need to have an
understandino of the governing processes in order to really
with confidence be able to apply this information that we've
obtained from Three~Mile Island.

MR. DAVIS: But Bob, correct me if I'm wrong, but
Three~Mile Island was a pretty unigue situation. They only
had two to three months burnup on the core and they had also
some water added to the vessel during the melt ==

MR. WRIGHT: I’m going to come back to that, if
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And then when you fail the lowoar vessel head, what
comes out is it’s lower tempecature nmelt, but It starts out
as being mostly metullic and very, very different, and
highly consequential result.

So this is the purpose, the importance of this
issue, And as 1 said, the primary concern is the BWR dry
core conditions following the ADS blowdown.

MR. KERR: 1Is it your expectation that you’ll find
that for some cores, say the BWR core, you will always get
one of those and it won'’t be possible to get either or maybe
even all three?

MR, WRIGHT: What happens in a BWR when you
depressurize -~

MR. KERR: No, I’'m not asking you how you reach
the conclusions, but ==

MR. WRIGHT: The conclusion is, well, in a BWR, if
you do not get ADS blowdown, it certainly appears that you
get a blocked core, for the same reason you do in a PWR.

And conversely, if you depressurize a PWR, it appears as if
you go into the dry core scenario.

MR. KERR: Are you going to try to do research to
confirm both or those or one of them?

MR, WRIGHT: We are taking the most important
case, which is the dry core BWR, to assess the Llockage cr

drainage int that case.
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infoimation.

I think it is very useful and very interesting
information and why don’t you go on from there?

MR, WRIGHT: There are a couple important points.

I think it helps because it is behind a lot of
other things.

MR. KERR: All right,.

MR, WRIGHT: In the middle here, around 2000~2200K
is zirconium, zircalloy, which melts at this intermediate
temperature.

Then we have eutectic interactions of control rod
materials with the zircalloy that melt in the lower
temperatures first,

Now coming back up, in an accident when you get up
from decay heat to these levels you start to lose your core
geometry. The control materials start to go. In a BWR you
may lose your poison.

You have the rapid oxidation transient that takes
you up into the zircalloy melting.

Nov these metallic materials have gone down in a
boil-down accident with water in the cecre. They freeze out
and form this lower metallic crust of blockage.

They have separated the metal from the ceramic and
then later on you get up with a debris bed fecrmation and

melting the ceramic .nd you have separated the materials.
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mass you have built up before you melt out and that is why
we are interested in the process of melt-out or melt-through
of the ceramic melt pool through the metallic crust and, as
we learned, around the ceramic melt pool there is also
ceramic crust.,

1f we melt through early, weé don’t have much melt
mass release. If we melt through late, then we build up a
large mass which is suddenly drained,

MR. KERR: 1s there some reason for you to believe
that if you had exactly the same vessel core and operating
¢’ nditions and went through this same scenario again you
would get exactly the same formation?

M4, WRIGHT: 1If you will take the word "exactly"
out, I would say ves.

This paliern of behavior of the buildup of the
oxidation transient and the buildup ¢f a block core with
relocated metallic melt has been seen in all the PBF tests
and the CORA test and the LOFT-FP-2 tests and the ACRRDF
tests, also in a modified form in the NRU tests == in
everything that we have done but all of the data is for wet
core conditions, of the boil-down conditions.

That part of it cirtainly has much, much
experimental basis for believing it happens.

Now the cother part of the detailed behavior of the

melt pool, this is the only data that we have except, well,
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sooner and I1'11 not go into this unless pushed,

MR. DAVIS8: Bob, do you know how cliose the vissel
was to fajling? Has that determination been uade?

MR. WRIGHT: The answer (s very close and anything
more I would defer to someone e.ise.

MR. CATTON: The shape of that pool would depend
guite 3 bit also on the peaking, because if the power
profile is highly peaked, it would tend to penetrate more in
the center and not so much toward the walls,

MR, WRIGHT: Oh, yes, yes. And it's also
depende t on the natural circulation.

MR. CATTON: 8o the interest is te know what the
prefile looked like here, becausz if it was very flat =--

MR. WRIGHT: VYes, it was pretty flat,

MR. CATTON: It wae pretty flat?

MR. WRIGHT: BWR,

MR, CATTON: Then penetrating the wall, that'’s the
reason for {t,

MR. WRIGHT: Okay. Well, 1’ve got another point
here 1 want to make,

MR. CATTON: It would be nice to see, just for me
the lines of constant power profile put on tep of that
picture.

MR. KERR: Don’t do it, Bob,

MR, WRIGHT: I can’t answer ==
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detalled understanding of the heat transfer process.

MR. WRIGHT: Yes.

MR. CATTON: I look forward to seeing how you’re
going to get them.

MR. WRIGHT: Okay. W¥Well, 1 may not satisfy you,
but that’s coming up.

[Slide.)

MR. WRIGHT: lere is a brief summary of the
current status of understanding. There are many things that
we do know about melt progression. And this is broken down,
and the correspondence ieg pretty good.

In the reasonably well-understood things, which
are in the early or metallic melt phase ~- and thecy .2iude
clad ballouning and the intact geometry oxidation and
hydrogen generation here. The U02 ligquefaction or
dissolution in molten zircalloy, which happens. There are
many eutectic material interactions, particularly with the
control rod materials, amongst the various components.
Those interactions and governing rates are fairly well
understood,

An important point is that the compartmentalized
BWR core, which in the past was often assumed to maintain
that compartmentalized structure through an accident,
doesn’'t. Even early in the oxidation transient, you get a

B4C stainless eutectic that then attacks the zircalloy
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much, and it was better to put them on one slide

MR, SIESS: 8o there is some uncertainty in this
definition of four accidert conditions?

MEk. WRIGHT: Yes.

MR. SBTESS: Have you quantified the uncertainty.

MR. WRIGHT: For example, 1 think it would be very
useful to know the boundaries here in which reflooding will
promptly turn the temperatures over an’ which it won’t, But
that'’s rerlly not what I’'’m talking about ,ocay.

MR. SIESS: That'’s not what you'’re talking about.
You're enly talking about these four conditions?

MR. WRIGHT: Well, I'm mentioning that when you
view th2 melt progression, it’s useful 4o keep in mind that
theee are diflerent conditions.

MR, BEYIESS: For me to keep in mind, or for you %o
reep in mind, or for the person managing the accident?

MR. WRIGHT* Well, of course, before he'. managed
it, he's dnaling ~~ no. 1 think it’s clear that the
operator is going to put water in the core whenever he can.
And the question is for accident waragement assessment
knowing the consequences of that action.

And 1 think it's important to know that under
Three Mile I[sland-like conditions, putting the water in
doesn’t stop the nelt progression and does not guarantee

that you will not melt thvough the vassel.
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MR, SITAWILA: It did guarantee that it did not
melt through the vessel.

MR. WRIGHT: No, it did not., It did not guarantewe
it, It was very touch-and-go, and they didn’t know it at
the time.

MR. KERR: 1t must have guaranteed it, because it
didn’t happen.

AR, ELTAWILA: 1t didn’t happen, yes.

MR, WRIGHT: No. At the time of the action, it
didn’t guaranutee it.

MR. KERR: Well, it sure did.

MR, WRIGHT: No, a4t the time they reflonded it was
not known, because it was ==

MR. ELTAWILA: It did melt through, so ==~

MR, WRI{ .: 1t did not melt through, but that was
later in time.

MR. ELTAWILA: That'’s fine.

MR. WRIGHT: It came awfully close.

MR. KERR: 1If they had known what you know now,
would they have not put water in the =-=-

MR. WRIGHT: Oh, ne. They’d have put water in,

Of course, they would have, you know, close® that block
valve early on, prevented the whole mess.

(§lide.)

MR. WRIGHT: This viewgraph just illustrates these
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maybe to "uncertainty" from “"disagreement.,"

MR. KERR: O\ay.

MR, HODGE: 1I'm Steve Hodge from Oak Ridge
National Laboratory.

We've been engaged in stud_ ing boiling water
reactors since about 1980, when the SAS)\ program was first
set up. At that time, Larry Ott was assigned the
responsibility for writing code models which ultimately went
into a code that some of Jou may have heard of called BWR~
SAR, or boiling water reactor, severe accident response
code.

Thie coae r+->dicts that the continuous relocation
of material downward in the boiling water reactor, chiefly
ag a result of the fact that the core is completely dry,
including the core plate and the wa'cr level is some foot,
foot and half bkeneath the core plate.

Core debris, therefore -- and also based upon the
fact that the BWR is much more open with the individual
channel boxes and the open spaces for control blades in
between the channel boxes «- lead to more proclivity for
molten metals, which are the iritial things that melt, to
run down and continue load upon the core plate, overheat and
fail the coure plate, and fall into other water in the lower
plenum wvhere they are gquenched. So that the metals enter

the lower plenum first, followed later by the ceramic
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they don’t agree, dc you run a third to see =~

MR. WRIGHT: 1 would not propose, if I have the
say on this, to run two experiments under identical
conditions to look for statistical consistency. I think
we're lecoking ==~ I don‘t “hink we’re doing statistical
experiments, I think we’re icoking for governing phenomena.
And there are other parameters like melt compcsition and
melt superheat and melt rate that 1 thinv are more important
than trying te do a reproouceability check.

MR. KERR: 1I’m just trying to get your ideas.
Your idea of statistics is somewhat dilferent from mine.
But I'm just trying to get an understanding of how many
experiments it will take.

I mean, presumably you’re trying to determine when
a core blockage will occur. I’'m just curious ==

MR. WRIGHT: The conditions under which it will
occur, which is different from the way you stated it. I can
set up the conditions at which it will occur.

MR. KERR: Okay.

MR. A "T180N: May I make a comment? Chris Allison
from Idaho National Engineering Laboratory.

MR. WRIGHT: Sorry, Chris.

MR. ALLISON: And I'm on the ocher sicue from Steve
Hodge. Our speculaticn i3 that the BWRs will alss biock

ruch like TMI. But it comet back to, 1 think, two basic
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technical issues.

One 18, we know from the early melt phase
experiments, both BWR and PWR, the control material nmelts
out very quickly, both the PWR and the BWR. That melts out
well before the fuel rods rtart toc relocate. So that’s one
thing that we do know.

But as S$teve pointed out, in the BWR when the
control blade is gone, you have a much wider gap. 8o in my
perspective, the taechnical issue is: Is there sufficient
melt relocating when the fuel rods start to relosate, once
the contrel rods have nmoved, to bridge that gap and form the
crust?

The XR 2xgperiments are really designed to look at
that, and 1 believe they can be designed ir such a way that
they can run the first experiment to an extreme to test one
hypothesis or the other. And if they show that that test
proves that, then perhaps they only need to run one other.

But I think that first test wiil be very critical,
if it’s desigred in such a way as to emphasize blockace or
not blockage.

MR. KERR: So one experiment, in your view, would

do it?

MR. ALLISON: If it confirms that hypothesis.
MR. KERR: [Laughing] Wait a n ate.

MR. ALLISON: Okay. 1If, for example, I make -~
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MR. ALLISON: 1 think that that initial design
will be a consensus design. I think that Steve Hodge and
Sandia and a number of people will have input into that.

MR. SIES8S: Do you think they cculd agree on the
crucial experiment?

MR. ALLISON: Well, I think they =--

MR. SIESS: As you would describe it.

MR. ALLISON: Yes. I believe that first test will
be a consensus test,

MR. SIESS: Has it ever occurred to anybody that
the testing may actually increase the uncertainty rz.ner
than decrease it?

MR. ELTAWILA: That'’s what we’ve been discovering,
yes,

MR. ALLISON: There are always ==~

MR. SIESS: I wmean, you’ve been making ==~

MR. ELTAWILA: The more we do experiments, the
more we find uncertainty.

But let me go back to the Ex-Reactor experiment,
and I will be blunt with you that the peer reviewers have
not believed that tris exveriment is going to provide us
with all the necessary information, and we’re going to take
a closer lock at this experiment before we go ahead and
conduct it. 8So we are not jumping inte that, that this

experiment is going to prove or disprove a hypothesis.
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MR. S1ESS: Excuse me.

MR. WRIGHT: Okay.

MR. SI1ESS:
MR. WRIGHT: Yes.
MR. SIESS: Could you =

MR. WRIGHT:

The words are up there,

230

ey~reactor.

Qut of pile?

MR. BIESS: What?
MR. WRIGHT: oOut of pile.
MR. SIESS:

MR. WRIGHT: Oh,

it’s in-vessel,.

But inside the vessel?

It’s an ex~-

reactor experiment of an in-vessel phenomena.

MR. SIESS: Okay.

MR. WRIGHT: Yes.
pile a couple of years ago,

MR. SIESS: All right.
MR. WRIGHT: All right.
up he.e, although the order isn’t
One of the things we've

this melt relocation and blockage

media modelling rather than the geometric descriptions,

Somebody didn’t

2

1ike out of

and it got switched over.

1’11 go ahead and finish
the best,
been doing is assessing
formation by a porous

and

the initial -~ the porous media modelling requires .ess

detail and the initial results have been favorable.

It includes =-- this is for the metallic melt

relocation and the freezing and the gquestion of blocking

fully across.

It includes capillary effects,

and I guess






9

10

11

12

14

15

16

17

18

19

20

232
these kinds of variations, like composition, which a2ffects
contact angle and things like that.

MR. CORRADINI: Bob, isn’t it fair to say, though,
that you’re going to have to have a prettiy dramatic -« I’'m
taking another attack at it. If you’re going to hypothesize
a result, you're tc have to have a pretty clearly
unambiguous, dramat measurable result to say that this
test is a success, or am I misinterpreting it?

1’m listening to what you are saying, and 1
conclude that unless something is clearly one way or the
other, any ambiguous result is going to result in
gualitative data that you really can’t -«

MR. WRICHT: Well -~

MR. CORRADINI: -~ you can’t dissect and
understand from. Am I missing it?

MR. WRIGHT: 1 think that we’re going to get =-- we
will see =~ I think we will see either a drainage o
blockage, and if it’s -~ I think we’l]l see how this system
~=- and T haven’t talked about the complex geometry, the core
nlate ~~ how it behaves. I think we’ll know so much more
after that in our technical assessment of the problem, and
either we may -~ I think after the irst experiment, we
won’t re able to say, "This i€ the way all BWRs behave under
all conditions."

MR. KERR: Okay. 8o the experiment is not just
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one section of a control blade. There is a missing blade
here. There is none. Then the next contreol blade is
centered over here. Now, what we are¢ modelling is
essentially this much of the system, and in radial extent.

Now, what we’re doing axially is the fol. 'owing.
We’re taking =~ you’ll notice that because of the BWR, the
way they’re -- the control rods and the boiling, the decay
heat curve gives you an axial temperature distribution that
looks like this, Different curves are for different points,
the blade and in the box, but the important point is you
have the high temperature gradient at which freezing might
occur in the lower guarter of the core.

So what we're doing is, the experiment is this,
and then we dribble in metallic melt at this point,
corresponding te the characteristics that we get from the
CORA test, metallurgical examination of the melt in the CORA
test, so that we have the right material for contact angle.
That’s the general idea of the experiment.

(Slide.)

MR. WRIGH"™: A cross section =-- this is the real
design of the experiment. Here’s a blade around the corner
into the unbladed gap, and the corresponding fuel rods and
the fuel-rodded section on the other side of the gap, and
the dribbling, the pour, intc the -~ the original pour is

inte the blade -- intc the gap section, and later on a
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MR. CORRADIWI: That was clear from ==

MR. WRIGHT: Now =~

MR. CORRADINI: That was clear from past tests?

MR. WRIGHT: Well =~ -

MR. CORRADINI: What I'm asking ==~

MR. WRIGHT: Okay.

MR. CORRADPINI: I’'m not trying to prese on the
peint now, but what I‘m asking i{s, if you’ve done four
tests, is it -~

MR. WRIGHT: They were all PUWR,

MR. CORRADINI: 1It’s the same material. We’'re
talking now relative masses.

MR. WRIGHT: No. No, The BWR, the -~ you’ve got
the control blade with the boron and stainless. You‘’ve got
the open gap geometry and you’ve got a lot more zircalloy,
and the blockage thing is, =~

MR. CORRADINI: I understand.

MR. WRIGHT: =+~ as you heard on BWRs, that's
important.

MR. CORRADINI: I understand. Maybe I'm beating
this to death. If you have some knowledge, empirical
knowledge from four previous tests, and there must have been
calculations that have gone with this, I assume, what do
those calculations and the previous empirical knowledge tell

you should happen in this fifth test?
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melts through is the thresheld. Maybe I’'m not using the
language right., 1 don’t know.

There are three major determinants or inputs on
this failure thresholi as it appears to, I1'l]l say, to nme.
One is this question ¢“ whether boil down ig lowering the
vore water level or whether it is fixed by reflooding as it
was at TMI~2,

The se~ond is the surface heat flux distribution
from the internaily hented amelt pool Lecause of a natural
circulation withir the pool. That determines, then, the
thermal loads around t .» bourndary of the pocl,

The third one is (!« uctual procees of meltthrough
of this complex structure, which is the puol, the vceramic
crust intervening debris bedded until the pool expands at
least int. the metallic crust, Thig structure is supported
by the fuel rod stubs, and they are very strong and very
massive.

It’s behavior of that system that we need to be
eble to model in sowe sensne to detarmine this threshold., We
don’t need a high precision, but we need to know the
governing phenomena, what’s really happening.

Now, the process that seems to be happening is
that as the pool expunds the crust, it melts from the inside
andd gets thin, and then it melts through and you get ooze

soming out and then refreezing. so that you get a relocation
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downward, a remelting and » relocation and a refreezing.

We see that in metallic vrusts in still is what
early phase melt progression and in their formation, but we
Adon‘t == we can’t describe quantitatively this proecess in
any reassnable way. We don’t know what'’s running the show,

S0 that is the third point here, and that is the
none that we are currently investigating experimentally.

One point here that’‘s significant is that the
material interactions between the contrel rod material and
"he z2ircalloy and the zircalloy cladding on the rod stubs
and potentially between the ceramic ¢rust and the metallice
crust, these material interactions play an unknown eflect,
but they =-- we don'* have an idea of what's governing hare,
but they may well be -~ they appear to be significant, and a
little bt of data from PIE can be a big helip in this
regard.

MR. KERR: Bob, my aganda shows your finishing
about 3:30, and when I look at the clock and your set of
slides ~~-

MR. WRIGHT: I’'m cluse,.

MK. KERR: Okay.

MR, WRIGHT: Yes. At 2:30, I think 1’11 be
finished.

MR. KERR: All right.

(8lide.)
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In this situation, we have ne choice, We are
forced to break the problem down and do it in pieces and
look at the pieces, and that’s what's being done here,

1 should also point out that that’s not unique to
late phase melt progression. You have the same problem on,
say, any experiments on the melt attack on the lower vessel
head, including the natural ~--

MR. KERR: Why don’t we stipusate that it'’s
difficult and that it’s not the first time, and tell us what
you’'re geing to do.

MR, WRIGHT: Okay. But this is not unique,
breaking the problem up into pieces, and it'’s often ignored
that small scale pools, you cannot get the convection with
internal heating that scales right, so you have to deo it in
pieces.

All right., We are performing two of the
experimente in ACRR, the MP experiments on the process of

this meltthrough, the cross relocation and failure dynamics.

The MP~1 experiment was performed in December ‘B9,
and MP-2 is scheduled for early 1992. 1711 describe these
experiments next.

In addition, we have the debris porous media model
of late phase melt progression, which 1s different frocm the

metallic melt relocation of bleockage porous media modelling
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although the physice are similar.

This treats the ceramic phase. It treats a debris
bed, a ceramic particulate debrie with a growing melt pool.
1t does the melt relocation if things freeze. They freeze,
ceramic crusts automatically form. You can put in the
metallic crust, you can put in the structural geometry.

This has been the phenomenoclogical tool that we
have used thus far in approaching this problem, and I will
show you how well it fits in the MP-1 results in just a
minute.

Now, the debris modelling ~~ this isn’t a code.
This is -~ well, you run it on a computer, but it’s not a
code development effort. Although the original physice was
put together as a part of MELPROG, it’s no longer that, and
it's used to address the phenomenoloygy. In particular, in
its current form, it incorporateu the MP experiment boundary
conditions, initial conditions and structures and so forth.

S0 what we're trying to do is get a validated
model of the governing phenomenology. Then, with that
validated model, you can =-- we will be in a position to
assess the modelling that’s in the codes, the current codes
== in particular, SCDAP/RELAPS ~- and see if it is adequate.

I1f it is not adeguate, than something, some of the
phcnomvnoloqy from the experiments and the debris o» other

modelling, would be incorporated intoc the codes. It might
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be incorporated sinmply as parametric inputs. It might be
incorporated as simplified models. But I think the
important thing is that you have a technological basis that
qoes beyond whit you have in your simplified systems codes.

(Blide.)

MR, WRIGHT: All right. This is a description of
these two experiments, and we talked about what the purpose
is, and it’s to get the ji' ‘crnation for determining the melt
mass and other character.stics on meltthrough from a core.

The experiment jig a particulate ceramic debris bed
inside it, which a arowing pool grows from fission heuting
of the U02, the U02 in the debris, The U02 is dissolved in
the V02 crust. The UO2 in the fuel rod stops.

Fission heating provides the internal heat
generation which is necessary to describe these processes.
You can’t really do them in a furnace because you need the
temperature distributions to drive the melting and the
freezing and the relocation behavior.

The experiment has extensive characterization of
internal temperatures with special high temperature
thermocouples, the high purity thermocouples which we’ve had
survive on MP-1., None of them fail, althocugh the melt pool
-~ we had a substantial melt pool for over 20 minutes. They
are vey, very good. From those, you back out the

temperature distributions,
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Most of the information comes from the PIE. You
cut it up, you examine it, and then you look at the material
compositions.

MP1 had a eutectic zirconium U0O2 metallic crust,.
That'’s -~ I’ve forgotten -~ that’s about ten molo percent
U02 in the zircalloy == that number ten is off somewhat =~
with a melting point around 2100K, MP-2 has a prototypic
TM1-2 metallic crust, including the¢ control rod materials.

MP«1, we had an early shutdown because in the
design of the experiment, we reached the safety limit., 1’11
show you a wall. It turned out the insulation, the 2r-02
insulation had a lower conductivity than had been tested.
Of course, we were running it way beyond limits at which
tests had been run, 8n we had an early shutdown and did not
get as far into the accident condi*ion as we would have
liked,

As 1 said, following the performance of MP-2, the
Melt Progression Review Group will analyze the problem, the
results of MP-2, do reanalysis, and decide on the further
continuation -~ what we’re going to do in late phase melt ==
continued melt -~ continued work on late phase work
progression.

(§lide. )

MR, WRIGHT: Sandia furnished me this colored

viewgraph -~ we don’t make things like this at NRC ==
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showing the layout of MP-2.

Here is a particular debris bed. There are 32 rod
stubs, which is the size of the PBF experiments. Here ir
the precast metallic crust with the control rod materials
and the dissolved UO2 in it, and the thermocouple array is
shown in these black dots from which you can block out, end
it’s done on line what the temperature distribution is
during the experiment on making decisions on operation of
the test as well as for post-test analysis.

On MP~1, this tantalum shield ot up to its pre-
agreed limits, sc they had to shut down, and the design has
been changed so that won'’t happen again.

MR. KERR: Move to your conclusions as soon as you
can, please, Bob.

[§lide. )

MR. WRIGHT: Right. 1 really am. The results of
MP-1 =~ here is a cross section with the debris, and here is
the ceramic melt pool, the gap from densification. Of
course, this is non~prototypic because the debris bed is
held up by the side of the pool.

Here are the rod stubs, and the metallic debris
bed that was just reaching -- the metallic crust reaching
melting at its surface, and over here are shown the
calculated by the debris medel and the measured densities in

this system with the black is the calculated, and then this
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is the measured material density distribution.

There is also one I won‘t show out -« two-thirds
of the way out to the edge.

([S§lide. )

MR. WRIGHT: This is a list of the current
uncertaintias and where research is Leing done on them, both
in the conditions for the occurrence of the blocked cores,
and there is work, much of it not extunsive, on remaining
uncertainties, and then in the late phase relt progression,
the ceramic melt phase. I will not go into that unless
somebody asks specifically for details., It’s available.

{Slide. )

MR, WRIGHT: We were asked to give you some
comments on the applicability of the research to ELWRs and
ALWRs., This summarizes that situation,.

Essentially, the general phenomenclogy of melt
progression is directly applicable. To the e¢xtent that
mechanistic models are available, they can be used directly
for the advanced reactors., Particularly the core heat-up
and hydrogen generation models are directly applicable, all
the fixed geometry stuff.

MR. KERR: Bob, what we had hoped to get was how
they were going to be used. What you are giving me is how
they might be used, and perhaps that’s all you can say. 1If

g0, that'’s =~
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bet a beer that you would, but it needs to be looked at.

That’s it. I thank you.

MR. KERR: Thank you, sir. We will now take a 16~
minute break and convene again at ten minutes of,

[Recess, |

MR. KERR: We are ready to begin with direct
containment heating at future plants. Mr. Tinkler, Mr.
Shotkin. Mr, Shotkin.

[§lide.)

MR, SHOTKIN: I will be talking about the accident
management utrategy of depressurization.

[Elide. )

MR, SHOTKIN: First, what 1’'d like to do is put
this in perspective of the DCH issuve.

MR. KERR: Whose perspective 1s this?

MR. SHOTKIN: This will be my attempt to give the
ACRS a perspective of where the depressurization strategy
fits into the DCH issue.

MR. KERR: Thank you.

MR, SHOTKIN: There are three main guestions
related to resolving the DCH issue. The first looks at the
likelihood that there could be high pressure melt ejection,
and whether tnis could be reduced by depressurization.

When I talk about depressurization, I will be

talking about both intentiovnal depressurization and
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unintentional depressurization caused by natural
circulation,

A second question is, 1f depresgurization does not
oceur, will there be high pressure nelt ajection, and can
this lead to unacceptahle containment loads due to DCH?

The final question relates to, what is the risk
agsessment of the depressurizatl ' strategy which looks at
not only depressurization, but alsc probability of many
other things occurring while the operator may be thinking
about this strategy.

Fhirs talk will discuss items 1 and 3, and the
other talks will concentrate on Item 2.

[Slide. )

MR. SHOTKIN: Another way to look at this is that
there are three phases that can affect an early centainment
failure from DCH, and tnis tries to lead you into the way
we're using risk to look at this, or probability.

The first guestion is, what is the probability
that there could be a core melt sequence that keeps the
reactor coclant system at high pressure? As you might
imagine, there’s very little probability that this might
oceur,

The second, and the second box ic where I will be
concentrating, is what is the conditional probability that

the sequence stays at high pressure? In other worde, that
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there is no depressurization.

Finally, if there is high pressure melt ejection
or vessel failure, what is the conditional probability that
the containment fails due to DCH?

In this thivd box, there are contained several
conditional probabilities which I won’t get into. There's
the conditional probability of high pressure nmelt ejection,
conditional probability of direct containment heating,
conditiona) probability that theie¢ could be hydrogen over=
pressurization, and finally the structural respcnse itself.

The no dapressurization .onditional probability
consists of two parts, and first ie the failure to passively
depressurize, which means that outside the operator'’s
control, there could be large punmp seal LOCA, there could be
a stuck open relief valve, and there could be nacural
circulation temperature=-induced failures, which you have put
on the agenda as natural circulation.

Second, there’s the failure to intentionally
depressurize. That'’s an operator action.

If the product of these three probabilities is low
enough, then the DCH caused containment failure is of little
concern, and as we try to resolve the DCH issue or put it to
bed, we will be looking at it in a way similar to the way
this viewgraph has it.

[Slide. )
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Germans have a sealed lower cavity.

MR. CATTON: I’'’m talking 1:st abhout the ==

MR, SHERON: 1They have a high preasure melt
ejection.

MR. CATTON: I underetand that,

MR. SHERON: Okay.

MR, CATTON: 1 understand why they depressurize.

MR. SHERON: Okay.

MR. CATTON: 1It’s this last conclugion ==

MK. SHOTKIN: Oh, the steam explosion.

MR, CATTON: == about the in-vessel steam
explosion,

MR, SHOTKIN: Oh. Okav,.

MR, CATTON: They feel that it’s seriocus and I'm
wondering what the differences are. Are they just being
conservative?

MR, ELTAWILA: I think it’s corservatism in the
analysis.

MR. SHOTKIN: From what I have seen of steam
explosion analyses -~

MR. CATTON: I happen to agree with the
conclusion,

MR. SHOTKIN: And the gentleman sitting next teo
you ¢an confiran the other direction, the one wha'c not

there.
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MR, CATTON: <Corradini.

MR. SHOTKIN: There are a lot of uncertainties in
the abjility to predict steam explosions, anad based on these
uncertainties, we feel that there could be very benign ==~
there could be a steam explosion, but it will be very
benign. But because of the uncertainties, the Germans might
have come up with a different conclusion,

MR, WARD: Yes, Well, their conclusion isn’t
necessarily radically different from yours. 1 mean, you tay
may be and may be, you know., So that’s kind of «= 1 mean,
your last bullet lacked force.

MR. SHOTKIN: What we'd like to stress is that
even thaugh there may be steam explosions, the strategy of
depressurization, at least for Surry type plants, is a very
viable one, and we would recommend that industry might want
to consider that. There are a lot of advantages, and we are
peinting out steam explos.on as & possible disadvantage.

You know, as we talk of al) of our strateg.es,
part of the Commission directive is that we do point out
what are the down sides to the strategy.

MR, WARD: Yes,

MR. SHOTKIN: This isg one potential down side,

MR. WARD: What do you expect industry -+~ I mean,
what would you expect the people at Surry to do about that?

MR. SHOTKIN: What is going on in accideat
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management is that the industry is putting together a
technical basis report where they are looking at this
strategy. They are coming up with the positive, the pros
and the cons of the strategy.

They are now giving it to the Owners Groupe and
the Owners Groups will perfect speciflic strategies that they
will then give to the utility, and we would expect the
utility as part of their accident management program to
strongly consider this as one of their strategiass,

MR. WARD: ©Oua the previous chart, where you said
oné of the advantagee of late depressurization ls it
provides a longer time for the -~ well, delays core damage
because of accumulator injection., Why dun’t you get
accumulator injeccion if you depressurize early?

MR. SHOTKIN: You do. I have some backup
viewgraphs., Actually, I’'m sort of glad you asked that
question, if you wouldn’t mind listening to some mure, if
you want a good answer to the guestion.

MR. WARD: Sure., I expected one.

([6§1lide.)

MR. SHOTKIN: 1If we look at the difference between
comparison of early and late depressurization cladding
temperatures, this the late depressurization and this is the
early depressurization.

What happens during the early depressurization is
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MR. DAVIS: Okay.

MR. SHOTKI' * 1 think it's valid, 1'd have to
look at the numbers and the timing in order to give you a
good answer. 1 don’t have that information on the top of nmy
head.

MR, DAVIS: Okay. 1 just wondered if It had been
considered when you looked at the choicer,

MR. SHOTKIN: Have we done anything on that,
Duane?

MR, HANSON: My name is Duane Hanson from the
INEL., We did look at the heat up of the steam generator
tubes, and in both cases, both for the early
depressurization and the late depressurization, the
temperatures in the steam generator tubes stayed fairly low,
§) we would thnink that the probability of failure of those
tubes would be about the name for both of those accident
conditions,

MR. DAVIS: I guess I'm a little surprised, but
111 let it go.

MR, CATTON: That'‘s only with a great deal of
uncertainty that you can say that,

MP. HANSON: There's some uncertainty. I'n only
talking about the temperatures, 1‘m not =«- whether the steam
generator tubes ~- 1'd say the likelihood of ==~

MR. CATTON: 1It‘’e a RFLAP prediction, isn‘t it?
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Again, what’s going on is that the industry has
the lead in putting together the technical basis for
strategies -- they call them high-level actions <~ that
right now EPRI and NUMARC are working on some reports that
they will make available to the Owners CGroups.

The four Owners Groups will then take these
technical basis documents with the proposed strategies and
try toc make them into viable strategies and procedures that
will be made available to the utilities. Then each utility
will luok at these and decide how they want to use them in
their piant,

What NRC plans to do is to put out a generic
letter on accident management. It will probably be delayed.
It was originally scheduled for summer of next year. It
might come out towards the end of next year.

What we would like to do in the best scenario, wve
would like to endorse the industry work that is going on now
with NUMARC, EPRI and the Owners Croupse. But they are
looking at strategies like this.

MR. KERR: A plant will have some freedom to
decide what it should do about accident management. That
will not be mandated by the NRC,

MR, SHOTKIN: That'’s right. Right now, it’'s a
voluntary effort., 1It’s connected to the IPE. They’'re

supposed to identify vulnerabilities, try to fix them, and
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come up with an accident management program., 8o it’s part
of this ongoing IPE effort,

MR. KERR: 1It’s interesting to me that in some
areas, the NRC is willing to be as prescriptive as it is,
and in certain other areas of relatively high risk, but not
80 high since the probability is low, it leaves things up to
the utility,.

But that’s not your problem, 1 presume; it’s a
pelicy decision that was made somewnere else.

(81ide. ]

MR. SHOTKIN: Okay. This is == I'm calling it
unintentional depressurizatien. On your agenda, you had it
down as natural circulation.

Unintentional depressurization is caused by
natural circulation, the natural circulatio: of hot gases
which transfer energy to the pipe walls in the upper part of
the reactor, the hot leg and the surge line going to the
pressurizer, and possibly even the steam g¢nerator,

It the PORVs are open, there’s a natural sucking
path that jusc sucks the hot gases up from the core, goes
through the surge line and out the PORV. If the PORV is
held open long enough, there’s a very good chance that there
could be unintentioral depressurizer and surge line failure.

When the PORV closes, the natural circulation

patterns change, and we’'ve seen this in Westinghouse tests,
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[8lide.)

MR. SHOTKIN: Let me go to the evaluation of the
vffects, unless there’s any other guestions on that. As I
said, one of the big questions that we hud was what’s the
effect of the non-condensible hydrogen that gets inteo the
system, what effect does this have on our conclusions and on
the natural circulation,

One of the reasons we were concerned about this is
that in our computer codes; in particular, in RELAP,
hydrogen and the steam is mixed homogeneously and there is
no very good way for the hydrogen teo be transported
separately.

We had some information on Westinghouse tests th _
were run. They were low pressure tests, where they did see
a separation of hydr.ogen that looked like there would have
to be a separate field of hydrogen in the computer ccdes in
order to handle that.

Then they ran scme high pressure tests and it
looked like the hydrogen was well mixed. We looked at that
and what we found, and we looked at the Rayleigh number, for
natural circulation in a PWR, the Rayleigh number under
these conditions would be about ten-to-the~fourteenth.

There is a cutoff Raylieigh number of about ten-to-
the-ninth, which says th : above this, there’s a. 2nset of

turbulence. In other words, it would be very good mixing c¢.
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but it would be -- we’d use the SF6 geometry, but it would
be different in that we’d be able to look at transient
tests.,

We’d have a better scaling of the radiation
problems that might occur from the wall to the fluid. What
we would do, we’d investigate the natural circulation flow
patterns of vapor in the hot leg, and the second -- and this
came up, this is a special thing. I don’t want t¢ go into
it too much here, but as we were looking at the TMI
accident, there was a problem in the lead screws just above
the core,

There was like a temperature inversion that nobody
-~ they felt it was non-typical. Some people said it’s
because of one thing, the hydrogen; some people said it’s
because of the heat transfer. So we decided that one of the
things we could do in UMCP, this is like a side issue, is we
could investigate that.

So they have put in lead screw guides that were
added into the upper plenum. We'‘re using SF6. We’re going
to use nitiogen as a non-condensible. We put in new scale
hot lets, a new instrumentation system, the core was
modified, and we’ll be running tests over the next two y&ars
te try to answer these two cobjectives at the top.

Of course, we had a scaling rationale for

transients which was developed and reviewed by a group of
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That’s all I have.

MR. KERR: Thank you, Lou. Are there further
questions?

[No response. )

MR. KERR: Next, we hear from INEL on lower head
failure.

[Siide.]

MS. REMPE: Good afternoon. My name is Joy Rempe,
and today I’d like to talk about the NRC-sponsored lower
head failure research program. Before I begin my
presentation today, I'd like to acknowledge that there are
several individuals who have contributed o this research
program.

In addition to myself, at the INEL, we are having
Susan Chavez, Gary Thimes, Gary Korth, and Chris Allison
contributing to this research. 1In addition, there are
individuals at other natioral labcratories and universities
contributing tc this research progr~m, such as Jim Sienicki
and Kong Wang at Argonne National Lab, and Professor Robert
Witt of the University of Wisconsin.

Finally, we’re also receiving some help from peer
review comments from individuals, such as Steve Hodge and
Larry Ott at Os2k Ridge, and Marty Pilch at Sandia.

(Slide. )
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M8, REMFE: 1In my presentation today, I'd first
like to go over briefly what the objectives of the lower
head failure research program are, and the methodoleogy that
we’ve selected for accomplishing these rescarch objectives.

Then I’'d like to discuss some recently obtained
results we’ve gotten on the detaijled BWR penetration and
vessel thermal response analysis, and illustrate how we can
apply these numerical results to otner LWR designs, using
analytically-~-developad technigues.

Finally, I*'1]1 be summarizing with some of the
conclusions that we’ve been able to draw related to which
failure mechanism is more likely to occur in a specific
reactor design for a particular reactor scenario.

[Slide.]

MS. REMPE: This slide illustrates the postulated
end state for the TMI-II reactor debris. Although lower
head failure didn’t occur during this absolute scenario, the
relocation of debris onto the lower heaa presents several
challenges to vessel integrity. First, there is concern
that the large mass of debris that relocates down to the
lower head could cause the vessel to fail in & global manner
via creep rupture.

In addition, there is concern that non-un.form
heat sources within this debries bed, as well as the

potential for a coherent jet to iwpinge directly down onto
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App.ying the energy conservation eguation to the
geometry shown on the left, we obtained the equation on the
right, which is simply a ratio of the effective debris-to-
tube temperature, and it's ejuated to the ratio of the tube-
to-debris capacitance.

If we plot this effective temperature ratio as a
function of the tube mass density in the lower head, we can
obtain a failure map such a the one shown in this slide.

(Slide.)

MS. NREMPE: The shaded region in this failure mip
corresponds to the conditions, such as the tube density or
the debris or your tube effective temperature, where failure
would be predicted to occur.

The failure region is separated from the attacked
region by a line that’s dependent upon the tube material
composition, whether it’s Inconel material, which is used
for instrument tubes in PWR lower heads, or stainless steel,
which is used for control rod guide tubes ard instrument
tubes in a boiling water reactor.

As indicated in the failure map, light water
reactor vessels with lower tube densities would require a
lower temperature ratio to induce tube failure. On the
lower X-axis, I've plotted typical tube densities for a BWR
lower head and a FPWR lower head. As yocu can see, the BWR

lower head does have a higher tube density since it’s
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MS. REMPE: 1It’s definitely of interest to me.

MR, CORRALINI: I think you ought to at least look
at it and see if it's applicable.

MS. REMPE: Okay. For the Case I11-2 debris
conditions, 1’ve plotted the horizontal line on this chart.
As you can see, for the drain line effective diameter ratio,
if you take this value of X and intersect it with thie
horizontal line, you’ll see that the point falls within the
failure region or the SA105/106 steel.

However, for other penetrations, such as this GE
instrument tvbe, if you intersect this X value with the
horizontal lire, you’ll see that it falls below the failure
boundary for the stalinless steel m terial.

Hence, this map not only agrees with what we
obtained from numerical calculations, it alno indicates that
the dre n line failure is perhaps a single event and the
drain line is more of an outlier as far as LWR penetrations
go.

MR. CORRADINI: 1 have a question that has nothing
to de with current reactors, but isn’t there -- is this
drain line fa'‘lure a generic thing, that if I go to the
SBWR, it appenrs there, too?

MS. REMPE: I need some help on that, because I’'m
not very familiar with the SBWR designs.

MR. ELTAWILA: Yes. 1iIt’s the same drain line.
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techniques, we do predict the time of failure. These
analytical failure maps do not have a time dependency.

MR. KERK: But your technigue, you’re convinced,
will permit you to =~ 1 ask because one of the objectives of
the core melt projection program is to give the time of
failure, and apparently you can do this without having a
detailed core melt ~~-

MS. REMPE: No. Or 1ain, I'm using bouvnding
conditions so 1 can develop the .odels and use these models.
I need a specific scenario that has a time dependence
associated with it to use these. If you’ll give me a
scenario in your core melt progression that’s time-
dependent, I can then put them into the failure maps.

MR, COREKADINI: But to put it another way, though,
you’re looking at end point conditions. You'’re saying if
given enough time, you’li eventually come to this condition.

MR. CATTON: She's looking at steady-state,

MS., REMPE: Right.

MR. CATTON: If the steady~state temperature is
above the melting point, you fail,

MR. KERR: I had assumed that you were able to
predict the time »f vesse¢l failure after the core nmelt
started or something. You can’t do that,

MS. REMPE: After relocation occurs. There arvre

models that we are developing: for example, the one that Bob
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not have the final evaluation for the test conditions. We
had some indication as to where it was headed, but wve
thought that we could explcre otner issues and there was a
need to refine the experimental design of the facility.

The conduct of high temperature reactive melts and
expulsion of them into a test vessel is something which
involves engineering design and engineering problems. We
used that time period, that interval to work out some of
those bugs, ag well.

But 1’d point out that we believe that some of the
results of those tests are guite illuminating.

MR. ELTAWILA: ‘ou’re talking about the separate
effects test, not an integral effect test.

MR. TINKLER: 1I’m talking about wnat 1’11 later
refer to as limited flight path tests and water-in-the~
cavity tests.

MR, SHERON: Bill, those tes.s were not run with
the intention of simulating a DCH event in an actual plant
from the standpoint of being scaled. They were more proof-
and-principal type of tests. Charlie will tell you a little
bit more, but they were not what we would consider an
integral test for which we would want to see a more rigorous
scaling analysis.

MR. KERR: I would avsume, however, if you were

using the resuvlts to validate a model, that you do need to
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characterizes the processes with certainty. In the scaling
analysis for these tests, and 1’11 be candid about, one
postulates the nature of the behavior, -~ 4 then one conducts
tests at two different scales to confirm t, at that is indeed
the nature of the behavior.

MR. CATTON: But when both the scales are 8o
small, it’s a leap of faith to full scale unless you have
some guiding laws.

MR. TINKLER: I will speak to that a little later,
because that is a legitimate concern and a concern that wve
have shared, that the ne-~fortieth scale is, in ar absolute
sense, a srmall scale,.

MR. CATTON: You bet. Even on a non-a-=olute
scale,

MR. TINKLER: It seems relatively clear wve're
going to talk about scaling at lea“t intermittently
throughout this. 8o let me just put something -~ 1 hadn’t
included this in the package because it wasn’t clear to me
now much we were going to delve into scaling.

MR. CATTON. We’re always interested in getting to
the full-size reactor.

MR. TINALER: I understand, and soc are wve,

MR. SIESS: You don’t want another accident,

MR, CATTON: That'’'s true.

(8lide.)
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conclude tha® morc detailed analysis at this point would
yield anything more appropriate.

MR. CATTON: Thank you.

MR. TINKLER: Because the SASM TPG activity was
underway and we waore aware it wag underway, we sought to
make use cof the work that had been done by this group.
Ultimately, our cuntractor is responsible for defending the
applicability of their test. So that is a burden they
ghar~ as well as the NRC. We do retain the right of

t2 refusal on these t! .1 .38.

But where the work w:us complete, lessons learned
from the LASM TPG were incorporated, and there were some
imrortant lessons learned; scaling of the fluld flow
processes and steam blow~down, RPV and cavity nodeling.
Incorporatinn of these lessciis learned did have an impact on
our facility design., We made changes to our facility design
as a result of these kinds of lessons.

The objective of the Sandia =scaling analysis was
to scale integral tests to produvce a pressuare increase
corresponding to what would be expected at full scale. VNow,
this is a formidable task. It presumes you know what the
pressurization is at full scale.

S0 as a consequence of that, embedded in the
scaling analysis are assumptions. I’ve cited that there are

a number of limitations with this kind or approach. FPerhaps
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limitations is the wrong word, but there are difficulties
assocjiated with that,

MP. KERk. In fact, fraught with difficulties was
an earlier gtat ment, which I rather liked.

MR. TINKLER: I got carried away. It’s iate in
the day. Excuce me.

MR. KERR: I like that,

MR, TINKLER: But there is uncertainty in the
constitutive relationship. 1 just citrd particle size. We
could cite entrainment rate, we could site the onset of
entrainment. We don‘t know whether. basically, entrainment
is the rollover of a wave, saltation process. These are
things we don’t know, we may never know, but it‘s also not
viwa: w.awv We need to know those things.

MR, CATTON: On some of those things, you’‘re quite
ncale~dependent, *oo.

MR. TINKLER. They are,

MR, CATTON: You need distajce for the wave.

MR. TINKLER: This points tc this. One theory
would sugyest that particle size produced in entrainmen®
scales o1 changes linearly with scale, thet the particles in
a one-tenth scale facility are one~tenth the size they would
be in a reactor. And taat has significant implicaticns ior
surfaze area for heat transfer. We chinuad surface area for

heat tranzler by a factor of a hundred.
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we'd learn anything new by rur-ig that kind of test,

At that point, after completing the peer review
with individuals that are guite familiar with this issue and
scaling in general, we directed the contractors to
reconfigure the SBURTSEY and CWT! facilities so that it
resemtled the lover containment regions of the Zion plant.

Wo were seeking tn preserve the qgeometric
similarity of those plants. Other examples I would cite,
earjier tests generally were constrained to direct the
debris vertically into the SURTSEY vessel. The Jdesign
cavity shoot is on an incline. “t’s pointed at & wall below
the stee' table room.

We nade chuinhges to the facility, and these were
not minor changes. 1t was no small effort or small natter
to nake these chanyes. There wers other changns that I1I’'ve
sugyested that we iIncorporate as a rovult of the TPG.
Gecmetri~ similavity fo. the EPV. 1It'’s been pointed out by
a number »f individvrals that it’s possible that during a
high pressure melt ejection, not ail of the thermite will be
expelied during the initial depressurizetion as & result cf
vessel failure.

You get steam blow-through and some of the debris
is retained in the vessel, Earlier *+sts used a melt
generator with a distorted aspect ratio. They were long

narrow cylinders with a hole at the bottom, and thaey
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dispute over many years. We’'re going to run a test
bagically just to measure that paramcter. We won'’t inject
into the vessel., It could be considered a separate effects
test,

But before we submit this test and the counterpart
test at Argonne to peer review, we wanted to have that
number reasured.

[S8lide. ]

MR, TINKLER: 1’11 return now to the rest of the
presentation, and summarize this past fiscal year’s progress
and more recent progress. We have completed separate
effects tests to investigate the effect of flight path
length, the effect of interaction time or interaction length
on debris gas heat transfer.

We also conducted a veiy limited number of teste
to invest.gate the effect of water in the reactor cavity.
We've buen very good and timely in documenting the results,
at le~~t through gquick~look data reports that have generally
beer, issued within rouchly three weeks of the conduct of a
test.,

That'’'s not to suggest that we have completely
analyzed all the tests results in those. We simplv reported
pressures, temperatuises, hydrogen concentrations.

MR. CATTON: 1Is the quick-look report available
yet?
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review, Wo expect to submit the results of these tests and
further refinement of the scaling analysis through peer
review, after we have counterpart tests.

We had hoped to have the ccunterpart tests run
lagt weak. The latest target date is tomorruw for the one~
fortieth scale test.

We noted in earlier discussions that the
independent scaling by the SASM TPG and the application of
the scaling methodelogy to DCH is expected to be issued in
November., Some of the key appendices still had nut been
fully complete as of s~veral days agoe, but we understand
they’re going to be ¢ ne very shortly, and that wiil be
issued as a NUREG document for comment.

The first large scalie one~tenth integral effects
test was completed on September 13. You can tell I made
this viewgraph up earlier., It says conducted 10/17. It may
be 10/25.

(8lide.)

MR. TINKLER: I'11 just briefly discuss the
limited flight path test series. This was with the Surry
cavity. We were looking at things like flight path length,
hole size, or some varijation in the driving pressure of the
melt, and these were done with a nominal melt mass of 50
kilograms. This vas also done in an inerted Argonne

atmosphere.
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(Slide. )

MR. TINKLER: You can conceive of this limitation
to the flight path as something representing reactor
geometries, It could conceivably represent the RHR platform
in the Surry plant. Basically, these tests were run by
moving this concreté slab at the one meter, two meter, and
eight meter elevations.

There were a couple of things that were observed
from these tests, and that was while we did see significant
effeccs on pressurization and debris trapping, it did not
have a profound effect on hydrogen generaticn, We generated
about the same amount »f hydrogen whether we blew it
unobstructed inte the SURTSEY vessel or whether we trapped
it, spread it out acainst a wall, anda then passed steam over
it.

MR. CATTON: Does that say that the kinetics are
guite fasgt?

MF. TINKLER: 1t says they'’re guite fast for thnis
test . W2 used chrouium, We didn’t use zircalloy. That'’s
an isgsue that we clearly need to look at. 2Zircalloy has a
higher heat of reactior *han chromium, but reaction
kinetics, other issues eside =~ I'm not willing not make
that jumn at this stage. But it does suggest that reactive
metals will react whether or not they’re trapped as a thin

film on structures or whether they’re carried aiong in the
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tests, they saw equivalent sort of traces.

MR. CATTON: Could this just be choking and un-
chcking of the cavity?

MR. TINKLER: No. This really isn’t cheoking. The
choking phenomena occurs over =-- well, actually nrc¢ a much
longer time period, but we do have pressure traces, as you
can see from the data reports.

MR. CATTON: Whe I lcocok at that pressure ratio
from the cavity to the vessei and I’ve got any kind of a
redvcotion in area, it’'’s yoing to cheke.

MR. TINKLER: This portion here generally is
representative of the pressure diff<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>