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8:30

CHAIRMAN SHEWMON: The meeting will now come to

order. This is a meeting of tue Advisory Committee on g

5| Reactor Safeguards Subcommittee Meeting on Reactor Fuel. é
SE I am P. Shewmon, Subcommittee Chairman. 5

; |
72 The other ACRS Members present today are: S. Lawroski}
] ; J. C. Mark, W. Mathis and D. Okrent. E
95 Also in attendance are ACRS Consultants: A. Bement |

10 | and F. Nichols. ;

11 | The purpose cof this meeting is to begin discussion :

. 12 ' of the NRC Fuel Behavior Research Branch programs for the ;

. 13 || ACRS annual reports to the Commission and Congress. ;f
14 | This meeting is being conducted in accordance with |

15 l the provisions of the Federal Advisory Committee Act and the

.- Government in the Sunshine Act.

Mr. Paul Boehnert is the Designated Fuderal Employee

for the meeting.

=
o

q The rules for participation in “oday's meeting have

18 |

i3 .- been an:ounced as part of the notice of this meeting pre- f

|

!il 21 viously published in the Federal Register on April 14 |

5 ' I

- . H

li: 22 and April 25, 1980. f

3,§ 21 A transcript of the meeting is being kept and will !
F

§ 24 be made available as stated in the Federal Register Notice.

i

28 It is requested that each speaker first identify himself and
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speak with sufficient clarity and volume so that he can be
readily heard.

We have received no written comments Or requests
for time to make oral statements from members of the public.

We will proceed with the meeting ard I call upon
Dr. William Jchnston, Chief of the Fuel Behavior Research
Branch.

-- change in geometry of the core.

MR. JOHNSTON: Since Three Mile Island we =-- within
the branch we've developed a code module, you might say,
called TMI boil, which was done by George Marino. That
covers the oxidation and metallurgical aspects of what
happens up to the point of change of geometry. It does not
handle change of geometry vet.

CHAIRMAN SHEWMON: Okay.

MR. JOHNSTON: We have no specific code ourselves
that handles it. We make use of the marche for alcodes
that Batelle Columbus has, which I go through that type of
sequence. And through our German exchange we'll word codes
like "smelts 'em", "clabbering," and a series of codes that
they have which we are getting a hold of.

CHAIRMAN SHEWMON: Is the one -- is the Batelle
code a one or two-dimensional code?

MR. JOHNSTON: It's a one-dimensional code I'm

sure.
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CHAIRMAN SHEWMON: Okay.

Yes.

MR. MARK: Am I right that boil was used in the
reactor safety study?

MR. JOHNSTON:: The boil ccde is a part of the
Marche Code at Batelle Columbus. The TMI Boil Code is a --
I don't know why we picked the same name, but it -- it's
an entirely independent code that was done by George. It
has some advances in it that is not in the book, the
Batelle version of boil.

MR. MARK: I see. Well, I was aware that that
main was used in --

MR. JOHNSTON: I know it.

MR. MARK: -- WASH-1400 for the same calculation.

MR. JOHNSTON: That is correct. And I was simply --
we had a different name for portions of it before, and we
changed it. But TMI boil, it was simply meant to cover the
TMI boildown. And that was the, I think, the gen == the
genesis of the name.

MR. MARK: Son of Boil, maybe.

MR. JOHNSTON: Son of Boil, yeah.

It has the -- one of the unique features that it
has is that it covers the heat exchange between the steam and
the cladic in the upper portions of the core. So, that it

more accurately models than -- than the original version of

— ———————— - —— . — e
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boil.

The actual transfer of heat from the lower part
of the asserbly to the upper part, and it includes the heat
exchange in both directions with the steam.

MR. MARK: So, you'd say that it is as good plus
some obvious improvements as the older one?

MR. JOHNSTON: That's my understanding of it.

ADr. Marino is here. I guess he could comment ==

DR. MARTNO: 1I'd like to add a few more comments.
The TMI boil code was done inhouse and is not as sophisticated
as I'd like it to be.

This morning I'll mention that we are beginning
to plan the small break transient code based on FRAP-T,
MEMPRO and FREPCON at EG&G in physical '81, which will take
the best characteristics cf TMI boil and those other three
codes and hopefully supply us with a very good small break
transient code up to and through melting.

Now, if we do the melting part, we are going to
coordinate our work with some of the German work. The
Nelson code developed a split guard based on Hoggins data

at split guard in KFK.

MR. OKRENT: Could I =--

CHAIRMAN SHEWMON: Okay.

Yes.

MR. OKREN: == try to understand a little bit

L — . < ——— . ————— - — - ——— . ———— e ——
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more about the objectives starting at the bottom since
somebody has asked up. Just what do you visualize as your
objective when vou say "utilize models and codes to assess
the consequences of severe reactor accidents including core
melt events"?

MR. JOHNSTON: It's -- many of the events that
we can postulate that may happen in the sequence of a core
meltdown; and I use that in a broader sense, cannot be reached
explicitly by the experimental techniques that we have avail-
able. We don't have a big enough systems, things _f that
sort.

Therefore, it's been our feeling that we have to
take the small scale information that we have available and
combine that in the form of model codes, which we will then
use to try to describe the larger-scaled events. That --
that's really all I --

MR. OKRENT: Well, what I =-=-

MR. JOHNSTON: == tiat means.

MR. OKRENT: == I'm getting ét is I can't define
in my own mind what is the objective =-- those words are too
general for me. So, I'd like to Xnow ==

MR. JOHNSTON: Well --

MR. OKRENT: -- what the =--

CHAIRMAN SHEWMON: David will spend the day getting

into that.
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MR. OKRENT: Okay.

NO; I ==

CHAIRMAN SHEWMON: There are specific items in
the program which will -- which will explain it to us.

MR. OKRENT: There are?

CHAIRMAN SHEWMON: Yeah.

MR. JOHNSTON: We will be -- yes. Now, let me --
there are two caveats involved. We will be going into cer-
tain aspects of this at the Fuel Behavior Branch as
responsibilities for it, and effecient product area today.
But the general discussion of this area is reserved, I
think, for a meeting that's coming up on May 9th in Chicago,
which will be the general discussion of the integrated core
metal program. So, that we don't =-- had no expectation, at
least, of talking about seeing explosions and concrete
melt interactions in that aspect of the fuel melt part of it

today.

This is a -- we're in a transition I think, in

this particular area. And the intergrated efforts that researc

has been putting together is going t- be discussed in toto

at that May 9th meeting. We sort of excluded that framtoday.
MR. OKRENT: Okay. So, that then really --
MR. JOHNSTON: That's our =--
MR. OKRENT: Not only not =-=- not a subject for

today's meeting, but it may not be an objective solely within

—  — s —
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this group; is that what you are saying?

MR. JOHNSTON: It is not an objective solely within
this group.

MR. OKRENT: All right.

MR. JOHNSTON: That's correct.

MR. OKRENT: Let me ask the next one up, it says
"verified fuel code models with integrated tests." First,
what do you mean by "verify"?

MR. JOHNSTON: That's an old word. We now use
the word "assess" as a replacement. I think it's semantics.
But the point is that when you generate a code at =-- at
one scale level you have to have some feeling as to what
its applicability is to the larger scale.

In fuel we have some advantages, and at least
radially we work essentially full scale. Actually we usually
do not in terms of the facilities that are available.

But the assessment basically means comparing the
predictions of our codes; be it Trapcom or Frap-T, against
data which we have obtained from, essentially, the real
world o reactors wherever possible. Much of the =-- much
of the code development is done from tests that are run as
separate effects tests, small scale things, and so forth.

Then, we collect an independent data base -~

MR. OKRENT: Normally we ==

MR. JOHNSTON: =-- from commerical reactors an? make
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the comparison between the predictions and the results.

MR. OKRENT: Excuse me.

One of my problems in trying to follow this program
is trying to see what the real objectives are and so I think
it is important to understand, for me, what they are and
that's, again, the =-- an insufficiently defined term. Now,
the top one says "evaluate fisson product and fuel behavior
under normal and accident conditions." That, again, is very
general terms. Can you =--

MR. JOHNSTON: Well, the A --

MR. OKRENT: =-- name more specific objectives than
that?

MR. JOHNSTON: The ACRS in 1972 wrote us letters;
I didn't =-- I realize I left it on the desk -- as well as in
your 1977 reports, said that it is our responsbility to find
out about all the possible things that might go wrong with
the fuel element or the fuel assembly so that we know --

MR. OKRENT: Gee, I hope we didn't sav all.

MR. JOHNSTON: =-- what =-- well, it said a broad
spectrum. It said not the LOCA. Everybody else in the
country was chasing LOCA's. We were looking at -- at all
the other possibilities.

In past years I have started off with a slide
that says, "Look, what are the things that can happen to a

fuel assembly"? You can have a power change; you can have a

Ty S S e TR B . w5 S 4 & ve e .4 Gt b Lt L R —
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loss of flow; you can have an increase of reactivity.
Take what the basic parameters that can change that are going
to effect the enviroment around the fuel assembly, and if
we have an understanding of what happens under those condi-
tions, we've covered basically, we felt, all the things that
can affect a fuel assembly.

When we have an understanding of those things --
that's basically what it means. When we started out, for
example, we said, "Are there things that are going to happen
that we don't -- haven't thought of yet"?

We didn't know whether -- in the beginning whether
a power pooling mismatch was extremely critical event or not
And the pri -- and one of the purposes of the IMPOWER Program
was to exercise the fuels under enough different situations
that we felt that there weren't some that hadn't been covered
that would pop up and bite us some time in the future.

So, we have had as an objective to do a broad scale

evaluation of chese sort of events. And I guess that -- that's

basically what we have tried to say here.

Now, from -- from the point of view of the people
in regulations, the =-- the -- much of their work is involved
in assessing design, looking at the inputs that come in
from the vendors. It has an awful lot to do with -- with

normal and slightly off normal situations; the understanding

of stored energy, and all the things that go with that=-- appellek

|

]

|
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cladding interaction or the =-- the normal failures that we
get in reactors under normal operation, called TCI. That
sort of thing is all part of what I guess would say comes
unde.- normal. But that's very much the bread and butter of
the way that it's done in NRR as well as our responsibilities
of locking at the more extreme conditions.

We take these -- we've discussed them as particular
types of accident in tFa past, and I think I can go into that
a little bit more if you would like me, too. But these are
intended to be fairly general. I -- I don't == in order to
put it on a slide I've done that on purpose.

MR. OKRENT: And what is the reason why the NRC
1s looking at fission product and fuel behavior under normal
conditions?

MR. JOHNSTON: The normal amount of person rams
that are released in ro mal operations ar=2 at least two times
the total amount that was released at TMI. About 2000 person
rams is the total dose to the public at TMI. The normal
releases from our reactors are somewhere in the order of
5000.

MR. OKRENT: I'm aware of that. But I == in this
research program, I'm still trying to understand at the
moment why there is a section which is loocking at what we
call normal fissions.

MR. JOHNSTON: I have -- when we go into the closed
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session we will have a category of programs and =-- and to
summarize it right now I will -- the=-- the under -- the ==
MR. OKRENT: Do you -- it's not what; it's why.
I'm trying to understand why you're giving that.
MR. JOHNSTON: The condition that the fuel is
in before an accident initiates influences the sequence of
what the fuel does. If the cladding has been damaged by
all sorts of power transients and PCI type events in
its previous history, we expect that it will probably
fail under much milder conditions than if it did not have
that previous history. Those are the kind of concerns that
are expressed in connection with the =-- the high burn-up
of fuel which is being carried through by all the vendors
at the present time with the aid of EFRI and the DOE -- and
DOE.
There are a few issues that we have identified in

conr-~tion with that program. .One of them most certainly

is the pelt clad interaction, the previous damage to the fuel.

A VOICE: Fission gas release in what pressure is
there =--

MR. JOHNSTON: Fission gas release is the other

one. How much is in there at -- as the burn-up increases --

the quan -- is the fraction efficient gas produced release
itself at a higher rate into the gap.

MR. OKRENT: And it's felt that thig ==
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MR. COHNSTON: Their point is storing energy.
Most of the uncertainties with regards to the LOCA calcula-
tions and the power locads permitted in the reactors have
to do with what's the initial stored energy. That's strictly
determined by the condition of the fuel and the gap, and the
amount of cracking in the fuel before the accident begins.

MR. OKRENT: And it's felt that this is an NRC
responsibility.

MR. JOHNSTON: I‘think NRC feels it's very
definitely a responsibility.

They must make licensing decisions on just thecte
matters daily.

And one of the points that I want to convey to
you today is that the program has been going on for a number
of years. We have been recently reevaluating it with the
idea of changing the priorities and directions of the pro-
gram. And in doing that there's -- as a kind of a preliminary
to that I'd like to show you a few viewgraphs that I think
were presented to you in, I'm not sure exactly, but I think
it was either 1976 or 1977, which show what our program was
at that time.

And what I would like to do is show you, as I
go through this sequence, the kinds of things we were doing
then and the results {rom that, and what we are really going

to be talk.ng with you =-- what we think we will be doing in




Trannanionas Veneaswe Raroniens Iuc

TOL BTRARY. B W uniE )

om0 0 wey

———— . — - - — L —
— —— ——— e — e —— o — . e ——

22

23

24

the future.

I have three viewgraphs, and hasically this is
the principal content of our progra:a. And I think it was
in either '76 or '77 that we presented it to you.

These three are not in your passout. I just =-- I
lockad these things up yesterday, and I didn't get the chance
to stick them in. But I -- it's more that I want to give you
an impression rather than a lot of detailed facts, but what
I want to point out is that we had a large program in looking
at zircaloy. We had intentions of finishing the work in cer-
tain time periods, and that's what =-- actually this didn't
say finish, but it said major results. What I would like to
convev to you is that in nearly every case as I go through
here that work has been completed. And I will show you a
large number of programs which have been finished in the
last couple of years showing that we can set goals in this
program. We do get significant results and the use -- and the
results are being used.

The zircaloy'oxidation was, of course, mandated
as a part of the ECCS hearing results, and that information
is resulted in the Cafcart Fall equation which is becoming
standard for looking at high temperature oxidation up over
the 2200F.

Propverties of zircaloy contianing oxygen and

the strength and -- well, this one is the -~ Batelle, is
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the argon program, which has resulted in a new and --
imbrittlement criteria.

Strength and ductility have irradiated, was the
Battelle Columbus program. Incidentally, this has been
completed since that time. This was subs =-- this was
completed last year. Strength and ductility was completed
last year. That's the Battelle Columbus Program. T'm looking
at whether the radiation makes any particular difference on
the amount of ballooning that -- and deformation of zircaloy
undergoes.

Deformation of reactor operating temperatures was
a portion of the Battelle Columbus Program in which we
were doing expanding mandrel tests on the inside of :.he
side of the fuel. More for giving us some beginning work
on looking at the PCI program and the effect of irradiation
on that aspect of it.

Deformation at elevated temperatures is the MRB
multi-rod-burst test program at Oak Ridge which is still
continuing and is not finished yet. And that's one of the
programs that is become of a great deal of interest in the
last six to eight months.

Steady state fission gas release is a -- was a
collection more of the information framaround the world
and what's being obtained in industry rather than efforts of

our own. We did do that and supply information to the
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licensing people in that time period.

Transient gas release experimental part of that
was completed this past year. That's an argon program using
the direct electrical heating types of apparatus.

fellet geometry and restructing was a prog =-- a
program chat was conducted in part by EPRI at the argon,
and also programs that we had going in the Halden Reactor,
both sponsored by the Battelle Northwe=t and by EG&G Idaho.
Those tests =-- there are a couple more tests still in the
reactor in Halden, but a number of reports have come out on
the pellet restructing and the effect of this both on =-- on
gap conductants and on pellet clad interaction.

We're finally reaching a point where we can now
use the same code models to describe both the mechanical
and the thermal properties of the fuel. We've nearly
always ~-- people have used two separate modules because there
was an inconsistency.

The pellet decay heats, the decay heat program
that resul-ed in a new ANS decay heat standard, which was
finished in that time span.

Gap conductants out of power was finished in
1979 not 1978 as we said. Actual gas flow was a series of
programs that -- done both out of power and in power. We
anticipated that the EFA 430 in Halden would be complete by

this date. 1It's not complete. They've gotten the major

R N N B T L e P e
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So,

in NRC. So,

| MR.

results, I think,

MARK: Fall. Equation for oxidation of zirconium.

MR. MARK:
somebody .
MR. JOHNSTON:
| MR.
; MP. JOHNSTON:
f MR. MARK: 1Is
on ==
MR. JOHNSTON:
MR. MARK: =-
MR. JOHNSTON:
MR. MARK: 1In

¢ picture? The oxidation

how do they differ?

JOHNSTON :

that one we didn't do.

| Now, we have yet to do it.

The Cafcart Fall.

Yes.

already since it went in a year ago.
And the bottom line is that the actual gas flow is =-- is rather
open as it turns out and not particularly restrictive.

that one is -- pellet cladding interactions

is one that we did not meet our time schedule on because
subsequent to the time that we put this together we had to

! essentially terminate most of the expectations on that program

because of recommendations of the budget review committee with-

May I ask, you mentioned the Cafcart

that an updating and improvement

Baker/Just.
what is it? Baker/just.

Very definitely. Yes.

what way does it give a different

rates are higher, or lower, or just

The oxidation rates are lower.

The activation energy is lower. In other words,

the slope --
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the slope is substantially lower than the Baker/Just slope.

The uncertainty of the data -- the scatter of the
data is greatly reduced.

MR. MARK: Right.

Well, now, the Staff, perhaps it's in a different
section, has recently made an estimate of oxidation of
zirconium in connection with the recommendation on inerting.
Did they use the Cafcart Fall, or do they stick with a
different -- earlier version?

MR. JOHNSTON: They used Cafcart Fall in this I
understand.

Officially for licensing purposes, though, Appendix K
they still are required to -- by the rules to use Baker/Just.

MR. MARK: Well, I was suspecting that. But
if you were trying to form a real picture you would not do
that?

MR. JOHNSTON: That's correct.

I don't want to belabor the =-- the points, but the =--
PRAP S's has been completed and changed to FRAP-Con and done
so in concert with the core performance branch in licensing
FRAP -- and that has reached the point now of no further
development. It's now in a maiantenance mode. The same is
true with FRAP-T. The -- all of the LOCA modes and such
things are in the FRAP-T sequence, and we are essentially

at a point now where we can say the basic code is developed
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and the point we're at now is merely to clean it up and

incorporate minor changes that come in with =-- from new

data so that we are not in a large development mode there.
The material property correlations are in the

same state. They are mostly in. We have statistical un-

certainties now ascribed to almost everything in the natural

book so that we can quote one and -- one and three sigma

uncertainties on the material properties data right down

the line.

Efficient product code called TRAP now which

does look at the -- more of a core melt situation, particularly

inside the primary system is under development at Battelle
Columbus. The TRAP that described the LOCA accident was
completed in that time span. The continuation of it to
go into the core melt is =-- is continuing. It's in kind of
a inte.im period right now because we have had to go out
for bids on it. And the bids are due in next week. And
for about thg last eight months it's been in a holding
pattern because of our inability to get arew contract --
new contractor with whoever it's going .o be that wins the
bid.

The molten core concrete area, the intercode
was developed back in this time period and it's since been

replaced by an improved version called Corecon, which is

a much improved version, much more complex and detailed. And

- — — . — o S e —— o ————
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that was completed, the Corecon was completed this past year.
Let's see. As far as the verifications are
concerned, I think the basic point was that we started in
that time frame to do statistical uncertainties in the
predictions of our codes, and we've essentially been con-
tinuing that since the data base is large enough that we
are unable to quote now as a result of our own assessment
procedures. The uncertainties at one sigma, at least, on
all the aspects of the code predictions.
MR. OKRENT: Let's see. Are you able to predict
the things like PCI with the FRAP code?
MR. JOHNSTON: PCI we could not do yet in the
FRAP code. There is a code called Profit which has been
developed through the Tech-assistance Program. We are
going to be taking over the work in that area starting
physical '8l with the intent of either adding boon module
to FRAP or maype free-standing code which will take care of
that problem. We're not the only people working on that.
George Marino. i
MR. MARINO: 1I'd like to add to that that even
though we don't have a stress corrision base PCI model in
the code, we do look at pellet cladding interaction via
transferal of stresses from the fuel to the cladding and
entrap -- core entrap team.

MR. JOHNSTON: That's true. We have the mechanical
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- models; we don't have the chemical aspects of it in there. f
2 MR. OKRENT: Well, I know it's in the FRAP code,
3‘ so I've been trying to see where you think you are, and :
4 where you should be, and why. ;
Si MR. JOHNSTON: Okay. George is going to go into :
5? some depth on the FRAP code. We think it's got the things :
7 ? in it now that it needs to have with possible exception of

3 what we just spoke of. We're not anticipating a great deal

9 of additional development of it.

10 Probably I should stop going through all this.

1l These =-- the unmixed oxide we obviously didn't do because

;2: that became a dead issue. The load -- following programs

13 | were PCI related thing and we did very little in that for

14 the reasons I mentioned before.

15 g We have been following the program particularly

15§ that EPRI has supported, and more lately, DOE in which they ;

;7‘ are running pilot bundles and -- in the commerical reactors |

18 in cooperation wicth the vendors. There is a detailed poster |

19 radiation examination of those pilot assemblies, and we are

20 following that work as it proceeds. g

21 | We didn't get any results in that time frame because |

22 they =-- the people that were running the program didn't organize

23 it in that manner. In fact, they are just now getting to the

24 ? point where they're putting the -- the data that they have

25 received on scme kind of a data acquisition system that will :




Inrameationas Vansasss Rarontans fnc

TOL BYRAET. 8. W Bunre W)
HNAION. B © e

i3
20
2l
22
23
24
23

" ————— - —— —— S — W < —
- — o — - -
—— - -

22

make it more readily available.

MR. OKRENT: Excuse me. If I can interrupt again.

But looking at these charts and seeing the column
over on the right that says "major results", if I hadn't
been following the prcogram I might get the impression that
in fact you'd find your objectives originally and you'd really
gotten principal things you were looking for in the years
shown at the right-hand side.

A VOICE: 1It'll keep. Go ahead.

MR. JOHNSTON: I think you'll find that for the
most part true.

MR. OKRENT: Well, is there some time today a --
when you will define tle thing that you really wanted to know
at the beginning of a program and show then how you found
this out? That that's different than saying "I ran an
experiment, and I got some data."

MR. JOHNSTON: Major results means more than just
getting uata. That means getting results from which you can
draw conclusions.

MR. OKRENT: Okay. Well, that would help me
quite a bit and in particular you could relate these either
to a question that you had before you during the experiment
or had you learned something nobody anticipated before you
did the experiment, I would appreciate that during the day

you could point that out to me.
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MR. JOHNSTON: Okay. What we are prepared to do
today is to do it in every area except these two. These
two are subject to later meetings, and I just now got to this
on the slide. But I == T -- to cathcart the zircaloy oxida-
tion is a nerfect example of setting a double hoist to =-=-
was to define the extent of oxidation and determine the
uncertainties in that number because Baker/Just was a very
uncertain number depend -- based upon a couple of points that
were taken at the melting point of “ircaloy.

The goal of that Program was to redefine the rate
of zircaloy oxidation as a function of temperature. We did
it, and we gave YOu one sigma -- we gave you three sigma
limits of only a few percent uncertainty.

The other part of that Program had to do with the
rate of diffusion -- the kinetics of diffusion of oxygen
in zircaloy because that determines your alpha-beta phase
boundries and imbrittlement rate. That kinetics work was
done with that specific problem of looking at the 17 percent
imbrittlement criteria and whether it was a good basic
criteria or not. That was done specifically for that purpose
and there are -- again, we've got it to about a 10 percent
one sigma, which is a =-- an outstanding advance from a
kinet =-- from a diffusion type of a program.

The decay heat was specifically because of the

present condition is to use the ANS plus 20 because the ANS
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had about a 20 percent uncertainty in it.

As a result of that program, and we ran three
different contractors and EPRI ran two, and the result is
that the best estimate is less than the AN{ number by about
three percent. And we now have a three sigma limit on the --

on that work of about three per =-- of about eight percent.

We greatly reduced the uncertainty and -- and

updated the real numbers -- the best estimate numbers for decay

heat.

Now, I can give you that kind of statement for
each one of these things.

MR. OKRENT: That would be helpfu.l I think,
in fact, that those two just mentioned are areas where there
were goals, and in fact, if I understand the situation, you
have in fact advanced the state of knowledge in a significant
way. And it would be help.ul to me if you could show the
same kind of thing in the other areas.

MR. JOHNSTON: Well -- yeah, I think I shouldn't
take a great deal more time --

CHAIRMAN SHEWMON: Do all the programs have to be
successes? I mean does any other division have that average?

MR. OKRENT: Oh, no, nc. But =--

CHAIRMAN SHEWMON: I see. Okay.

MR. OKRENT: We might say negative results. That's

okay. I mean I =--

—— - —— . —— v ————— ———————— - —




Inramnarionar Vansarws Reroniane nc

=

BIRART. 8 W MR )
10N 8. © wess

18

i7

i8

19

20

22

23

24

23

CHAIRMAN SHEWMON: I'm not sayinc that they don't
have that thousand batting average, but then I just -- some

people settle for three hundred.

MR. JOHNSTON: I think I'll stop going through
this. I think I -- we've gotten to the point where the
two -- the programs that we are not covering I =-- I can
make similar statements about them.

I would just show one summary of the PCM. Now,
in 1972 and in past times, and I'm a really little bit talk-
ing about a different program, but one of the big concerns,
in fact, number one prioritv in the ACRS was what -- what
are the problems with pellet cladding -- I'm sorry, power
cooling mismatch? And what's the possibility of getting
a wholesale damage in runaway heatups and clad melting,
and that sort of thing?

And the results of that power cooling mismatch
program has been to define -- well, first, we didn't find
all those terrible things that we were concerned about.
Secondly, we were able to come up with what amounts to a
failure mechanism under those conditions, which .. basically
a -- an oxidation of the cladding.

And we were able to take on a time and temperature
basis develop a curve which if it exceeds this we can pretty

well predict whether the clad is going to fail under power

cooling mismatch conditions, or whether it is going to remain
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ductile and the fuel is not going to fail.

We've taken the atlas calculations, which are used
by licensing using steamline break, and the worse case is
bounded by this situation here. Before three -- and this was
done before Three Mile Island. Now, you know, when you start
to put in the multiple failures which were not done at this
time, it will change some of this. But using the atlas
calculations, which are the standard licensing basis, I
believe.that the order of 1100 seconds of so is a more --
the longest time that the fuel is predicted to be in steam-
boiling and =- I mean in steam heat transfer mode. And that
produces a calculated amount of oxidation which is less than
our curves, which is a gquantitative result which has been
the subject of a new Reg, and I think communications with
ourselves and been used by licensing. That happens to be
the first inpilot program, and it was the highest priority =--

MR. OKRENT: Excuse me.

MR. JOHNSTON: =-- at that time.

And I think it produced some specific results.

MR. OKRENT: As one who participated in =-- in
the wording that power coolart mismatch was a high priority,
I would say that I had in mind much greater mismatches than
you had done in any of your experiments. 'In fact, the

range in which you have looked is not the range in which

i

there was the original interest which dates back to about 1967. |

|
|
|
!
[
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You have not done experiments in that range. So, I == I
don't think you should act as if you are meeting the ACRS
number one priority in this area. I think that's incorrect.

MR. JOHNSTON: The power levels at which we have
run these experiments have been up to 28 kilowatts per foot.
Normal reactors are running at about 8. The majority of
those measurements were made at the order of 18 to 20.

MR. OKRENT: I'm sorry. The guestion =--

CHAIRMAN SHEWMON: If I were to criticise the
program --

MR. JOHNSTON: Two or three times the =--

CHAIRMAN SHEWMON: =-- was they blow the damn
things up so fast you =-- it's irrelevant. But you're saying
that they don't blow 'em up fast enough.

MR. OKRENT: No, no. I'm sorry.

The question was do you =--

MR. JOHNSTON: We're working 7 : three times
the level that a reactor can experience. That seems to me
to be =-- it's all the capability we have in the plant. It's
far more than the capability that any reactor can produce.

MR. OKRENT: I'm sorry. The gquestions that were
of interest back as far as 1967 was where you had enough of
a mismatch that in fact you not only melted fuel, but you

could fail rods with molten == fail cladding with molten

fuel, possibly getting out. And you have not done that class




Intenmcariona Vansatne Raronrans fec

PINAET. 5 W unre el
oM £ © we

e

[

i§
17

i8

20
2l
22
23
24

25

28

of experiment.

MR. JOHNSTON: That was t'.. concern that that might

be what nature was going to produce. The experiments that
we conducted show that nature did not produce that kind of
a result, and we couldn't manufacture something that was
against nature.

MR. OKRENT: Are you telling me I can't run
an experiment in which I melt fuel in a water reactor?

MR. JOHNSTON: You can't do it with the normal
power levels that you have in a reactor and have any water
in that system.

You can't do it with three times the power levels
that you have in the reactor if you've got any water in the
system.

I can set up artificial conditions in which I
can --

CHAIRMAN SHEWMON: Let's give him a turn for a
minute. Yeah, let's =--

MR. JOUNSTON: -- produce this sort of stuff.
But it's got nothing to do with normal operation or power
cooling mismatch.

CHAIRMAN SHEWMON: When power conditions were
concerned.

Will you please be quiet for a minute, Bill.

MR. OKRENT: 1In the first place there was concern
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about the misloading of one fuel element in the position
where you had the wrong enrichment, which would give you,
perhaps, a factor of two over whatever you consider normal.
And the second was, as you well know, that you might block
the coolant coming into a subassembly, in particular, in

the BWR design. But this =-- a lot of this question arose

in connection with Browns Ferry. And you have experiments

in your program you haven't reached yet. And to tell me that
you are unable to melt fuel in a water reactor is just, I
think, inappropriate.

Let me == I'll use a mild adjective or adverb,
whatever it is.

MR. JOHNSTON: We've operated for fifteen minutes
with over 80 percent of the radius of the fuel assembly
molten.

MR. OKRENT: Of course. And people were running
power reactor fuel trying to develop a molten center fuel
and -~ back in the '60's. And -- over =-- and not just
minutes. So, that docesn't -- that doesn't answer the kind
of issue that people have in mind.

I'm just saying I think you -e misrepresenting
the concern. The concern was not in the area in which the
investigation has been done.

CHAIRMAN SHEWMON: And with that, let's move on

to where we should be about now, okay?
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‘ MR. JOHNSTON: Okay. !
2 That is in your viewgraph, and I'll just pass |
3‘: quickly. It -- it simply lists the programs that have been ]
‘} completed in the past year. I'll -- it shows that the l»
S : number of programs have been finished in this area. i
§ ! The next one is a view graph that I actually
7; showed you last year at this time, but I thought it was
8 ‘ still useful, and that is to show that the programs have
9 ‘L been conducted under this program were used as far as the
10 | NRC's evaluation and understanding of what happened at TMI.
2 " And that relates to the decay heat standard, the zircaloy
‘ 2 ; oxidation, the clad ballooning work, the zircaloy imbrit*le=-
. i3 l ment, the work on the utetic between UO, and zirconium was
14 ’ the result of our exchanges with the Germans. We are |
i3 ! able to state that under the conditions of TMI that steam |
16 I explosions were unlikely on the basis of that work.
i7 | All these other things were actually usages that
18 were made of the work that we had done previously.
19 h The point was is that we feel that a good bit of
1 ¥ 20 this work has been done and it's time to start looking at
il 21 !| priorities again and reassess things.
fi: 22 ! When we started to do this as a group, we started
3 ! 23 looking at preceding through the idea of using eventries
# 24 Oor consejuence diagrams as a basis for determining these
‘ it 25 priorities. When we did that -- in particular, when we looked
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at the consequence diagram we were =-- always came down to

the bottom line that the fission produ.t release, of course,
was the basic thing that we were all interested with. And
that that should be the focus on any -- any program in
reactor safety.

The problem was how do you set priorities in
doing that? And we began to put together a consequence tree.
Two things happened fairly rapidly. The tree splits into
two directions. One of them has to do with the kinds of
releases that you get from the very severe accident such
as TMI and -- and the ones that are much more severe than
we postulate. But right along with it are the releases
that you get from normal operations of the plant.

And as I have mentioned before, the releases
from normal operation of the plant are actually a good
deal larger even than we received from TMI. So, that we
can't just out of priority say that releases from normal
plant operations are "no never minds" because in terms of
contribution to the public risk and some of the public
discussions that goes on, a little over-radiation is also
an important concern of peorle. And there's need for data
on that so that we carried the consequence thing through
for a little bit and decided that that wasn't going to give
us a particularly fruitful way to try to establish

priorities either because it kept saying we had to do several
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different things.

So, what we finally did is we -- we used this
criteria for setting priorities on our -- on the future work

in the program and there are three major ones and three ones

that are more administrative, perhaps, or a little bit different

from the top three.

This has to do -- is the program going to obtain
information which will be used either to establish new
licensing criteria or to assess or confirm existing licensing
criteria?

The second was that will this information help us
to better under -- to improve the response to an accident
once it starts or to mitigate or give us opportunities to
do something or other to change the direction of it once

it starts.

The third one, does it give us information on
mechanisms for fuel failure or efficient product release,
that being basic understanding that might well be needed
to take care of the other two.

Other criteria that we wanted to use was with
the data that will be obtained from this particular facility
or in this particular rrogram how prototipic of the full-
size reactor will it be and what problems will we have in

extrapolating or relating that particular work to the actual

use?

{
}
|
|
]
|
{
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The second has to do with whether we have user's
needs for it or specific requests from ECRS and other groups
that provide input and suggestions as to what our program

should be.

And the third one, and this was more difficult to
apply, but we tried to say does this have a direct relation-
ship to risk reducticn because in principal if any of --
anything that meets these criteria should have that, but
some are going to be much more directly related to that.

And so that was a separate item that we added to our
discussion.

MR. OKRENT: Excuse me. In our discussions with
other groups, in fact, in discussion with NRR about which
of the unresolved safety issues and generic items they should
work on, the relation to the potential for risk reduction
is generally the most important thing. Why is it not the
most important thing in your safety research program?

MR. JOHNSTON: Because it -- it -- often -~ as
we see it, it feeds through one of these others. And we
found it a little difficult to say how this would bhe an
independent input to this. And yet there were some members
of our branch as we did this that felt it should be in there
explicitly. And it served as a lever to take a program
which for everyother purpose might have some merit, but had

special direct -- for example, a program which has to do with
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pellet cladding interaction, or a program which has to do
with stored energy is -- it's difficult to say that that

has a direct relation to risk reduction. It gets added
through the operating limits that the reactors are allowed
to have and this sort of thing, but it is not a direct rela-
tion. It therefore gets nc points. On the other hand if

it's directly related to fission gas release under, say,

TMI type conditions, if it has to do with the bi-pass of

the containment of radioactivity, if it has direct steam

explosion would Le one which has a direct
it has something to do with the failure mode of containment.
I guess the -- I guess the basic criteria was if this has
something to do with a mode of causing the containment to
fail following an accident, we felt that it had a direct
relation. If it had only an indirect relation to wnether
fission products get out of the containment, it wouldn't
get that -- those extra pcints.

That's the only way I can answer your question.
We tried to distinguish between different aspects of the
program in that manner.

MR. OKRENT: I would suggest that there's been a
deficiency in your program, in fact, you have not tried
to factor in the relationship to risk reduction and why --
you've been giving priority two in the past. I think,

in fact, the program reflects it. And your program is not

relation because
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alone. There are a lot of others that -- in the NRC that
are like that.

And, for example, you look at "A", Information
to establish or assess licensing criteria." Well, there
may be some in fact where there is a considerable risk
reduction potential, and others where there is very little
and yet that could be treated the same because there is a
criteria in -- and you say it's the law and we have to meet
it, or whatever, but there could be a very different
waiting that you gave a series of attention to that lower
line.

CHAIRMAN SHEWMON: That's your perception.

Tom wants tc comment --

MR. MURLEY: Mr. Chairman, { have to make a
point here if I could.

I think it's correct that a large part of our
program is not directly relatable to risk reduction of
our research program. And there's a reason for that.

The reason as I see it is that the agency does not license
on the basis of risk analysis. It licenses on the basis
o< technical judgment. And that technical judgment some-
times is based on perception of risk or analysis of risk
but in most of the cases it not. The whole ECCS hearing
and the LOCA ECCS program we find out, if you believe the

numbers in WASH-1400 have very little basis in risk.
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Nevertheless, it was a major impact on our -~ in fact it
shaped our research program 5 and 7 years ago. And we're
now finishing that up, and we are changing directions.
And I think in the future you will start to see more of
our programs are, in fact, going to be based on our
perception of risk. But they haven't been in the past.
And I don't make any apologies for that. I think it's gquite
understandable.

And as a matter of fact in the future if we get
a request from the licensing staff that -- to do some research
because it's needed for their licensing decision making,
we will do it.

And what -- even if it doesn't have any, I think =--
a basis of risk.

CHAIRMAN SHEWMON: Thank you.

How much more time do you have here?

MR. JOHNSTON: This isthe last slide.

CHA] MAN SHEWMON: Okay.

MR. JCHNSTON: That's the result of our re-
pricritization of the program. Our number one priority
is to try to look at the =-- understand the core damage
beyond the LOCA. Following that is the clad ballooning
and blockage, fission product release and migration.
These are the operational transients that are covered

generally in the -- and defined as the clad function in
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three and not in the ANJ catagorization.

This was is last for particular reasons. And I =--
I'm sure that r~ ses some red flags in the room, but I
thir* you will near more about that on May 9th.

T ve are -- we have separated fission product
release out from the specific core =-- the heart of things
and that's partly why the change in location of that
particular level.

CHAIRMAN SHEWMON: Now, if we placed our your
telegraphic style a little bit, the results would be the
priority items that you will aim at in the next several
years as a result of your reevaluation; is that --

MR. JOHNSTON: Yes. We took all of our programs
and essentially developed the rating system based upon those
other criteria.

CHAIRMAN SHEWMON: Okay. What is the core
damage =--

MR. JOHNSTON: One through -- one through thirty-
five.

CHAIRMAN SHEWMON: What is the core damage
beyond LOCA mean? It -- you have it separate from cool
melts.

MR. JOHNSTON: What we tried to do at this point
is take the =-- roughly cover the understanding of the

temperature range from roughly 1200 centigrades to 2700
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or 1900 centigrade up to the point at which =--

centigrade,

is the point up to

this

I guess the best way -- okay,

well,

which geometry begins to change.
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CHAIRMAN SHEWMON: =-- occurs, the temperature is
lower in that. There is a change in geometry, but it's not
a change in fuel geometry, is that =--

MR. JOHNSTON: This occurs -- Not a change in fuel
geometry, not a change in location in the modeling sense.

This is in there particularly because the audit
curves and calculations and licensing, as concerned about
right now.

CHAIRMAN SEEWMON: I'm just trying to find out i
to what extent the words are mutually exclusive or the items !
are. ;

MR. JOHNSTON: Well, we intended this to cover |
the temperature range, roughly from the point at which
severe oxidation begins and goes on up to utectic formation
and possible melting of either the -- between the fuel and
the clouding or the fuel itself, and the degradation of
the core, let's say, to when it begins to fall through
a core plate at the bottom.

Now, that helps with mitigation. It helps with
understanding of the course of the accident, and presumably
it learns something about debris coolability, coolability of
the core if it doesn't procede to a full score core melt.

This is more focused on the, I would say, on the
mitigation site of an accident sequence than understanding
the full core melt thing. That was separated into the other
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categories.

That's the conclusion of the first part and the
next part now is the discussion of the specific programs
in the budgets. I believe you changed mode of operation.

CHAIRMAN SHEWMON: We will close the meeting at
this point. How do we handle this from here? 1Is there
anybody who does not work for the NRC?

(Whereupon, at 9;30, the meeting went into a
closed session and commenced again at 10:35 a.m.)

MR. MARINO: My name is George Marino from the
Fuel Behavior Research Branch.

The purpose of the discussions .'ll give you today
are to give you a brief review of our fuel code programs
and our fuel behavior programs.

I'll start with the fuel code development and
the evaluation programs and then procede on the agenda into
our fuel pellet behavior program.

The objectives of the fuel code development and
evaluation are to predict transient and study fuel behavior
under normal, off normal, and accident conditions.

Now, we do this to help licensing, hopefully, to
evaluate vendors codes, and help them in their general
understanding of fuel behavior. We do this also to help

us do our pretest predictions and post test predictions

for our PBS program and =--- program.
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And we alsov do this to provide an integrated
easily accessible storage bank of fuel behavior information.
and you'll see it comes out in the form of correlation
equations.

The first principle model is derived from past,
present, and future experimental work.

Now, I consider this second item as fairly impor-
tant bécause we do an awful lot of work that comes out in
the form of reports that are scattered all over tpe place,
and if we can put it in some item where we can get ahold
of it quickly, like the MATPRO handbook, it's very useful
to us in research and I think, to the people in licensing.

Now, that was why we're doing the work. I'll try
to answer the gquestion of how we're doing the work.

We're doing it by the development of a -- something
called MATPRO, which stands for material properties. It
gives -- It's a compendium or a handbook of zercoloid and

fuel, materials properties and correlations for the fuel
and the clad, obviousiy.

Now, this thing is useful for both our operational
codes, the first of which is FRAPCON, which is a study
safe code. It contains models to simulate fuel behavior
under normal conditions, which primarily help us to have
an understanding of the fuel characteristics before a

transient, which is very important.
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It's also important in the licensing area and in
PCI.

The next operational code is the transient code,
FRAP-T. This contains =-- to simulate =-- to show behavior.

CHAIRMAN SHEWMON: Why is it important in PCI? ,

MR. MARINO: Because the -- interaction is usually
for small, 50 percent or hundred percent power changes where
we can use the study state code.

It has -~

CHAIRMAN SHEWMON: 1It's also a 3d problem, and
when I asked the question a year or two ago, you said that
was so difficult, you weren't sure your codes could do it
in the foreseeable future.

MR. MARINO: That's still true. We are connecting
FRAPCON to what's called an AXI-SIM subcode, which we'll
do a two dimensional stress analysis on it, if need be.

The transient code is for past transients. 1In
the past we've been concentrating on loca analyses. They
go over a period from 0 to 200 seconds. The code is geared
for those kind of transients, and it is not that useful, if
useful at all to small break transients that occur over
a long period of time, and I'll get into that discussion
a little bit later.

We also -- part of how we do this sort of thing,

is try to provide links with thermal hydraulics codes.
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For example, the track code, the cober code and
other codes -- Yes, sir?

CHAIRMAN SHEWMON: Let me sto and ask a general
question here. Work of this sort has beion going on for
the order of 10 years, although I realize this hasn't been
in the NRC all 10 years.

Are there any criteria for when it's going to stop
or when ==

MR. JOHNSTON: You mean the code work in general?

CHAIRMAN SHEWMON: Yeah. I notice you still have
it as your highest priority items in those areas and when
can ==

MR. MARINO: Can I answer that, Bill?

MR. JOHNSON: Yeah, go ahead, and maybe I'll add
a comment if you don't say what I want to hear.

MR. MARINO: I truly don't believe that code
development or -- I mean, not say development, but code
improvement will ever cease as far as we are interested
in licensing nuclear reactors.

And, we have to keep our knowledge, essentially
the state of the knowledge of the vendors and people who
we're trying to license.

And, if they get way ahead of us, =--

CHAIRMAN SHEWMON: I suspect you're doing an awful

lot more than they are and the question is whether they
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should end up using your codes to justify for vou to evaluate
and you know, that gets kind of inbred.

MR. MARINO: That's a serious problems. I think
Ralph Meyer might have something to say about that.

But, I think if we're going to license people, we
should have at least as much knowledge as the people we're
licensing and I just can't get away from that feeling.

CHAIRMAN SHEWMON: That's fine. But, if we do that,
and take that criteria, you've probably cut this by an
order of magnitude next year because I suspect you already
have more knowledge and code modeling than they do, and you
could give them a while to catch up, so I don't think that's
going to be a criteria to help you.

MR. JOHNSON: Well, we set =-- Originally we set
the criteria as when to stop developing models as when our
ability to describe what was going on was equal to what
the experimental input uncertainty existed.

In other words, reactor power is good to about
-= I think it's about 4 or 5 percent. 1In fact, by the
time you put a couple sigmas on it, I think it's 9 percent,
for example, that is actually used.

When we can predict the parameters that are
effected by that to the order of 9 percent, we should quit,
because there's no point in developing a code that's better

than the data base that you've got.
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. ' And, we try to vse that as a general criteria

as to when we stop developing and when we stop improving

”h

and developing models for this code and whether we put

“h

different kind of inputs in it.

s |
|
¢ f And this why, =-- I think George will show later --
|
5 ’ that we're trying to put sigma uncertainties into the various
» | predictions. Now, it has been a basis for quitting and |
i the other point is that we feel in a large number of areas
B we've essentially reached that area and I think George
9 | 1is going to tell you that we're not embarking in iarge ;
' i new code developments. This is mostly a maintenance situa- ’
. 12 i tion that we think we're in now. |
‘ 13 ' He also said the right words, that we've got to
4 ' keep up to date with what's going on, but we do not feel
X we've got major new codes -- majcr new things to do with
1é | the FRAP-T and the FRAPCON anymore.
|
o ! MR. MARINO: Thank you.
'8 CHAIRMAN SHEWMON: Let me say one other thing,
‘9 George.
) If you can do some things to shorten this in spite
b3 of our questions, I'd appreciat; it because the agenda,
y - ¢ as it's laid out, is longer than we're going to be here, and
‘ po= we aren't up to it.
. 4 So, we're going tc have to pick up some time.
- ! MR. MARINO: You've seen some of these already.
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‘ ! I'm just providing it for background, just so you'll have

them in your handout.

L)

Like I showed you this last year, this is just

4 a schematic of the interaction of the codes.

s And, I gave you very extensive descriptions of

§ both the codes last year, and all this viewgraph does is

? summarize the models in the codes. And, I don't see any |
3 | need, unless there are some questions, to go into the details';
: | on these. I didn't intend to either. |
'8 What I want to do is get to the results. Now, 5

i the first one you saw was FRAP-T. These are the models

. 12 in FRAPCON and they're included in your handout just for
‘ 13 completeness,
14 And then there are three on MATPRO, and you've
'S seen -- You've seen many presentations on all the models
‘4 on MATPRO. These three slides just summarize all the sub-
17 routines in MATPRO.
' The important thing to note is that if it has
9 a footnote A on it, it's a revised improved model from what
9 you had seen before and it's got a superscript B, it's that
ol brand new model.
- So, I'll just flip through these gquickly, see if
‘ = I can make up some time. That's the cladding properties.
‘ 4 And, this is the continuation of the cladding properties.
= The first one was the fuel properties and the gas material
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properties and supporting materials.

This is all self-explanato.y. We do have a program
to assist these codes. We talked about this before, and
we divided it into two areas, developmental verification

for assessment. And like Bill had said earlier, we changed

our words from verification to assessment. -~ and, independent

assessment.

Now, the developmental assessment is just what
it says. 1It's supposed to be able to -- The people who
developed the codes, test the code out and makes sure it
does what it's supposed to do. They do it against highly
characterized data.

Now, they're supposed to catch all errors there
and they don't always. We always have problems with this
and in fact anybody who develops large computer codes have
these problems.

Alot of errors get through here. Some of them
get picked up on independent assessment where we compare
the code against a large amount of data, not very nearly
as well characterized as the da;a we use in developmental
assessment and this gives us an idea of how the code behaves
under a wide variety of conditions and I'll show you some
results of that.

These people catch errors alot and we feed them
back to us. They're corrected in the next version of the
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code.

We did have some problems, that when an error
did occur, an independent verification, it wasn't corrected
in the code that was current at that point, and we're
taking steps with Tim Howell and EG&G to courrect that

sort of situation.

And, the related tests providing assessment informa-

tion are, as I said earlier, the pre and post test predictions
for our major experimental programs.

Now, where are the results of some ¢f these things?
Well, the latest -- You haven't seen this one yet, so I
want to talk about it a bit.

This is the FRAP-TS5, standard model errors in
the independent assessment.

CHAIRMAN SHEWMON: You may not see it today.

MR.MARINO: I hope you can read it on your pass
out. 1Is it in there? I apologize for the slides. I just
got this in a few days ago.

wWhat it does is compare for different kinds of
output parameters, sample size }t gives a standard error
between the predicted -- prediction of the FRAP code, FRAP-T
code, this is the transient code, and the major value.

And, at the top we have FRAP-T5 which is our

latest version in the ccde and FRAP-T4, which is what I

presented to you last year.
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And the thing to note here is the improvement
of FRAP-TS over FRAP-T4, is in the prediction of cladding
burst temperature at nonpressure and cladding burst pressure
at nontemperature and claddirv permanent hoop strain over
that of what was available in FRAP-T4.

We are concentrating alot of effort in modeling
properly the ballooning behavior of a zercoloid fuel rod
under positive internal pressure during a loca or a small i
break transient.

CHAIRMAN SHEWMON: How do I get impressed by
reading what you are pointing at? |

MR. MARINO: Last year FRAP-T4 could only predict
a cladding burst temperature at nonpressure using the cladding;
models in MATPRO, which is a deterministic model, not a
probabalistic model, so we went 290 degrees kelvin.

FRAP-TS can do it within 160 degrees kelvin, jvst
from improvements we've made in the cladding behavior
models.

CHAIRMAN SHEWMON: And what's Frail?

MR. MARINO: Frail is a probabalistic failure
subcode. 1It's linked to FRAP-T5, or FRAPCON which attempts
to predict failure probabilities based on stress to failure
at given temperatures, et cetera, over stress, over strain
kind of probabalistic ana vses.

And, that information is in Frail, purely imperical,
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not deterministic.

And Frail actually does a better job because
it is fit to a curve for predicting the cladding burst
temperature of known pressure.

But Frail will give us nothing in the area of
the strain along the whole access of the rod, =-- strain.

CHAIRMAN SHEWMON: The standard deviation from
Frail, standard error is 94 degrees kelvin?

MR. MARINO: Yes.

CHAIRMAN SHEWMON: And the uncertainty in the
clad pressure is 23 mega pascals? !

MR. MARINO: Let me explain that. ;

CHAIRMAN SHEWMON: That's a pretty big pressure,
isn't it?

MR. MARINO: These are tests that were done at
constant temperature at about 675 degrees farenheit, where
you have very high burst pressures.

The cladding burst teﬁperature at known pressure
were ramping tests where they put in a fuel gas and ramp
the temperature til it bursts. .And, these would have burst
at something like 2 or 3 mega pascals.

Sc, ves, sir, I should have pointed this out.
These very high pressures are for very low temperature
burst tests. Okay.

CHAIRMAN SHEWMON: Thank vou for --
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. : MR. OKRENT: Before you run, =--

. MR. MARINO: VYes, sir.

MR. OKRENT: 1In a sense, this slide introduces

N | a kind of philoscophic gquestion. It seems to me there was

: | good reason for the NRC Staff to somehow develop some

. | sophistication with regard to fuel element behavior.

' And, in that sense, I guess I would support & me
s ’ kind of trap kind of program, if that was the way to do it.
' So, that seemed to me to make sense. The extent
'Q

to which one tries to carry this forward as an entity in

H itself and to do experiments to verify the code or assess
- the code, or use whatever word you want, it seems to me

. at that point one has to sit back and ask himself why do

I need to do this, what is the reason, where will I be when

I'm all done, and so forth, and that's the point at which

- I myself have questions about the PBF program, both the

:7 experimental program, and to some extent the way in which

. the analytical program has been run and so forth.

. And, I would appreciate at some point today, I

- don't care when, hearing some basis for saying why something
# of this sort needs to be done.

-

Do you understand what T'm getting at?

MR. MARINO: I intend to do that.

o
®
Vool

MR. OKRENT: This are two different things to me,

and I don't, in my own mind, automatically say well, we
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should do everything one can analytically and/or experimentally'
because there is a need to have some sophistication.

These are two different kinds of things.

MR. MARINO: I intend to answer in the last slide
where we intend to go with this development. I also would .
like to point out. I don't think the PBF program was designed:
solely to verify or assess the codes.

I think it was designed ta give us information on
fuel bchavior under extremely abnormal conditions and not
-=- as an adjunct, we can use it to verify the code, that's
certainly true, and that's what's being done. i

I showed you this slide last year. This is the
same kind of comparison for the FRAPCON code, and it gives
again, the standard errors on this side, in the sample
sides for various output parameters on the left side.

MR. OKRENT: Excuse me. Again, -- See, deviations
are given, but I don't know what meaning to attach to
these, because you can do a fitting of a set of experiments
and get a seemingly good fit.

I can remember back in the middle '50's when
we had a vary good fit to a series of fast critical
experiments with our existing methods and, of course, when
we ran a critical experiment, that was substantially dif-
ferent.

CHAIRMAN SHEWMON: That was your mistake.
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MR. OKRENT: =-- substantially different. We had
to change our cross sections. That's equivalent to changing
a -- or something.

You know ==

MR. MARINO: Well, that's why we try -- That's
why this independent assessment has so darn many data points
in it. You know, we try to take all the range we could find.

MR. OKRENT: There aren't enough data points in
the area of fuel. This is a hurder problem than matching
the critical mass of a fast reactor. It's about two orders
of magnitude harder, I would say. |

MR. MARINO: I agree with you, yes.

MR. OKRENT: So, I -- you know, wonder whether
it's meaningful to talk about these standard deviations
and so forth.

MR. MARiNO: Well, I think it is. Because, we've
also done some studies where we've perturbed the input.

We perturbed the operatiocnal input, the materials properties
input and what uncertainties they had, and ran an uncertainty
response, surface methodology analysis on these codes.

And, it gives errors just in the uncertainty and
the input on the same order of magnitude as our standard
deviation we're seeing when we compare against data.

And what it's telling us, is that we're not going

to get much better than 150 to 200 degrees kelvin predictability
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on a rod that's in some core somewhere, when we don't
know everything exactly.

And, that's a good stopping point to follow and
we start getting to the point that we know that we cannot,
given the uncertainties in a rod in a core, predict -- If
we can predict within the range that -- surface analysis
will give us, then our code is good enough.

MR. JOHNSTON: Could I just add one comment on to
that. The whole point of doing a diverse program, covering
all matters of things is to provide a grea* =-- on our part,
to provide a diversity of input for this assessment. |

There's not tuning deone to the code when we do
the independent assessment. That should be made very clear
to this committee. That is n~t a tuned code that you're
locking at there, when an independent assessment is done.

It's entirely different data that is used to
develop the code and that's been a fu. lamental point of our
program from the very beginning, that there be a different
set of data, obtained as broadly as possible, from that
that's used to generate, producg the code in the first
place.

We've been very carazful about that, at least
try to be.

MR. MARINO: So, it would be very difficult to

tune at the 700 data points in any case, so we don't do

TR YO, OMRA T ApearroRs. e
- AT AeTYEL, ITREXT. L e WY W
CamenaTON, 3 L S



L

a8

L
N B -

e

ez ve D0

that. At least that's our intent.

wanted to discuss a little bit now about the
expected fuel code accomplishments for '80 and '8l. We've
just completed, as I showed you, the assessment of FRAP-TS.

We planned to complete and complete the assess-
ment of FRAPCON II which will be the last version of the
code. We're doing model updating as a result of assessment,
and new data will continue after this code is finished on
a maintenance basis.

A new version of the code, =~ I'd like to say
something like FRAPCON II-1ll, will not be on a yearly basis
from now on, it will be made only when we have enough
new information to warrant putting out a new version of
the code.

We plan to complete and assess FRAP-T6, which
is again going to be the last version of the transient
code, under the same conditions that I put up here for the
FRAPCON 2 code being the last version of the code.

And MATPRO-1ll, revision 1, was also completed
this year. Revision 2 will be out in fiscal '8l.

And that is simply updating again the models.
And, we are getting some new information in for some new
models on cladding creak down, which haven't gone in vet,
will go in to revision 2.

But this is phasirg down in cost and importance
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. ! because there's just not much more to do there.

2 These two codas will be on a maintenance basis.

LR}

MR. BEMENT: May I make a point?

4 : CHAIRMAN SHEWMON: Yes, sir?

L MR. BEMENT: I'm not clear yet that I've heard

) a clear statement of what your criteria for code reliability
7 | is because it hasn't been made clear the distinction between
i systematic and random uncertainties and how you next these

3 two to get an overall statement of code reliability through
'Q your verification program.

i MR. MARINO: We do not =-- We hope we see systematic |

‘ . 4 errors when we do our major assessment by plotting things ;
s like residual error versus say burn-out.
4 And, we look for those systematic errors, but
'3 . we don't --- If we see them, we figure it's in the model
‘4 and we go back and look at our model, with separate effects,

v to straighten it our.

‘1 MR. BEMENT: . was going back to Dr. Okrent's
9 statement, that the standard deviation or the three signal
e limits only tell you something about the random uncertainty.

-

It doesn't really tell you whether you understand anything

LR

I

more about nature through the systematic uncertainty.

‘ = And, I think, to get an overall gquotient or
criterian for code reliability, you have to have some way
of determining convergence on both uncertainties and I
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let the matter pass, but it hasn't been clearly stated yet.

MR. MARINO: Wel., if we see a systematic error,
I think that that's what you're getting at, we will attempt
to find out which model is causing that, but it will not
show up easily, I agree with you, on a plot of standard
error, for a large data code comparison. You will not
see that easily unless you do a very fine analysis within
that assessment.

CHAIRMAN SHEWMON: Let me change the subject of
that last code. Can you tell me -- If we loon at FRAP-T6,
or FRAP-TS as you see fit, =-- But, what I'd like to do
is to get some feeling for what kinds of accidents this
is applicable to and to do that, for example, does it get
into clad melting?

MR. MARINO: No, it does not.

CHAIRMAN SHEWMON: Dcoes it get into fuel melting?

MR. MARINO: No, sir.

CHAIRMAN SHEWMON: Does it get into change in
fuel pellet geometry as a result of gas release?

MR. MARINO: It goes into fuel pellet geometry,
as far as fuel relocation and cracking and splitting of
the boundaries, ves. |

CHAIRMAN SHEWMON: Okay. So, the transients --
The T stands for transient, doesn't it?

MR. MARINO: Yes, fast transients, let me make
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that more clear.

CHAIRMAN SHEWMON: Okay. But it still doesn't
get into a transient such as fizz gas addresses itself to?

MR.MARINO: No, fizz gas -- I'm not familiar too

much with fizz gas.

CHAIRMAN SHEWMON: Well, I don't know. What's

your version of £izz gas? We were talking about it --

MR. MARINO: That's a gas release code, fast

reactor.

MR. JOHNSTON: That's the fast reactor thing that

-=- looked at it and reported to us last week.

MR. MARINO: Fiz gas is a fast reactor, fission

gas release --

CHAIRMAN SHEWMON: You have a transient fission

gas release modeling?

MR. MARINO: Yes, this is for PCM type transients,

power cooling mismatch.

CHAIRMAN SHEWMON: Okay. But is there a change

in the geometry of the fuel pellet in that program?

MR. MARINO: It cracks only. It expands out, gets

thermal cracks.

MR. OKRENT: It's just a gut conductance change

they look for, but other than that they --

CHAIRMAN SHEWMON: So this is a very mild kind

of accident then, one that in no way changes the --
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MR. MARINO: As far as the state of the fuel
is concerned, yes. The cladding, we do have the deformation
of the cladding and the clad ballooning.

CHAIRMAN SHEWMON: Fine, okay.

MR. MARINO: I think we hit on this earlier this
morning too. Let's make that clear.

CHAIRMAN SHEWMON: Some students you have to tell
three times. I've still got one coming.

MR. MARINO: Okay. The major improvements
we expect with -- |

MR. OKRENT: Excuse me, Paul. You raised the
point earlier about work going on under kelver.

And, this relates to the guestion you had just
gotten into. The -- paople for 10 years or 15 years or
20 years, depending on when you want to start counting,
have been trying to look at the kinds of areas we've just
been talking about and they have done it experimentally and
they've obviously been trying to develop codes and so forth.

And, if this group is going to try to get into
that area, I hope that in some way they build as much as
they can on this very considerable body and the first
thing that they do is try to see how hard it is.

MR. MARINO: We have looked into that, Dr. Okrent.
That's a good point.

We have had --
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CHAIRMAN SHEWMON: There you in essence get into
core disassembly and how does it disassemble, and I think
that was the thrust.

MR. OKRENT: No, no. Even -- Just behavior of
fuel rods =--

CHAIRMAN SHEWMCN: As they change geometry, =-- the
fuel, not the clad?

MR. OKRENT: The fuel -- The fuel, indeed.

MR. MARINO: We've looked into the SIMI 2 code.
We've had some presentations in our office from the people
at Lasso who are developing that, and it's a very complicated
code, very long running.

MR. OKRENT: Well, there's a SASS series at Argonne
and other people have done similar things that deal with
the areas Dr. Shewmon is referring to.

MR. MARINO: This is large scale fuel motion that
you're talking about.

CHAIRMAN SHEWMON: Okay, go ahead.

I'm almost with you.

MR. MARINO: Okay. The FRAP-T6 will contain a link
with Fastgrass which I'll talk about in my next talk here,
which is a faster version of the grass code, from A&L.

It's going to have a new ballooning model, based
on MRBT results, multi-rod burst test results, which Dr.

Picklesimer will talk about right after me.
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It'll finally have complete dynamic storage alloca-
tion which we hope will make the programs more affordable
and easier for other users to use.

This is one of our main concerns with this code,
is it's getting so complex that people have difficulty running |
it and I've been pushing for a year and a half with my
people out at EG&G to get this thing more easy to use and
they are putting alot of effort in that area right ncw.

It's going to have an updated failure subcode,
crel 6, which I said was an over stress, over strain failure
model, which will be compatible with this more deterministic
balloon 2 model that we're putting in.

It will have an improved user input and output,
a circumferential varying heat transfer coefficient model.
Right now we can't model circumferentially varying heat
transfer coefficients.

We want that capability. This may help us also
in our clad ballocning modeling, and it should have many
many other smaller improvements which would bore you if
I went into them all.

Completion date for this thing is January 26, 1981.

GAPCON 2 improvements over GAPCON 1, is it will

also link with the Fastgrass code. It will also have
complete dynamic storage allocation.

It will have the pelet mechanical package from
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GAPCON 3 as an option to compare against the FRACASS model
from EG&G, and I'll tell you more about that on the next
slide.

It will have an improved Inel Mechanical Package.
It improved relocation models for both mechanical packages.
It will also have as an option to use the A&S 5.4 gas releasc
option.

It will have NRR approved PN model options, so
that they can use the code and put in and change Fhe models
they want to change and get scme analysis out c¢f it and
also many others. |

This completion date is August 15th, 1980. And,
as I said before, MATPRO~1ll, revision 2, is going to obtain
the BCL, Battelle Columbus Laboratories -- properties, work
done for Dr. Picklesimer.

The two-stress, two-strain University of Florida
data by Mr. Hartley, Dr. Hartley there, revised clad creep
and thermal expansion models from the inpile creep data
at the -- reactor, which Dr. Picklesimer will talk about
later and it'll have an updated hot pressing model from
Purdue University, which he's just completing this year.

Completion of this one will be in mid-1981.

And my final viewgraph of this code development
is concerned with work plan for fiscal '8l and beyond.

Now, here's where we'd like some input, I think, from the

’

TERA TR, (ORRATY BTN,  eC
8 TR AT, ITREXT L e AR D
SAMunETOR, I L e



It

il

N

ACRS on th.s, especially item A.

We want to begin development of a small break,
slow transient fuel rod dimage code, based on and linkable
to what we already have, FRAP-T and FRAPCON.

And the questicn is to how far to take this. We
don't want, at the moment, to take it to large scale fuel
melting in motion.

We want it so that it's fairly fast running because
these transients are over a long period of time. They're
not 200 seconds, they may be two hours. So, we héve to
change the code so that it can efficiently analyze this
transient over that period of time and we can do that.

We have the TMI boil code which Dr. Jechnston
mentioned at about last year which we can use as a start
for this thing, as well as FRAP-T and FRAPCON.

We initially will do it for a single rod, take
it right up to the point of clad melting and be able to
calculate all the oxidation hea; that oceurred and all the
hydrogen release at that point.

When clad melting occurs and we form the cladding
oxide utectic which runs down in the annulus between the
fuel and the clad and reacts with the fuel, and we get
this candling effect that Hogen in Germany saw.

And then we're going to have some fuel motion

to worry about and some new kinds of models to put in
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there as well as worrying about blockage of the channels.

Now, we intend to coordinate this work with the
German work, the Melson code work at Stutgart and what
they tend to do with their counter part of our FRAP-T,
ES-EST and see where we can put this in here.

Now, we're just in the planning stages. Tomorrow
I'm going to talk to the people from EG&G some more about
this and think of a single rod code that's fast running
initially and maybe have to expand it because of the concern
about blockage to a bundle-type code.

But in any event, we want to keep it as simple.
as possible and no where near as complex as FRAP-T.

CHAIRMAN SHEWMON: I -- Let me make one comment
on this, and others can too. But, it seems to me that by
the time you get into that sort of an accident, your primary
consideration has to be coolability which is going to get
you into geometry changes faster than your number of
countries are going to want to get there.

And, I think one of the main points in this area
that I'll bring up on the 9th is something that Harold
Etherington suggested to me a few months ago, and that was:

Do you know how the fuel comes off of a melting
fuel rod. That is, if it comes off sort of like wax
drips off a candle, that ends up to one kind of a geometry
down in the bottom, relative to other sorts of things.
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So, I would guess that, at least my push would
be meore for things that are likely to be experimental than
what you're going to do by incremental steps here where I
think you're going to have a fair amount of effort as you

suggest and still not be able to do anything that would

answer the gquestions of geometry changing thus the coolabilityf

of that fuel.

MR. MARINO: wé definitely have to have some
experimental programs to tell us what's happening‘and how
dependent the cocllapsing or the loss of integrity of the
rods are on the scenario of the accident.

As Dr. Okrent pointed out today, there's many
kinds of small transients can occur and if our final bed
of rubble depends on how we got there, then a code like
this is going to have to be very very complicated because
it will be past dependent.

If we can show from experiment that no matter
how you get this cladding up to that point and to interact
with the fuel, that the rubble at the oottom that you use
for coclability is the same, then we can take this code
up to the point of incipient clad melting, the interaction
with the fuel and then take the next step is -- We've
got a rubble bed, characterized by an experiment.

CHAIRMAN SHEWMON: I don't care how the cladding

breaks.
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MR. MARINO: Well, it's going to determine the
rubble bed you have and the coolability of the core.

CHAIRMAN SHEWMON: I'm not at all sure it is.

And if you end up having the clad melt off and your column
still stands there, then what comes next?

MR. MARINO: Well, it'll come down. In the small
break transient, it will probably hit some water at the
bottom of the core, freeze --

CHAIRMAN SHEWMON: Come down?

MR. MARINO: Yeah, in Hogan's experiments, gravity
pulled it down the rod and it burst out at the =--

CHAIRMAN SHEWMON: In a molten state?

MR. MARINO: In a molten state, yes.

CHAIRMAN SHEWMON: Well, we're getting too detailed.
Are there other comments on this before we --

DR. OKRENT: I would like to know in a more
general way what the purpose of A, item A is and what are
the small breaks that you think you are going to deal with
and what are the transients that you think you have to deal
with and how this relates then to what code development
you think is worth doing.

If there is not a single small break like there
was a large loca, --

MR. MARINO: I'm thinking in terms of generic

accident in which the cladding will boil -- excuse me, ==

TR YO (OWA T peeseTon,  eC
) W TS, ITREET. L ¢ WY W
AT, L L o



L

I

t

coolant will boil up at some slow rate.
Now, many times small transients will cause that.
I have not delineated all those transients.
But, like in Three Mile Island, where they had
the loss of coolant and they throttled the high pressure
injection system --
This code's going to have to be fed information |
on the water level in the core.
DR. OFRENT: But, you said a generic ac;ident like ==
MR. MARINO: What's generic about it is that th
water just boils down. |
DR. CKRENT: But, my understanding of Three Mile
Island was that the water just didn't boil down, that it
went up and down in various ways.
MR. MARINO: Right =-- That's right.
DR. OKRENT: And, this --
CHAIRMAN SHEWMON: That comes in the second year.
DR. OKRENT: VYes, that has unfortunately, a
considerable impact on the fuel behavior itself, as you
know, in fact, partly even from'PBF experiments, when
those more generally =--
And so, it seems to me in the absence of some
serious thinking an'. definition of what one is trying to
do at the beginning seems to me =--

CHAIRMAN SHEWMON: I would suggest they would
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end up taking a good risk assessment approach and therefore
the most probable bad accident, as I recall, involves the
loss of cooling ability or ability to put water in the

core completely and we assume the operator will do it right
if he has the ability, so indeed they may well start back
with a small break in power failure and it just boils quietly
down and melts.

DR. OKRENT: Well, now, that in fact, would be
a well-defined scenario sort of, although when you end up
it varies from plant to plant, et cetera.

If you really think that that's what you want
to know, then you should say also why. 1If it's going to
go on, item for item, as it were, through melting and so
forth, then if this is not =-- This is only an intermediate
stage, you're not very interested --

So, again, even within that context, one wants
to say, what is it one wants to know and why. I'm not
saying one shouldn't do such work but the problem is semi-
infinit if not greater.

And, I think at the beginning one ought to try
to have an idea of what it is you're trying to do and why.

MR. MARINO: Let me make that a little more
explicit then. Dr. Picklesimer will be showing you slides

this morning, I hope, of severe fuel damage on slow heating

rates in the KFK experiments.
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And, that gives us some idea of how the fuel
breaks down at very high temperatures around 2,000 degrees
centigrade.

We want this code to be able to atleast model
that, so that we know the kind of state the core will be
in if we get a transient that results in slow heating to
about 2,000 degrees C.

And, that's what happened, we think, at Three
Mile Island, and I think it's important that we are able
to analyze tiie situation as far as core coolability.

We all know that Three Mile Island Unit II was
coolable, but nobody knew at the time how coolable it might
be. When we assessed the damage, we thought the course
off. And, I think we should be looking into it.

DR. OKRENT: I don't believe that after 10 years
of work on small break fuel rod damage codes, given another
accident in which you don't have all the details in real
time, but only days, weeks, and months later, that you'll
be able to predict whether things -- coclable or so fortk,

I'm rather pessimistic about --

CHAIRMAN SHFWMON: You have now heard our comments.

You have taken up your allotted time. Let's not assume

that the committee's illiterate, so let's say we can read

the last two points.
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Is there anything that isn't written there that
you'd like to say?

MR. MARINO: No.

CHAIRMAN SHEWMON: So, we're ready to go on to
the next item, is that right?

MR. MARINO: Yes, sir, that's the fuel pellet
programs.

And, the objective of the fuel pellet and fuel
rod properties research is first, to provide info;mation
on changes to fuel pellets during steady state and transient
operation, to improve our models for calculating gap i
conductance in the fuel rod, and to determine the extent
to which fuel pellets effect the transient actual gas flow --
transient actual flow of the gas within the fuel rod.

We apply these results to improving our MATPRO
models and also our code models. We're hoping that if we
get a large burn up in some of these programs, which I'll
tell you about in the -=- reactor, that they might shed
some more light on the burn up influence on fission gas
release, and we're hoping that all of these things will
reduce our uncertainties and our stored energies calculations
in Appendix K.

The first series of tests I'd like to discuss
briefly are the --- tests that are being done via our

contractor, EG&G. There are two instrumented fuel assemblies,

| T YO,/ ONA TV Bemeromn,  eC
- T CAeTTE, ITREXT. L ¢ WY W
SadbendT, I L e



L

-~

~

that's what IFA stands for, 4.29 and 4.30. 4.29 was pri-
marily set up to study the absorption of helium for a pres-
surized rod under long term study conditions, and also
to study gas release under small transients of 50 to 100
percent power changes.

-- 4.30 has just gone in last year. It's an end

reactor measurement of transient, actual gas flow and center

line temperature, as a function of gas size power and gas

flow rates.

And, this is done by putting -- boards ;f gas
connected to the rods so that we can change the gas compositio?
and put pressure differentials across it to measure the
rate of flow of gas through the rod after various kinds of
burn ups in powers in the transient.

CHAIRMAN SHEWMON: Is helium what most vendors
use the pressurize their fuel?

MR. MARINO: Yes.

DR. OKRENT: What does an I.F.A 4.29 or an I.F.A.
4.30 experiment cost in total?

MR. MARINO: Okay. The instrumented fuel assemblies

were build when I got on the job. And, all I know is what

it's costing us now for data reports and something
For each assembly, it's something like $40 to $50K a year.

I think Bill Johnston might have an idea of the

cost of the assembly.
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MR. MARINO: These are accomplishments up to date:

329 ana 430. Would you like me to read them, Paul, or do you
think I should move it through fairly fast?

CHAIRMAN SHEWMON: You might highlight. You might
highlight.

MR. MARINO: Okay. The hearing on helium absorption
in the highlight is that there was very insignificant amo;nts of
helium absorpt’on. And so we don't really have to bé concerned
with that.

They really don't -- They are up to 24,000 megas a.
day per ton burnout, and they really haven't done
enough transient gas release work on it yet. We are waiting fon
more information this yeawr.

Even 430 began irradiation 11-26-78, and it
has already given us some good result on siting relocation
during start-up period. We had originally thought that we woulJ
completely close the whole gap at the first power ramp, and
they are finding that they don't close at all. About 20
percent is still left, or the cracks in the fuel are big enough
so that they get fairly good actual transient gas flow.

They have also -- And these are used in verifying

the codes because the separator affects things =-- have
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DR. OKRENT: Round numbers, is it $1 million,
$3 million?

DR. JOHNSTON: It depends on the experiment, but
it's around $250,000 to $400,000. 4.30 was very expensive

and I think it was $385,000. In other words, in the order

of $150,000 to $200,000.
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./2 ! changed the gas mixture up to ten percent zenon, and

found that Frap 10 predicted about a 20 percent lower

LR
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gas induction than was actually observed. Now, this
é tells us that our gas mixture correlations in the fuel

: clad gap in Frap T and Frappon may be in error at

pressures above one mega pasquel in the gap and con-

o

centrations of zenon up to about ten percen., 6 And
$. | we'll have to take another look at that.

MR. OKRENT: Excuse me. On IFA 430, might
that result not depend on its relevant design and
operating conditions and so forth? I mean if you had

fuel rod where there was a lot of creep down so that

you lost the bulk of your gap =--

MR. MARINO: Just from the cre~p down alone,

ves.
4
MR. OKRENT*® And you might get a different
, result, or if you 'ud a bigger gap initially, you could
'8
- have it go the other way. I would think that =--
» MR. MARINO: That's quite the case. The larger
21 the gap, the more relocation you have to start with,
- yes.
-- MR. OKRENT: I'm ‘ust wondering whether the
‘ 4% ! result you got is applicable generically or =--
‘ y. MR. MARINO: It is for the initial start up.
(NTIRNA NORAL /ORA TN ApEneTIRG wC
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There is very little creep down at that point and its
initial relocation =--

MR. OKRENT: Yeah. But is that all you're irn-
terested in -- where -- with regard to gas flow?

MR. MARINO: ‘io, it's going to continue. This
is going to continue under radiation, and there will be
creep down. We'll be studying it as a function of burn-

up, ves.

MR. OKRENT: All right. Let me leave it at
that.

MR. MARINO: These are the instrumented fuel
assemblies we designed to study the fuel rod properties
in the steady state condition. 1It's a matrix of gap
size, fueld gas composition and power. And they are
just designated by even numbers, and there's a whole
part of the matrix to study the stored energy. You've
seen this before.

And this is ether 513 which is the same ether
41 which was originally put in to have well characterized
fuel rods to use later in PBF tests. We haven't really
decided what they'll be used for, but they will be used
for transient tests, and so they will be characterized.

Now, these =-- this slide shows the accomplish-

ments to dates for either 431, 432 and 513. Remember
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these were for stored energy caiculations and gap con-
ductants. And they found so far no high burnup enhanced
fission gas release, but of course, they're not up to
where we would expect it yet. It's only 24,500.

No adverse effects noted in two rods that con-
tained densifying fuel. Whern this test was originally
conceived they put in two rods with unstakle fuel, and
they didn't see any lcng term advsere effects.

The development of a new model for fuel
location =--

MR. OKRENT: Excuse me. What does the term
adverse mean?

MR. MARINO: It means the rods did not operate
at higher than normal operating temperatures of companion
rous that had non-densifying fuel. That they did not get
more stored energy in them at the same power.

MR. OKRENT: So they are measuring central
fuel temperature?

MR. MARINO: Measuring central fuel temperature.
Yes, sir. The development of a new model for fuel re-
location and effective fuel conductivity and cracked
fuel elastic-modulized that P&L is putting into FRAPON
2. We've seen some very preliminary results of this,

and they've done a very nice job, and they're lowering
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our experimental uncertainties when we get fuel cladding
lockup; vhen we get a large amount of stress imparted from
the fuel even though it's cracked to the cladding.

And this is important in our later analysis of
belt-padding interaction. They also found, of course,
what you'd expect from this that the fuel conductivity
is reduced when it's cracked bv 20 percent, and the
moduli of the fuel to about 1/40 of solid UO2.

They also have found that except for a very,
very small initial gap rod that all these rods 2fter
startup and running -- after 10,000 megla a day per ton =--
reach essentially the same center line temperature re-
gardless of the initia. ap unless it's very small.

And the fuel gap and everything else =--that they
get very close to a constant number. Yes, sir?

CHAIRMAN SHEWMON: Going back to one, as I
recall there's been some disagreement at least between
Adrian and Ralph that I think of as to how much of this
is burnt up dependent and how much is temperature. And
will this tend to settle that, or do you have =--

MR. MARINO: We will have detailed temperature
histories of all of this stuff very well characierized.

CHAIRMAN SHEWMON: You feel that it will answer

that question, Ralph, or do you lock into it?
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MR. MEYER: I think it will take tests like
this. I'm not sure that this one alone will do it.

MR. MARINO: Yes. We also have E 429 which can
stay in longer, too.

CHAIRMAN SHEWMON: Go ahead.

MR. JOHNSTON: No one test answers any specific
question as ycua are aware because it is stocastic thing.
But nobody ever said that there was an enhanced burnout
below about 30,000 so that the fact that you haven't seen
it yet doesn't tell you anything.

CHAIRMAN SHEWMON: The Von-Vogel research man
though is to a critical experiment, and I just hope that
you were getting enough discussion to make this at least
as cr.tical as one could.

MR. JOHNSTON: There are many other fuel
elements in reactors right now that are going to 50,000
burnup right along with these. And then all of these are
contributing to that information.

This does one thing specifically. It has a
special shutter on it so that we can change the power
level. We can docuble the power level. That's been going
on now for three vyears.

That's ether 429, Bill.

MR. JOHNSTON: That's all right. Are you
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talking 30?

MR. MARINO: 31, 32.

MR. JOHNSTON: Oh, I beg your pardon anyway.
Well, that's part of the answer, though, to the guestion
anyway is that we have a power =-- a way in there of
changing power.Up to the levels that it's had so far
doubling the power does not give any large increases in
fission gas.

CHAIRMAN SHEWMON: Good. Okay.

MR. JOHNSTON: That is measured directly in
file.

MR. MARINO: Our last program is the ANS
gas release, transient gas release studies at Argonne
National Laboratories. First of all, just to update
you on the Grass SST development, the final version of
Grass Mot 6 has been completed and submitted to the
Argonne code center with a driver so that people can
now use this code independently of the fuel codes.

Grass SST has undergone verification against
the involved radiations, some of the PBF and some
of Zimmerman's work on very hich burnoff gas rates.
And also the BEH transient tests which I'll talk
about is part of this thing which was completed in

September of 1979.
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Now, this slide shows how Grass is done against
the DEH test to date. And it looks pretty good =-- it's
got major gas release versus predicted gas release
with PCN type transients. These things range from 10
degrees K. per second toc 500 K. per second transient
time.

You'll note the two points that seem to show
a underprediction of the gas release. And the reason
for this is that when you get above about 25 or 30
percent gas release, the microstructure of the fuel
shows very fine microcracks throughout the fuel. This
is unconstrained fuel.

And the gas code has no models in there to
account for cracking at the grain boundaries due to
their reduced strength because of the high concentration
of freezing gas bubbles on the grain surfaces.

We are going to try to improve the Grass model.
Jeff Rest is working on this for us, hopefully to pull
these points on to the line. We think we're about as
good as we're going to get down in this region here.

Now, the next item we did was since we tried
to connect these codes to our fuel codes, the grass code
was so long running that it made connecting them pro-
hibitive in computing time so as Jeff -- Jefi Rest looked
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at developing a faster version of the code which is not
a fast marijuana -- fast Grass -- and he has done that
successfully and developed something that's based on
less numbers of bubble classification sizes in his very
fine model for gas release. And it's 10100 times faster
in execution than Grass SST.

It's been verified against Grass SST and the data,
and the next .iewgraph shows you that. And you'll see
that even though this code is considerably simplified
over the very, very detailed code, this does just as well
down here as the long-running code, but a little more
poorly up here where we only had bubble size classes of
two -~ two size classes allowed in fast Grass. However,
it is much faster.

Mcdeling activities planned for the remainder
of the fiscal year is to complete Mod 2 of fast Grass
which will have only ~ e size class for the bubble, and
we expect it to be much, much faster.

I'm still not satisfied with having a code
even as fast-running as fast-grass to be our gas release
model for best estimates in our Frapon code. I asked
him if he can develop a set of algarithms, and a parametric
equation, so to speak, by using Grass SST under many,

many conditions, and getting a set of algarithms that we
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could put into a fuel good and call it Para-grass which

'
)

would really enhance the speed. So we're working on that

LRl

3 area.

s | Grass SST calculations will continually to be

$ performed to analyze LWR transients, and ANL will continue
s ? to assist EG&G in applying these codes.

7 Now, the experimental program, as I told you

: earlier was completed, and they're writing a draft

’ report now. It's coming out May 2 on the analysis of

" all the DEH tests

The major results of this experimental program :
are empirical transient gas release correlation was

developed for his particular tests, and you should use

it with caution. 1I'll show it to you. Microcracking of

the fuel was shown to be very important in gas release

. rates above 30 percent.
: That's a very important part of this thing.
s The data was used in the verification of the Grass code.
3
:o And constrained color had significantly less gas release
b
% than unconstrained colors, and I'll show you this in the
-l next slide. And this is also an important characteristic
pes
2 of this program.
' 2 The program is completed though. A lot of analy-
. - sis has to be done yet, and Jeff Rest will keep putting
[NTORA ORAL /TTRATIM RpoeTows  sC
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all this information into his analysis of Grass.

MR. OKRENT: Would you mind defining the term
microcracking as used on that slide?

MR. MARINO: Microcracking =-- my understanding
of it is the separation of grain boundaries. 1It's a very
fine scale. It's along the grain boundaries. And if you
look at the structure, that's what you see. 1It's not
across the grain. It's not trans-granular.

CHAIRMAN SHEWMON: The bubbles all assemble on
grain boundaries, and pretty socn it doesn't know whether
it's a bubble or a grain boundary, and it breaks. I
mean if there's enough pressure in there, you do a
stress analysis. It opens up.

MK. OKRENT: I just want to understand the
context there. Okay.

MR. MARINO: And if you have constraint on the
pellet, it inhibits the grain separation even under your
thermal stresses. And you see that -- this is where
Steve Gell has plotted all his DEH gas release data.

And he attempted to get an empirical correlation based
en the maximum temperature gradient in the fuel and the
heating rate in the fuel starting from PCM -- starting
from the normal condition in a rod and giving it a PCM

type transient.
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3/12 | And he found that for his unconstrained tests --

: these are the white circles -- you'regoing to have to look
: at your handout. This is not a very gooud viewgraph.
’ That he can get a correlation pretty good. But when he
: did his constrained tests which are the dark circles
v | where he put a boron nitrite sheath around it
: to constrain the fuel from expanding, he got much ==
; considerable less gas release.
’ And he s 7 considerably less microcracking of
° ? the fuel as well. 1I should say that.

‘ . MR. OKRENT: Now, there are theories that have

‘ ) been developed at Argonne =-- there's a paper by Detrick

; and Demelfie, for example, and some others where they
14
= try to predict when you get microcracking as you've used
- |
“ | it, and presumably the theory should indicate the im=-
- portance of whether the fuel is constrained or un-
8 constrained because this is analyzed -- has that been
‘9 done, and have they gotten some kind of analytical under-
*0 standing of the empirical behavior that you're reporting.
1 MR. MARINO: That has not been done, but it's
= being planned to be done in Fiscal '8l as far as this
| program. It has not been done because these tests

. s were just completed a few months ago that really showed

. pi. | ! the effect there. That's a good point, yes.
R
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And so there's the correlation. I think you
should use it with caution. It has to be PCM type
transient. I would sooner use the Grass code to make
the calculation. Thank you very much. That completes
-- yes, sir?

MR. BEMENT: On the constraint test data, if
you were to replot them on the previous slide where you
have the two points that fell off the curve, does this
now draw it into the curve?

MR. MARINO: Yes, it would. I didn't replot
them myself, but it would bring them inucloser, yes.

MR. BEMENT: 1In other words, the extension of
the low burnout data out to the higher results would
closely correlate against constraining fuel.

MR. MARINO: Right. And the Grass code does
not have a model for microcracking and gas release due
to that. It says the gas atoms accumulate on the
grain boundaries. The bubbles form on the grain kounda-
ries, but only at the grain edges wher you build up a
sufficient concentration of bubbles on the grain edges
can you then get the venting of the gas out to the fuel.
Any other gquestions?

MR. OKRENT: 1I'll make an observatior. I have

a student who's trying to do this problem for transients
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with a model for cracking in it. I don't know whether it
will be successful, but we'll try to, I guess, para-
metrically put in some kind of constraint effect to see
whether it comes out. |

MR. MARINO: Yeah. Maybe I can have Jeff Rest
contact him since they'll both be working in that area
they could correlate some of their work. Anything else?

CHAIRMAN SHEWMON: Okay. Thank you.

MR. MARINO: Thank you.

MR. PICKLESIMEN: I have responsibility for the
cladding research programs in the fuel behavior branch.
Since there was so much interest a little earlier in
what liquified fuel looks like I'd like to take some
slides out from this afternoon's presentation and show
them to you first.

This is work that was done by Hagan and KFK
where he has an eighth rod bundle, and I don't know whether;
you can see the lower part of this or not. You're looking |
-- these numbers represent these fuel rods, and you're
looking down on the bundle so that in this picture
you're looking at this way at Rod 25 -- right in there.

25 is in the middle. 31 is the one that goes
up along the slant. 17 is the one that goes up here.,

Now, this one was heated at two degrees heat per second
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to a temperature of the center 125.

CHAIRMAN SHEWMON: How was heated, and how was
it cooled?

MR. PICKLESIMEN: The outer rods =-- eight of
them or seven of them have tungsten core heaters, EO2
repellants and they're heated and steamed. There is
a lumina zirconia blanket, insulating blanket around the
outside. Otherwise, it couldn't get up to 2000 C.

The center rod has solid EO02 pellet on it. It
is heated only by radiation. This one went up at two
degrees heat per second to 2000 degrees C. on the center
rod. It was cooled by simply turning “he power off
leaving the steam off. There was no fast cool down.

Now, you can see the condition under cladding.
If you loock at this rod here, you're looking at the
sign. I'll rotate that 90 degrees, and that is this
rod right here. You can see the tungsten wire core and
the EO02 pellets.

Now, this other one here -- 32 -=- you can see.
There -- that's the only one. Okay. Now, there's a
good bit of what I call liquified fuel dribbled down
in that bundle. Now, the cladding is colder on the out-
side, and the center, towards the center, will get hotter

faster. So that is where your first liquified fuel will
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form. That's where you first detect it. And the
zirconiom oxide will form, go in against the fuel,
dissolve some EO2 and then find some opening somewhere
down the clad where it will come out.

That's what we call candling or liquifying
fuel. Now, you notice the shattering that there is here.
And this was just on standard steam cocling with the
power turned off. If this has been hit with water,

I'm sure it would have been much, much finer.

Now, this is a companion bundle that was heated,
at I believe, 1/2 degree C. per second. 1It's either a
half or a quarter, and I'm not sure which one it is.

I think it's the half. In steam again, the oxide formed
on the cladding is much thicker. There is much less
zirconium present to form the u-tective, and it forms
much less of the liquified fuel.

Tuis bundle broke right in here, and this is
what you're looking at here on the higher magnification
shot. This is liquified fuel. It has dribbled down to
£ill up the subchannels.

MR, BEMENT: Do you have any metallography?

MR. PICKLESIMEN: They have metallography oa
it. I have no reports of that metallography except

verbally. I will see this in June in a week-and-a-half
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visit at Carlsrobe. I will be talking to these people.
They have a considerable greater amount of work that
I'll be able to get my hands on.

And I'll be getting that work from them then.
Now, rather large -- I'm sorry.

MR. OKRENT: Now, what is that we should have
gathered from the pictures we just saw?

MR. PICKLESIMEN: I'm sorry. I didn't under-
stand your first words.

MR. OKRENT: What should I have learned from
the slides you've just shown me?

MR. PICKLESIMEN: You were asking the question
earlier of did we have any idea of what the melting fuel
looked like when it .as coming down the line. That's
what it showed you.

MR. OKRENT: 1In this experiment?

MR, PICKLESIMEN: 1In this experiment. That's
right. They have other experiments that are a different
heating rates, different steam conditions =-- a wide
variety. I have some of the data. I don't have all of
it. I'll get the rest of it in June.

We have a fairly large handout of which I
included a number of pages for your information. I don't
intend to cover them. I'm only going to hit the high-
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lights of this. So we will have to flip a number of
pages in the handout. Now, the first program I want to
talk about is the multirod first test at Oak Ridge which
has turned out a good bit of data. 1It's being used in

a number of studies and so on in licensing and throughout
the world.

The objective is to characterize ballooning
burst and loss of flow area in bundles. A second
objective is to determine the scaling factors goirs from
small bundles to large bundles. How large a bundle must
we test to get something that is prototypical of a large
bundle?

We were required to do this work initially as
a command essentially of the Commission in 1973 to better
characterize the ballooning and flow blockage in bundles.
A requirement of 10 CFR 50 == I think it's in Appendix
K -- states that the extent of flow blockage shall not
be underestimated.

The present embrittlement criteria in 10 CFR 50.
46 require better estimates of the rod ballooning and
the rupture sizes, rupture strengths to insure tha: they
don't exceed the 17 percent equivalent clad thickness
converted to oxide limit.

Now, there have been pre-bundles -- overboards
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have been completed. The data have been determined. There
have been flow tests conducted on them, and the data

of that is essentially in hand.

There will be an eight bundle burst, we hope,
about June 1. The bundle has been constructed. It's
not being inserted in the facility, and we hope by mid-
July to have a fair bit of information on the 8 by 8 Lbundle.

We also have constructed a new single rod
test facility which is turning cut some very important
results which uses a heated shroud that is lamped with the
specimen in a duel-data track system so that the average
over the shroud is within one or two degrees C. of the
average temperature on the right.

Now, there are temperature gradients everywhere
in this, and this average has to be taken with =-- some-
what with a grain of salt. But there are no large
temperature differences between the rod and the shroud.

CHAIRMAN SHEWMON: The subassemblies down there
or clusters are three feet long -- is that right?

MR. PICKLESIMEN: Yes. Theheated link is
three feet. The total assembly is six feet. And you
have to drop extensions, get your thermal couples out and
pressures and so on. The heated length is three feet.

Now, this upper section of this viewgraph shows
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you a typical cross section of a first bundle. Now, all
we have done is after the bursting the burdles, these
have been flow tested. Then they have been mounted in
epoxy, and then they have been cut, and most of these
cases, they're a cut of one centimeter increments over
the full length of the three-foot heated length.

This shows you what one regions of one bundle
which has the maximum number of bursts and the maximum
loss of flow area within that. Now, the loss of flow
area is defined by the area occupied by the newly
expanded cladding at that cross section.

Now, when you plot that for each of the sections
along that bundle, then in bundle B-3 which is the
last one, it went up at 10 degree C. per second bursting
in the neighborhood of 830 degree C., we wind up with
loss of flow area now here as much as 80 percent =--

75 percent by a one definition -- 90 percent of one
particular point by another definition which I won't

go into unless you particularly want to. The average
loss of flow area in this bundle is in the neighborhood
of 60 percent for the maximum.

Now, when we take this data and plug it into
Cobra 4, we then can come up with and predict the

pressure drop measurements that was made on that bundle.
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Here are -- the points here are the actual
pressure drop measurements. The line is the calculation
using the loss of fluid area data. Now, the most
significant finding of the recent work in that is they
took two rods -- they took two rods from Bundle B-3,
the last one that was heated, made single rod specimens
out of them, put them in heated shroud, and ran them
under the same conditions that the bundle was ran.

Then they have done a strain profile =-- section

strain profile on both sets of rods with the same heater.
1nese two specimens, one in the bundle and ornein the
single rod test had the same heater. Now, they are not
identical because the rods have to be removed from the
bundle specimens. They have to be straightened. They
have to be recoated with zirconium oxide spray cocating.
So they are not quite identical to what they were before.

But if you look at the area under the curves
here, and you look at the string padding, you can say
that the single rod tests duplicated the behavior in the
bundle. Now, the second one here shows a greater
deviation in the first points, but again, we've got the
same kind of behavior.

And we're convinced that these two specimens,
two single rod tests say that the single rod test with
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the heated shroud is duplicating bundle behavior.

There are two more specimens being run next
week or this from a second bundle, and we will find out
how well that matches. If this is correct, and our
8 by 8 bundle which will run the first of June shows
the same results as our 4 by 4, now we have a scaling
factor. Now, we have a test method using single rods
to approximate bundle behavior.

All right. The next program I'd like to talk
about is one that has been called in the past Mechanical
Properties of Zircoloy. It is now being called code
verification. Why -- I don't quite know, but it has
been. Phase one has been concerned with a study of
the embrittlement behavior of zircoloy being oxidized
in steam. Again, as a requirement by the Commission in
1973 that we establish more quantitative environment
criteria, based on material properties, whether it's
in the 17 percent oxidation limit and the 2200 F. heat
temperature that has been the present criteria.

Now, phase two which is getting underway now.
Phase one is completed. The final reports are being
published. I have a copy of one of them in hand. The
other one I should have in the mail very shortly. But

they should be published and distributed within the next
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month so phese one will be completed.

W#e do have new gquantitative embrittlement
criteria. We'll be preparing a research information
letter to NRR on that this summer , Phase two, which is
just getting started, and is looking at the stress
rupture properties of spent LWR fuel cladding to try
to understand a different mechanism for pellet clad
interaction failures and the stress relation cracking.

This will be done by external pressurization
cf specimens, an internal manual to load them, and a
simulation of the real stress geometry that you encounter
in the reactor during a power event, then the manual will
be ramped to stress the cladding, and it will determine
the time to failure. We will do this in high pressure
autoclaves at temperatures like 300 to 350 degrees C.

When we have looked at it -- as a stress
rupture mechanism without stress corrodents, then stress
corrodents will be put inside the specimens and we will
begin. This is being done entirely with irradiated
frap.

Now, I'd like to get a couple of slides for
the embrittlement criteria. One of the problems that
you have with embrittlement of zircoloy by steam at

temperatures up to circa 2500 F. is that you also have a
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problem with hydrogen on the inside of the specimen away
from the rupture. As you oxidize the inside surface of
the rupture area, you liberate hydrogen which diffuses
down into the gap and is absorbed on the inside of the
cladding at the lower =-- and a different level.

All right. Here is tue fracture mechanics
K1D, fracture characterization, dynamic fracture cut up
from this value =-- for zircoloy hydrogen for temperaturés
under 600 K. and for zircoloy oxygen for temperatures
under 400 K.

Now, the 600 K. is determined by the solution
of this amount of hydride in the zircoloy 30 that it's
no longer is embrittling, and as you can see on a
atom percenc basis, oxygen is considerably more embrittling
that is hydrogen. This means that for the most part when
we're looking for embrittlement criteria, we want to look
primarily at oxygen. |

Now, this is something. We have a different
way of plotting the data against temperature for K1D
of ten mega pascals in per meter square root against
oxygen concentration. And these are the way the data
points study for an impact test at .75 meters per second.

This is a drop foot test. Yes?

MR. BEMENT: Can I clarify one point? With
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is it not necessary to take

into account hydride orientation or reorientation of

hydrides, or is the -- it seems to me the concentration

was in the range where you could get significant hydride

formation?

Mk. PICKLESIMEN:

at temperatures like

MR. BEMENT:

Your hydrogen pickup occurs

800 C., 14 or 1500 F. and higher.

So what you're saying is the

solubility of that temperature is such that you don't

have to worry about it.

MR. PICKELSIMEN: That's right.

And you don't

have stress cladding whnn you're cooling back down

because ycu have ruptured.

MR.BEMENT:

cooler regions of the cladd.ng where the temperature isn't

But if the hydrogen migrates to

quite so high, then you cculd have some hydride forma-

tior o. some concentration?

MR. PICKELSIMEN:

oriented hydride?

MR. BEMENT

MR. PICKELSIMEN: Yes, it would be possible, but

: Yes.

You're talking about stress

I don't think you can go that kind of distance. You're

talking about several feet in that case in a rod that is

being heated up in a

LOCA.
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MR. BEMENT: Well, I'm just trying to recall an
experience froin pressure tubing in can-do reactors and
other reactors wherc you can get hydride or hydrogen
migration over rather significant distances.

MR. PICKLESIMEN: Yes.

MR. BEMENT: And especially in fuel rods where
it can go into the weld cap.

MR. PICKLESIMEN: We have looked at this hydride
distribution and hydrogen distribution in these specimens.
Now, all of the specimens that show the oxgen curve also
have hydrogen present. And we have characterized this.

It does go down to regions like two inches away
from the rupture, but that's the extent. .»w, we have
used this 3ata to try to assess the embrittlement criteria
for the present and the proposed ones, and the point on
this slide I vant to show you is this data right here.

The present embrittlement criteria for 70
percent equivalant reacted to oxide and 1477 feet, 2200
F., as to heat clad temperature. We're proposing twu
embrittla2ment criteria to be used for dif{erent circum-
stances. For thermal shock resistance, we're proposing
that tha2re be at least one-tenth millimeter of wall
left i1n the cladding that has no greater or has less
than .9 weight percent oxygen in it.
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This insures that there is enough ductile
material present in the cladding tc withstand thermal
shock on quenching. And this is a vater gquench now;
not just steam cooling.

The second one 1is an impact. limit based on
handling accidents, bundle drops, seismic events, this,
that and the other as best we can up with -- what might
happen to an embrittled bundle after the accident is
over.

Now, you're disassembling. Or you have an

earthquake or whatever. Now, if we have 3/10 millimeter

of cladding left that contains less than 7/10 weigjnht
percent oxygen, it will withstand a significant amount
of impact loading. It will withstand a bundle drop

accident accident without shutters.

All right. What they did was to take the Fort

Calhoun FSAR, and take the two curves -- this is Exxon
reactor -- take the two curves, one for the rupture

zone which goes up to this temperature and then comes

back down. And then one -- the other for a node that is

about a foot away which is the peak clad temperature
note which is this -- we took those two cases and
calculated using =-- I can't remember the code at Oak
Ridge that was used for oxidation, diffusion, =o on.
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We calculated their oxygen distribution, com=-
pared to it the empirical data, and they come up with
evaluations like this. For a Fort Calhoun here on a
double leg, a cold leg break --the performance limits
upon this say that -- let me thing =-- which way
ynou come out here -- if this number is one or greater,
then this accident analysis met the criteria that is
given here.

This one met the criteria. This one over =--
this one just barely missed. So that we have a condition
here where the 17 percent in this particular analysis
now because of the large strains that were present in the
cladding under this ramp, and he calculated two surface
oxidation. Now, the FSAR only calculated one service
because the peak clad node was about a foot way from
the other node.

Now, Caster calculated for two-sided oxidation,
and with two oxidation, this did not meet the 17 percent
equivalent clad reactor. One side at oxidation =-- this
would be 1.5. It would have met it. So we're looking
here at thermal shock. In both pieces the new
criteria are well met inthis accident, and the fuel

handling accident -- it's met in one case and not quite

in the other.
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CHAIRMAN SHEWMON: Now, Pick, the -- in the
LOCA, you would oxidize much of the length of the sub-
assembly or the core.

MR. PICKLESIMER: On the outside.

CHAIRMAN SHEWMON: Whereas your two-sided model,
would only come in over the order of inches around the
crack =-- is that right?

MR. PICKLESIMER: That's right. And since
this node -- the peak clad temperature node was about
a foot away from the rupture, I think it is not cricket
to bas2 that number now on two-sided oxidation, and it
needs to be based on one. And if it was one-sided,
then that is 1.5.

CHAIRMAN SHEWMON: Fine. Okay.

MR. PICKELSIMER: Now, the phase two part of
this study is just getting underway, and it is concerned
with the stress rupture program where I won't go through
the entire list here -- the program is scheduled to
start this year. They should be underway in a few months
with actual experiment. work. They have the cladding
in hand. They will be doing most of their work next
year, and in with the stress rupturs in 1982 -- FY '82,
they should be working with stress corrosion,

Now, I'd like to tell you about the overall
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pellet clad interaction program that e have been planning.
There are a number of components of it. We're going to
be loocking at kinds of failure by stress rupture in a
study which is work that Caster is going to do starting
now.

They'll look at the effect of stress corrodents
on kinds of failure, and that will be the work he will
be doing in FY '82, We'll be looking at spring rate
ramping on public clad interaction figure out of pile.
This is work that will be done by Phil Pankaskie at
present planning at Battelle Northwest.

CHAIRMAN SHEWMON: What's spent fuel cladding?

MR. PICKLESIMER: It is cladding that is removed
from spent fuel removed from reactors. H.B. Robinson
had about 35,000 megawatt days per ton burnup. And the
fuel has been removed from it.

CHAIRMAN SHEWMON: But PCI is not storage pit
problem. 1It's the in reactor transient problem.

MR. PICKLESIMER: That's right.

CHAIRMAN SHEWMON: So what you're doing is
saying that this is fuel which represents end of life,
and that's what the property measurements would be done

on.

MR, PICKELSIMER: Essentially that. We're using
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this as a source of irradiated cladding that has had
typical LWR operating conditions, and we're looking
strictly now at the cladding features. When we get to
stress provoked, then we'll be looking at the other.

CHAIRMAN SHEWMON: Well, if you were writing
to the public, I would suggest that you leave spent, I
guess ==

‘MR. OKRENT: Why is NRC doing this and not DOE
or the industry?

MR. PICKLESIMER: Because the major release
from operating BWR's is clad gap -- or gap gases released
by public interaction failures during normal operation.
That's the greatest activity release to the site from
BWR.,

MR. OKRENT: I'm sorry. You answered a different
question. It must be a different guestion.

MR. PICKLESIMER: It is a safety question in
that we have =-=-

MR. JOHNSTON: Operational transients =-- not
normal operating.

MR. PICKLESIMER: They determine these
transients during their yearly runs.

MR. OKRENT: Why is NRC doing the research and

not the industry or Department of Energy?
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MR. PICKLESIMER: Ralph, do you want to answer
this. Ralph Meyer.

MR. MEYER: I think the answer is largely a
matter of motivation. We see that planning interaction
is a failure mechanism analagous to the way we use DNB
limits in licensing. And there -- we don't create a lot
of enthusiasm in the industry for going after new failure
mechanism that may cause some penalties in licensing.

And the industry is very much interested in PCI,
but they will argue philosophically that they don't think
it's a safety concern so they concentrate their effort
exclusively on fuel longevity, and we see a definite
safety connection with this failure mechanism and since
they don't do it, we feel that we have to.

MR. OKRENT: Again, it seems to me there are two
different questions. One is are there safety related
issues that arise out of a fuel element failure, and I
guess -- I'm not trying to argue that issue.

Certainly one can make a case that this affects
dose to workers and so forth. I was asking if the NRC
thinks this is a safety question, why nevertheless it's
the one that should be doing this particular kind of work
which is a rather detailed and speci’ic kind of property
measurement thing.

INTERNATIONAL /ORBA T AERonToes  wc
- AOUTH CATTOL, STREET 4 e WITE a7
WABUAGTDN. 3. L oea




)

/33

-

.

2 o 0%

MR. MEYER: Would you like me to continue to
answer these questions?

CHAIRMAN SHEWMON: Why don't you? You're the
user in this case.

MR. MEYER: There are only a couple of mechanisms
that fail fuel that are related to operating conditions,
and one of them we regulate religiously, and that's
the portion we boil them. I see the cladding interaction
is a nearly complete analogy of that in terms of fuel
damage, and there are two reasons for being ccncerned
about those, and included in the safety analysis.

One has to do with the general design criteria
that have us insure that during the condition one and
two events, the fuel operates according to specified
acceptable design limits, and DNVR is one of those
design limits, and we think there should be one for PCI.

The other .-eason is because when you get into
the lower probability events, the transients and accidents,
where fission products are released you need to make an
estimate of the fission product releases. To do that,
you need to make an estimate of how many fuel rods of
any of the gases.

And if you overlook one of the major mechanisms
of failure, then you overlook a source of fission products
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CHAIRMAN SHEWMON: So you see this as a way to
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help you define how you can set better design limits for

‘ the plants instead of -- s0 you can rely on a more common
: failure mode that DNB?

|
. MR. MEYER: It doesn't replace in DNB.

CHAIRMAN SHEWMON: I didn't say it did. I just
said it's a more common failure mode than DNB?

MR. MEYER: That's correct. We haven't failed

many fuel rods by DNB commercial reactors, but this

one,
' 12
L.

‘ CHAIRMAN SHEWMON: This one. What's this one?

we know, works.

MR. MEYER: PCI.

CHAIRMAN SHEWMON: PCI does fail.

18
" MR. MEYER: We know it's a failure mechanism
a2k that operates.
8 CHAIRMAN SHEWMON: Yeah.
19 MR. MEYER: And the kind of conditions that can
20 be experienced.
1 MR. OKRENT: The question being answered is
really a different question. My question is who should
- do the kind of research =--
. i CHAIRMAN SHEWMON: Their answer is when it comes
. pl | to setting criteria, not whether or not they -- how they
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want to phrase the design basis they'll make people
react to that the they think the NRC should.

MR. OKRENT: But you can set criteria in a
general way, and then the industry has to develop
operating modes or whatever.

CHAIRMAN SHEWMON: That's right. You can do that
with regard to vintage containments or anything we do
research on.

MR. OKRRENT: That's true, and you want to have
enough knowledge about the situation to know it is you're
doing, but I think there is a question as to whether the
NRC -- how detailed they get into looking at cladding
behavior and so forth and trying to decide under what
operating conditions =--

CHAIRMAN SHEWMON: So far in this area they
have had no criteria. They did come up with some
correlation which may work in can-do reactors, but
doesn't work exceedingly well out of it. And so there's
been virtually out in this area to set criteria on.

MR. PICKLESIMER: The industry has been con-
ducting some research on whiteness of PCI by copper
coating and zirconium coding under the underside surface
and so on. But they are not that interested in the
mechanisms.
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CHAIRMAN SHEWMON: Well, Dave's point is that

we shouldn't be that interested in the mechanism either,

but we should be interested perhaps in having enough

information to set licensing criteria,
two are the same as I understand them,

Why don't you go on?
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MR. JOHNSTON: I just vant to point out the
assemblies to additional time ja the reactor to try to
reach these 50,000 and 60,000 type burn-ups in which
we're dealing with a system now in which the cladding
and the fuel are under considerable contact. And we're
not sure just what that means by way of failure under
rather mild operating transients and variations in
power level. That affects the total kinds »f releases.

Basically, it provides a basis for what
happens under transients.

The other point I wanted to mcke, the industry
has had a particular approach and point of view to the
PCI mechanisms and have taken a particular stance that's
expressed in the packing that's involved. We've stayed
out of that thing for the most part for a number of
y=2ars. However, the stress rupture point which is
something which can be understood only in terms of work-
ing with irradiated cladding is a different =-- an
alternate, if you like =-- mechanism of what the failure
is. And nobody's looking at it. Industry had the point
of view and doesn't particularly want to look at some
other points of view. We feel that if we're going to
do audit and understand what is being proposed by
industry, we've got to have something of our own.

Particularly if we think there's an alternate explanation
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eel we have some

105

responsibility as long as it isn't wild-eyed expenditure

of money to check out that othe
what one aspect of this program
described. 1It's checking out a

It's not being done b
I think will affect, if it's co

some of the criteria.

r possibility. That's
is that they've

n alternative idea.

y anybody else and yet

rrect, the basis for

CHAIRMAN SHEWMON: Thank you, let's go on.

MR. PICKLESIMEN: Very gquickly the PCI

I discussed a little bit earlie

r by Kassner to be done

in the next three years. The strain rate ramping to

failure to be done by Northwestern Planning, it's partly

to obtain data for evaluating the project model and

get certain material parameters to go into the profit

model to see if we can improve

The other is that it

it.

is a way of ramping

the radiated cladding out of pile to somewhat similar

to what you would have in pile

but without having it

go public. 1It's a much cheaper test.

MR. OKRENT: How much money is going into

the kinds of experiments we've just been talking about?

MR. PICKLESIMEN: The money this year -- '81,

I'm a little more confident of. At Argon is $350,000.

The money for Vatel Northwestern is $100,000.

MR. OKRENT: Okay, that doesn't sound like a
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lot of money compared to your total budget, but I
think it's equal to roughly the total amount of money
being spent this year on vented filtered containment
by the NRC, just to put something in perspective.

MR. PICKLESIMEN: One of our programs which we
are joining is a Demo Rap program which is being
done in Sweden by Hilbe Mogart. We'll be one of
something like seven or eight participants in this.

They will ramp in the R2 reactor pre-iradiated fuel

rods having moderately high burn-up, like 25,000 megawatt
base per tone. They will ramp these on the base power

up until they -- to some higher level. Some of them

will fail on the ramp, some of them they will fail

after holding at the higher power.

Then we will have straight ramping to PCR
failure of the PBF optran tests. Now, these are more
of the operational transients where we're looking at
things like =-- let's say a transient with optran, the
turbine trip without bypassing the PWR, a number of
these kinds of power ramps that take material off of
a cladding fairly rapidly over a fair power insertion.

It's not an NRI8, don't misunderstand me. It's
much lower than that and to a much lower level. But it
does induce stress in the claddings and can lead to PCI

failure. This is seen most commonly in the load falling
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operations that some reactors have undergone.

We have about seven optran tests total planned.
Six of these are what we call the 4X, the are individual
rods, four at a time in the test train. We will have
one bundle. These will be more or less proof tests,
if you wish, for the outpower work.

MR. OKRENT: Excuse me, what will you prove
with those tests?

MR. PICKLESIMEN: We expect to establish
some curves similar to fatigue failure curves. The
stress level versus kinds of failure, or kinds of failure
against the stress level induced in the cladding.

Once we know what this curve loocks like and
we know where the cladding will prolLably come in hard
contact on a power ramp, now we can predict given a
given power increment increase predict whether that
cladding will fail or not.

MR. OKRENT: If you know everything else
including what the source of loading on the cladding
is and whether there are other effects besides the
pure mechanical effect you're talking about, what will
these experiments cost? That you've just shown =-- these
optran?

MR. PICKLESIMEN: The optran?

MR. OKRENT: Yeah.
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MR. PICKLESIMEN: I don't have a number on
that.

MR. OKRENT: About?

MR. PICKLESIMEN: Bcb, do you have a number
on that?

VOICE: $3,000,000.

MR. OKRENT: That's without charging for
operating PBF which is carried as a separate category,
but if you put that in it would probably double it |
I suspect.

MR. PICKLESIMEN: It's without the operating
expense, yes.

MR. OKRENT: Roughly 38 percent? Good. I
made a wild guess, thank you.

MR. PICKLESIMEN: The last thing I'd like
to talk about is studies that we are in planning now,
we don't have “unds for them in hand, we don't the
test procedures developed or anything, but we're calling
them -- where they will characterize the properties,
behavior and formation of what I prefer to call liqui-
fied fuel since we have UO 2 dissolved in the zirconium/
zirconium oxide, and this will be over a range of
temperatures.

Now, our program will start this year if

we get our supplemental money, some of it. We will
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start in '8l according to the present budget. We will
determine r '=ctionary composition heat formation in
the res tcion products with zirceoloyt, UO 2 and steam.
The temperatures from about 1,800 K to about 2,500 K.

One of the things we know nothing about are
what are the oxidation rates of this liquified fuel,
either solid or ligquid. That will have to be determined.

We need to determine the information on
viscosity of this as a function of composition so that
we can characterize the dribbling rate, the candling
rate in bundles.

Unless there are questions, that's my
presentation.

MR. OKRENT: What would the effect of long-
term irradiation be on the kind of things you've just
been talking about?

MR. PICKLESIMEN: The insipient ==

MR. OKRENT: Well, you talk about candling.

MR. PICKLESIMEN: We would expect to get into
that a little later on in the programs where we would
be looking now at fission products that would be say
atypical of 40,000 - 50,000 megawatts.

MR. OKRENT: Do you think it might have a
very major effect so that =--

MR. PICKLESIMEN: I don't know. When a
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few atom parsecs can cut melting points of metals and
oxides, I just don't know. I haven't locked enough
into what would be in the UO 2 to see what would be the
effect at these fission products.

MR. OKRENT: I was thinking about fission
product gases and how involved the materials --

MR. PICKLESIMEN: I would expect those would
burn out as soon as the fuel liquifies or before.

MR. OKRENT: Yes, I think they would be but
they might change the geometric configuration markedly.
Okay, let it go for now.

CHAIRMAN SHEWMON: Is that a PBF experiment
or will it be? Insipient fuel clad melting?

MR. PICKLESIMEN: No, that's an out of pile
test entirely. 1It's all -- at the present timing it's

all laboratory scale, bench scale.

CHAIRMAN SHEWMON: All what?

MR. PICKLESIMEN: Bench scale, laboratory
bench scale. We will have to get into bundles a
little later, but the test makers and the overall
present plan just hasn't been firmed up vet.

CHAIRMAN SHEWMON: Okay, where do we dump
into the NRU status in this presentation?

MR. LAWROSKI: Not at all today. 1It's not
part of of the discussion.
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CHAIRMAN SHEWMON: That's in August, okay

VOICE: -- money DOE is putting into this.

MR. PICKLESIMEN: No, sir, I don't.

MR. LAWROSKI: Shouldn't we? ;

MR. JOHNSTON: The number is about $15,000,000
this year.

MR. LAWROSKI: Into which? Into the whole
fuels and materials area or intc cladding alone?

MR. JOHNSTON: Yes, the only areas that
they're working in is that extreme high burn-up and
the pilot bundle work with the vendors. The two are
basically looking at PCI effects as the bundles go
through longer and lcnger times in the reactor.
They're measuring parameters, dimensions and this kind
of stuff and looking at the failure modes and carrying
on into the high burn-up range, and that's basically
the DOE program. It's about a $15,000,000 level.

MR. LAWROSKI: Of course, we have no idea
what industry is putting in.

MR. JOHNSTON: Industry is putting in almost
the same amount.

MR. LAWROSKI: Oh, it is?

MR. JOHNSTON: Well, I guess I can't say that
for sure. Most of the DOE programs are cooperative

with industry. And they have to put in something or
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or other.

MR. LAWROSKI: I see.

MR. JOHNSTON: I have those exact numbers =--

CHAIRMAN SHEWMON: There are sub-assemblies that
are going in with the zirconium liner and zircoy clad..

MR. JOHNSTON: Yes, that's part of the DOE
program. There's two programs -- the one that's not
going in with the copper liners, they switched and
they're using only the zircoy liners for the large=-scale
demonstrations.

CHAIRMAN SHEWMON: 2Zirconium, it's not a
Zircoy..

MR. JOHNSTON: Quad Cities, all right.
They developed both and they made the decision finally
when they went large scale to stick with the zircoy
editions.

VOICE: Pure zirconium.

MR. JOHNSTON: Pure zirconium, I'm sorry.

CHAIRMAN SHEWMON: There is a difference.

That has been largely a problem with the BWR's
but presumably could be picked up in the PWR's?

MR. MARINO: It was in =-=- it's a guestion
of engineering BWR. They had a considerable amount
of failed fuel and they were operating on boron. I

don't know why it failed, but it did.
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CHAIRMAN SHEWMON: Go ahead.

MR. SHERRY: My name is Rick Sherry, I'm
the program manager for the core melt aid fission
product com. v.sion transfer programs that relate to
the light water .~+~~2, We'll be presenting the
fission product release and transfer programs today
and then the core melt programs will be presented by
the May 9th subcommittee meeting .

The objectives of the fission product commission
transfer program are to develop fission products
release short terms for zircoy clad fuel rods under
accident conditions and under severe fuel damage and
core melt. To develop models to predict the tenuation
and transport of fission products within the primary
system and the containment; and to provide -- for
release from the containment for consequence analysis
and for determining the environmental qualifications
for engineer <urety features and to provide the design
requirements for mitigation features, such as vent
filters or other types of filters.

These are the programs I'm going to be
discussing today. The first five programs are programs
that are currently on-going or are programs which have
just been completed within the last year.

The next two programs are progr.m. we hope
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to initiate this fiscal year 1ssuming we get supplemental
funding; and the last four programs -- 10 percent =-- are
programs which we are currently evaluating and may or
may not start sometime in the future depending on

their merit.

CHAIRMAN SHEWMON: Will you stop while I
get oriented here. The program here says Trap Code
and Related Studies. You've got Fission Product
Release and Transport. Are those the same thing?

MR. SHERRY: Yeah, the Trap Code is the
Fission Product Transport Code. A subset of our
fission product release.

CHAIRMAN SHEWMON: Developed by whom?

M<. SHERRY: 1It's being developed by Patel
Columbus at the present time.

CHAIRMAN SHEWMON: Okay, thank you.

MR. SHERRY: I want to point out that there
are a number of slides in your handout which I will
not be presenting to save time.

CHAIRMAN SHEWMON: I hope you also have some
upside down and other right side up like Mr. Picklesimen
so that you add variety.

MR. SHERRY: Well, I think mine are all
probably right side up, I hope.

Starting out with the first one here, this
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is the trap program. The attempt of this program is
to develop a mechanistic first principles computer
code to allow the fission product transport within the
primary system and container.

The current status is that the primary system
model is -- models are essentially complete. We have
issued a request for proposals for future code development,‘
and I'll discuss this later.

The accomplishments over the past several years
basically the results are these: first of all, the
program -- let me go back one second. This program was
initially started to evaluate the assumption in the
reactor safety study that basically there was no credit
given to deposiiion of fission products within the
primary system under core melt accidents. We had
initially thought that this assumption was very conser-
vative and we wanted to evaluate it. Results of this
program indicate that that assumption was not that
tad. The tenuation of fission products within the
primary system is not large. It's not on order of
magnitude, it may be a factor 2.

However, the program also indicates =-- the
code indicates -- that the growth cf aerosols within
the primary system during transieort from the core to

the containment is important. The aerosols grow from a
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size of approximately a tenth of a micron to 10 to 20
microns which will affect the subsequent behavior of
the aerosols in containment.

The R 2 we have issued basically includes
these elements. We want to, of course, improve the
Trap Code models. We want to extend the Trap Code to
model the containment fission product behavior. We
want to put in better models for the fission product
release source term from the fuel. And we want to
conduct sensitivity analysis and then define verification
tests for this code.

MR. OKRENT: Excuse me, is it clear that
you need a verification test facility?

MR. SHERRY: No, it's not. We'll be
discussing that a little later.

This program at Sandia Laboratory is basic-
ally a program to provide some basic data for the
Trap Code. We're looking for data on fission product,
vapor pressures, compound vapor pressures, and what
chemical interactions these fission products may have
in the gas stage either with t.emselves or with the
steam or hydrogen.

This program also =-- containment pressure
experiments are being conducted at Sandia and at
New Mexico Tech. We're using a tranporation apparatus
at Sandia that meets in a fusion cell at New Mexico
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We're construcing a small facility to investi-
gate the interactiocns of fission products in a high
temperature, steam environment.

The fission product compounds we've started
to test are iodine and CC, primarily the =-- hydroxide
and --. We plan to go into investigating other fission
products including =--

This is another small scale experimental
series to provide data for the Trap Code. Basically,
this program which is being conducted at Patel Columbus
Laboratcories is directed toward obtaining data on the
deposition rates for fission products on high temperature
surfaces.

During the »nast year we constructed a small
scale experimenta. apparatus to do these experiments.
We are aging primary system -- samples of primary
system components or materials to simulate the reactor
environment or their exposure to reactor environment.
And we have just begun to do add on vapor deposition
experiments. And the remainder of the physical year
'80, we plan to do =-- vapor deposition experiments.
And this program will be completed in '80.

CHAIRMAN SHEWMON: What kind of experiment

is this? Will this include the sedium and the other
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MR. SHERRY:
MR. LAWROSKI:

MR. SHERRY:
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Go ahead.
What type of experiments?
Yeah.

I have a schematic diagram in

the -- following I think that slide in the handout,

which shows the apparatus.
MR. LAWROSKI:
up here again?
MR. SHERRY:

MR. LAWROSKI:

CHAIRMAN SHEWMON :

what happens in plants?.

MR. SHERRY:

Would you put that slide back

The last slide?

Yeah.

It can be corrolated with

These programs, this program and

the last program, are geared toward providing data

for the Trap Code which models sufficient power transport

under core melt accidents.
the basic data to develop

This particular
toward providing the data

the fission products will

These are providing some of
the models.
set of experiments is geared
on the rates at which

deposit on the vrimary system

surfaces from the steam as they're being transported

by the steam.
MR. LAWROSKI:
be what?

MR. SHERRY:

Is that clear?

The form of the sesium will

The form will probably be sesium
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hydroxide. There also will probably be some sesium
iodide. Anything else?

CHAIRMAN SHEWMON: What's that under on the
budget handout, Bill? What's that slide under on the
budget handout?

MR. JOHNSTON: 1If it's under Fission Product
Release and Transport, third category of priority

CHAIRMAN SHEWMON: Okay, but there's nothiny
at BCL on that list.

MR. JOHNSTON: Well, that program ends in
fiscal '80 therefore it's over this year and we didn't ;
even put it on.

MR. SHERRY: As I said, I'm just indicating
the results for programs that are to be incomplete for
this year..

This is another program that will be ending
this year. It was just a one year program. At the
request of licensing we have initiated a program to
develop models and to investigate iodine transfer
and transport under steam generator to rupture accident
conditions. This was based on a -- the reason for
doing the study and our requesting it was they did a
study on this phenomena or this accident and their
study indicated there was a potential transport

mechanism not considered. That transfer mechanism was
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the effect of atomizing primary coolant during the

blow down for the primary system to the steam generator
secondary side under the high pressure differential.
This could create small droplets which would be

capable of being transported along with the iodine

they carry through the steam generator and -=-

CHAIRMAN SHEWMON: What was it atomizing again?

MR. SHERRY: You break a tube. The pressure
differential is maybe as high as 1,300 P.S.I. The
primary system water is super heated relative to the
secondary side conditions and it would rapidly flash
and the process is sufficiently violent that this
thing could act as a fairly good atomizer.

So basically we've initiated a program to do
two things: one, to develop models of iodine transfer
within the steam generator and secondary system; and
two, to experimentally determine the atomization and
to try to clarify it.

The status of this project is that the
experimental facility has been designed and is under
construction. The iodine tr- .sfer models have been
developed and are being assembled into a computer code.
That's self explanatory.

This program was completed at the end of '79

and the beginning of this fiscal year. It was the Oak
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Ridge program to measure fission product reiease from
high temperature fuel within the temperature range
of 500 degrees C. to 1,600 degreees C, using commercially
irradiated fuel rod segments and it is done in a steam
environment.

I just wanted to show you some of the results
from this program quickly. I'll concentrate on == I
believe last year I told you that we had taken the
fuel rod segments up to 1,200 degrees C. The release
of the iodine and sesium was much, much less than the
gas release assumption using =-- and certainly much
less than the terminated term used in licensing
calculations.

What I want to just briefly mention now is
this temperature regime from 1,200 degrees to 1,600
degrees -- and what these tests indicate that somewhere
between 1,300 to 1,400 degrees C. in this regime there
is a new mechanism coming into play. And there's
a rapid increase in the release of iodine and sesium.

We believe that this mechanism is due to
separation of grain boundaries and release of the
iodine and sesium was not being released in a similar
fashion to the other gases. The krypton release was
also measured in these tests. The iodine and sesium

tend to follow the release of the krypton.
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CHAIRMAN SHEWMON: What percentage of the total
fuel inventory is released at 1,600?

MR. SHERRY: This gives the total percentage
of the fission products, each specific species. So
this is approximately 10 to 15 percent right here.

MR. OKRENT: I'm sorry, are you suggesting
that the sesium --

MR. SHERRY: At these temperatures up to
here it appears that the mechanism for release of the
sesium and iodine may be the same as the nova gases
at the very high temperatures. This is what this type
of data suggests to me.

CHAIRMAN SHEWMON: And this is in steam?

MR. SHERRY: This is done in steam, yes.

MR. OKRENT: This would say the sesium had
moved to the grain boundary and was volatile and stayed
volatile just like the xenon and kryton are.

MR. SHERRY: or is moving to the grain
boundaries during the test.

CHAIRMAN SHEWMON: Well, it may have accumu-
lated in the same bubbles as the krypton.

MR. OKRENT: Again, that would say it has
moved there and stayed there. I thought there wax
some sort of a mass migration of sesium in a different

way, but let it go for now..
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CHAIRMAN SHEWMON: This inventory gap then is
that used in licensing?

MR. SHERRY: This line here is simply the
amount of the sesium and iodine that had migrated
to the gap during the thermal operations and during
the radiation life of these rods.

CHAIRMAN SHEWMON: And that was experimentally
determined.

MR. SHERRY: Yes. It represents =--

CHAIRMAN SHEWMON: 1It's an interesting gquestion
let me get an answer to the one I'm asking though, will n
you? That has to do with what is used in licensing.
Is it the entire content, or does the gap have any
relevance to the licensing rules the way they're
written?

MR. SHERRY: I can ask Ralph to answer that.

MR. MEYER: Yeah, it's different for several
different accidents. Basically, the assumption is
that the gap activity is released and the gap activity
is a certain fraction of the total yield. What accident
are you thinking of here?

CHAIRMAN SHEWMON: 1I've learned long ago to
ask vague questions when you don't know what you're
talking about. I refuse to clarify it any more.

MR. MEYER: There are three different
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perscriptions used in licensing. There's one prescription
used for LOCA's, there's one used for resactivity
accidents, and there's one used for fuel handling
accidents and then that one is implied to a whole lot
of different -~

CHAIRMAN SHEWMON: Well, the fuel handling
presumably is cold, so that would b2 oaly the gap
inventory.

MR. MEYER: That's correct, but that's the
one that's most widely used.

MR. SHERRY: Yes, I think the gap inventory
is something like 10 percent, isn't it Ralph? But
that's 10 percent of the gases.

MR. MEYER: For some of them it's 10. For the
LOCA, for example, you assume =-- the effective assumption
is that the gap activity is 100 percent and that you
release half of that and half of that plat:s out.

CHAIRMAN SHEWMON: Given these results are
any of the regulations you now have conservative relative
to them? Or are all of what you have conservative
relative to these?

MR. SHERRY: They're very conservative.

MR. MEYER: Yes.

MR. JOHNSTON: I notice there are three or
four orders of magnitude.

[MTERNA NONAL /OMA TN RATRoATOR  wC
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MR. LAWROSKI: That temperature is temperature
of the fuel where?

MR. SHERRY: This is the average temperature
of the fuel in claddinc.

MR. LAWROSKI: Average?

MR. SHERRY: Yes.

CHAIRMAN SHEWMON: Heated up in steam.

MR. SHERRY: Basically these short segments
are cut from rods and are put into an apparatus and
they're heated by induction heating.

MR. LAWROSKI: Can you tell me what this
average -- what's the total range? When you say you
pick a number like 1,300 as a for instance.

MR. SHERRY: What's the difference between
the cladding temperature and the fuel temperature?

MR. LAWROSKI: That's an average of what
kind of range of temperatures?

MR. SHERRY: By average I meant the temperature
of the cladding and the fuel. The heat is being
deposited in the cladding and is heating up the fuel
rods, but heat-up rate is relatively slow.

MR. LAWROSKI: So it's the average of two
large, very different temperatures.

CHAIRMAN SHEWMON: He says it's slow.

MR. JOHNSTON: These are isothermal tests,

(NTERNA NOMAL /OWEA T Rpeom o G
- SOUT™ CASTOR, STREET L 4 WITE 27
FABUNGTON. 3 I Dea



E‘l’23

130

PAGE NQ.

they'ee on short segments.

MR. SHERRY: Yeah, over the heated length
of the rod the temperature is practically constant.

MR. OKRENT: Two things. First, I don't
think you really mean three or four orders of magnitude
with regard to the high temperature condition.

MR. SHERRY: We're relative to a a control
LOCA okay which is 1,200

MR. JOHNSTON: A controlled LOCA, but there
are accident conditions == I think we want to be
careful that we don't use that in a sweeping way

MR. SHERRY: I refer to the LOCA which has
been the standard for discussion for the last 10 years.

CHAIRMAN SHEWMON: For the sub-assembly drop.

MR. JOHNSTON: For the sub-assembly drop I
think indeed it may be okay. If I look at that
figure and go over the highest temperature measurement
which looks like 1,600 and something, there's still only
on the order of 10 percent of the sesium released
according to that.

MR. SHERRY: That's a little deceptive. 1It's
a large scale.

MR. JOHNSTON: I say, roughly. Maybe it's
15 or 20..

MR. SHERRY: Maybe it's 20.
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MR. JOHNSTON: Earlier I was asking about whether

1750 which was a cut-off you mentioned was high enough,

and I was told I thought well everything of interest

is released by 1750 -- sesium and so forth. And if I

look through this I find 1750 is really a limit on the

experimental equipment which I can understand.

MR. SHERRY: Yes, that's true.

MR. OKRENT: But that's a different answer.

MR. JOHNSTON: I said 2,000 this morning.

MR. OKRENT: I see, I'm sorry. So you have

dated it by 2,000.

MR. JOHNSTON: That's the melting point of

zirconium.,

MR. SHERRY: I have another slide a little

further on which shows the results from the =--

experiments where they get higher temperature.

MR. OKRENT: Okay, what I'm getting at is

that it seemed to me that as I looked at what you

were saying that there's some range that you're going

to do and there's some range of measurement that's

optional. I'm trying to ascertain just what the range

is that remains coptional.

MR. LAWROSKI: They quit at 1409 before.

MR. OKRENT: Before.

MR. LAWROSKI: Yeah, but that was experimental.
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: MR. SHERRY: In this test series we ran four

3 tests about 1200 degrees C. One was a test where

3 we were less than 1400. We had one test at 1600 degrees C. |
s We were only able to maintain the test segment at that

s [ temperature for three minutes before the cladding was

y oxodized and we lost our coupling.

CHAIRMAN SHEWMON: This was in steam.

‘ Mﬁ. SHERRY : This was in steam.

" This one I'm going to talk about now is ‘
" ! basically an extension of that program. To do some v
’ | additional testing at temperatures of 1200 degrees to #

‘ 2 1750. Basically the only difference between the program

'3 I've just described and this program will be that the

4 j test will be done using an inert atmosphere. We

s E think we can get up to 1750, maybe a little beyond.

14 It's really not possible to use the flowing steam

- and we'll go up to about 1600 degrees C. and maintain

8 the segment at temperature for any length of time.

" MR. LAWROSKI: The three minutes at 1650

A a reasonable expectation?
" MR. SHERRY: Well, as compared to an accident

. scenario?
- MR. LAWROSKI: Well, compared to what you

o know about the zirconium. If it all went to oxide

' i that at least changes the scene and that's when they
-
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lost their inductive coupling.

CHAIRMAN SHEWMON: I know that.

MR. SHERRY: We're changing metals susceptible
to an oxide. We've received a 189 on this and we're
basically planning to start this program this fiscal
year assuming we get supplemental funding.

MR. LAWROSKI: Where will that be done?

MR. SHERRY: At Oak Ridge in the same facility
we had done the past experiments.

Jumping away from fission product release
to filter technology, this is another program which we
hope to start this fiscal year assuming we get supplemen-
tal funds. This was a program requested by licensing,
and it's a program to investigate the performance of
activated charcoals under radio-iodine retention perform=-
ance under accident conditions.

If you recall from Three Mile Island, the
proponents of the charcoal filter which was pretty
horrible, I think the penetration rates were something
like 50 percent for the iodines, this is also a
continuation effectively of a program which has been
funded under our safety division for the past two years
to investigate the proposed to charcoals under normal
operating conditions. This is the elements of the

program.
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MR. LAWROSKI: Now, why isn't that the kind
of work that DOE ought to be doing or industry?

MR. SHERRY: Well, I guess we wouldn't do
the research if the industry would do it, but this is
the information and licensing people feel is needed is
not available.

CHAIRMAN SHEWMON: I share with Dr. Okrent
many of the questions.

MR. SHERRY: Basically the purpose is to
evaluate the acceptable credit that can be given toward
the performance of these filters. The charcoal filters
are getting a very high rating and credit =-- 99.9 percent
in iodine retention. If we had a performance after
wondering if the performance is anything like the
performance at Three Mile Island, there's a substantial
margin for error there.

CHAIRMAN SHEWMON: What does weathering mean
here?

MR. SHERRY: That's basically exposing
the charcoals to a flow of air at high humidity, to
contaminants, hydrocarbcns, ozone, things you'd expect
at a normal air flow through the charcoal base.

I'm going to run quickly through these next
four programs which are programs which we have under
evaluation now.

We're looking at a program to experimentally
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determine release of fission products from irradiated

light water reactor fuel under melting conditions. This

program will basically duplicate the CAFCA SASHA work

where they use simulated fuel and activated fission

products. Basically the elements of the program are

we need to construct a facility similar to the SASHA

facility and conduct experiments.

We're currently planning on a start date if

needed for these type of tests sometime around fiscal

year '82. We want to have an opportunity to look at

results coming out of these high temperature tests !

at Oak Ridge and to get further data from the SASHA
tests.

MR. OKRENT: Before you run, if I understand
correctly you currently expect to be able to go up to
1750 or a little less with the existent facilities.

I'm not urging that you build some new expensive
facility to go up to 2000 or 2800 C.

MR. SHERRY: These kinds of tests can be
guite expensive.

MR. OKRENT: I realize. Also, I'm not urging
that do something that isn't going to begin until FY 83
or FY 85 or FY 87, you know, as things get delayed.

on the other hand, it seems to me that for

the kind of decision making that the NRC's going to be
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involved in with regard to the existing reactors and

the kind that's raised by the commissioner's own interest
now in what can you do about containing a core melt
accident, and this gets into a question of what you buy
for different measures and so forth. There could be

an interest in what I'll call gquasi-accurate =-- not
accurate results -- or at least knowing whether what's

in 1400 is good tc a factor of two or so forth on a
basis which is before FY 83.

Now, has anybody looked to see whether there
is something one can do that's less elegant that might
provide a rough corroborative information?

MR. SHERRY: I would say yes, but the Germans
are already doing it. The SASHA test program

MR. OKRENT: And you've looked and yon don't
see anything else that you could do on the short time
that would compliment what they're doing?

MR. SHERRY: We haven't even looked if there's
any way we could push the temperatures we could obtain
in the current Oak Ridge apparatus up to higher
temperatures, but it didn't look feasible.

MR. JOHNSTON: Although not specifically
designed as part of this thing, two other programs
will contribute to it. They're the two IMPOWR programs

that we have which will reach those kinds of temperatures,
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and that's the work that's being funded in the SO
reactor which will hit those temperature ranges and
also the work in PBF that would be done in pile.

Those are two in pile tests in which there will be
rather fresh fuel, not high burn-up fuel, but the
activity will come out and there will be sufficient
product detection systems in those two reactors which
will give us, so to speak, on-line answers which will
not be as quantitative as these might be. But I think
they will meet the intent that you asked about. Tha's
in addition to the SASHA which you mentioned and he's
going to show you something of their out of pile work
right now.

MR. OKRENT: Well, that may be so, but my
suspicion is that the in pile or the out of pile
experiments w.ll only provide meaningful results if
they're designed to do it and you look at it critically
and review it from that point of view and say yes when
I'm all done in fact I will have meaningful results
that bear on the decision making processes. Otherwise
I agree. You'll make measurements but it's not at
all clear that they'll have put you in any position
to use them in the way I think they mig™t be needed.

MR. JOHNSTON: I guess I'm puzzled and I

guess maybe I ought to ask you a question. Everytime we
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said we define a program to obtain some measurements,
I'm having trouble understanding your reception of
what we're saying. Because basically -- when we plan
something we do plan it to get a particular answer for
a particular purpose. I'm confused in the sense that
you're not hearing me say that.

When I say we get some data from a program,
we define that data. We ask our contractors to get it.
It's explicite in their work statement. 1It's explicite
i the work statement as to what we're going to do with
it generally speaking, and it isn't just random haphazard
data taking that we engage in. That's what's giving
me alittle bit of problem.

I did forget one additional one, that is
the DEH at Argon which goes right up to melting UO 2
and does look at radiated materials all the way up to
the melting points. They do get those kinds of numbers.
In fact, in data that was presented earlier you saw
30, 40, 50 percent fission gas release. So it just
occurred to me that's an additional piece of data.

That work is specific for those kinds of purposes.

MR. OKRENT: Excuse me, fission gas in the
normal gas -- xenon, krypton =-- is not what you're
interested in?

MR. SHERRY: We don't typically look =--

MR. JOHNSTON: Not for the stuff other than
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MR. SHERRY: We are ~-. Now this is a slide showing
the results from the German -- program. I think the important
thing to notice is the difference between the temperature at
which they start getting excellerated releases of iodine =--
to what we say in =--. This is almost 400 degrees higher.

CHAIRMAN SHEWMON: 1Is this in steam also?

MR. SHERRY: This is inherent. And I attribute this
to the difference in the location of the =-- products within
the fuel.

So, consequently that's why I agree that additiénal
pressure reading be =-- temperatures. Once we get up into the
-=- fuel becomes ligquid. All those differences may =--

CHAIRMAN SHEWMON: Are you about done?

MR. SHERRY: Yeah, I've =-- let me run through 3 more
slides.

This is the Bisrop Power Transport Verification
Facility that Dr. -- had asked about. Ww='re basically evaluating
the need for this facility right now to test our beta product
transport codes.

Over the next years we, the NRC and the BFMT and --
will be evaluating the need for this facility. And once =-- if
we establish a need, we will be developing design requirements.
And they will possible beginning construction at the facility
for modifization of the existing facility such as the =-,

MR. OKRENT: You're requesting money in 1982 for that?

MR. SHERRY: We've currently identified some money

in the budget. We'll present that.
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MR. OKRENT: You are requesting mouney for it?

MR. SHERRY: Yes. We haven't discovered to our
satisfaction that there is a definite need.

CHAIRMAN SHEWMON: Okay.

MR. OKRENT: That's why it's partly a wish list.

MR. SHERRY: I think it basically depends on the use
for which these -- are going to be placed in the future. Whether
we sole risk assessment or whether it will be licensing,
evaluation, evaluation of mitigation features. That type of
thing. .

This is a program of -- where we've evaluated basically
it's to investigate experimentally the region of =-- products
from fuel in an environment which would simulate that expected =--
and severe accident which is =-- reactor.

We think that the preliminary judgement that it's
really not a high priority item. We're not planning to fund it.
There is some work being done at P & L in this area relative

to waste matters.

And it doesn't really look like it =-- this is something
where you could contain information. You reducz some risks and

things like that.
The last item is -~ relates to the Three Mile Island

data recovery activities. We =-- group that's working to develop
recommendations for what data should be recovered during the

recovery at Three Mile Island.

One of the items under -- we'll look at the types of

data == . Deposition within the containment, =-- this type of
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thing. We're participating in this activity as our number one
contract due.

CHAIRMAN SHEWMON: Thank you.

MR. SHERRY: Okay. Well, we have a small amount of
money there in case -~

MR. MARK: Well, could I ask -- from that -- data you
have indications of approximate stuff released by the time the
fuel is melted. And what fraction is representative of the
decay heat source by the stuff that is evidently left the fuel?
Roughly, very rougly? |

MR. SHERRY: I guess the gases in the iodine would
contribute something like 20 to 25 per cent.

MR. MARK: Well, the cecium is the meter of those,

MR. SHERRY: Right. I guess I can't really give you
a == the answer.

MR. MARK: Well, thé answer could be figured out if
one sat down with these numbers?

MR. SHERRY: Yes.

MR. MARK: 1Is there allowance for that when one turns
around to discuss melt through?

MR. SHERRY: Yes, there is. When we =-- wi=2n the
penetration time through the reactor vessel and the heat
source being recently =-- through the decomposition -~ that is
taken into account.

MR. MARK The stuff is removed from the heat source?

MR. SHERRY: Right,

MR. MARK: Thank you.
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MR. SHERRY: I'm not sure how consistently that's
applied. It is ==

CHAIRMAN SHEWMON: Do you have something to say too
before we go on?

MR. PICKLESIMEN: I have a presentation, if you wish.

CHAIRMAN SHEWMON: Well, yow compatriot here took
up 35 minutes of your 30. What do we have - tell us a little
bit about what you'll tell us.

MR. PICKLESIMEN: What I wanted to discuss ‘is the
basic severé and core damage study. It will consist of 3
number of individual programs.

CHAIRMAN SHEWMON: And this will not be covered in
Chicago?

MR. PICKLESIMEN: No.

CHAIRMAN SHEWMON: Okay. Let's gct on with it.

MR. PICKLESIMEN: Tgese were the items that were the
top priority items on my presentation earlier.

CHAIRMAN SHEWMON: Now, that's under the last =-- on
the last page here where you've got fuel melt down?

MR. PICKESIMEN: No, no. No, no. It's severe
core damage. No, there's _

CHAIRMAN SHEWMON: Well, as far as time. Cut out
out about the middle of the presentation =-- did only the first
3 or 4 and the last 3 or 4 viewgraphs.

MR. PICHESIMEN: I would like to emphasize that much
more is going to be done. Plans are not firm. We have some

programs that are in place. We have some programs that are
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fairly well planned out but that are funded. We have programs
to be planned. .

So, I'm covering a rather broad area here. Not just
a few individual programs.

In the types of studies that have to be done, we're
going to take a look. Seve. 2 Core damage. We have one == the
development of core damage, sufficent product dist.oipution resulting
from that both in reactors and in the containment., The mott{ing
of severe core damage. Code development for the prediction of
core damage. Thermal hydrolics in damage cores. And coré
melt down and consequences.

Now, the area that we're concerned in fuel -- are these
top 4. The thermal hydrolics and damage cores has a provence of
another branch in RSR. They have the people that are expert in
thermal hydrolics and we are not.

Core melt‘down is at.the present time in the providence
of the fast reactor branch. We have some work that's been
involved with this but we don't plan to do any extensive work
in that area.

CHAIRMAN SHEWMON: Does that actually have anything
to do with core melt Jdown or core's after they're moltent and
and thrashing around down below?

MR. PICKLESIMEN: What we're seperating at the present
time just as a place to seperate their work from ours. ONce
the material has dropped out of the full barrel.

CHAIRMAN SHEWMON: So, that last line shouldn't read

core melt down. It should read moltent core.
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MR. PICKLESIMEN: It should read holtent core, yes.
CHAIRMAN SHEWMON: Or =-- fuel or something.

MR. PICKLESIMEN: And this material that is dropped

out of the fuel barrel and is down into the bottom of the primary
vessel.

CHAIRMAN SHEWMON: Thank you.

MR. PICKLESIMEN: That's what we're seperating at the
present time.

Our thermal hydrolics, there will be some thermal
hydrolic data gathered in the study on the development of'core
energy. But this will be more like pressure drops across the
bundle, from end to the other. Things of this type, They will
not be -- coeffient type measures.

Now, if you look at the damage that is possible to a
fuel rud as you start a heat up. And I'm talking about core
now. Assuming that the core ;ere to fall down or is in the
process of falling down, as a node on that rod it heats up. The
first thing you can have is you can have some =-- occurring. Then
you can have rupture, then more importantly you can severe
oxidation of the pipe. Get to embrittlement, fine oxidation,
then total =-- oxidation of the --. And now you have a ceramic
on a ceramic.

If you're heat up is slow, you will get to this stage
rather than --detected formation. If you go fast, this will
point. And you'’ll have oxide on the outside and moltent perccdium
will react at 1900 degrees Centigrade or that utechnique. Then

that utechnique will dissolve, U02 to form what we call liquified
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fuel and if you keep on going up you'll fininaly get to fuel ==

Taking those into consideration now, we can do sort of
an event free analysis of what kinds of damage will happen on a
general area of scenarios. A local rod will heat up at either
high rates, medium rates, or low rates. Medium rates I'm saying
is someplace in the neighborhood of 2 degrees C per second. Just
to have a number to seperate with. We can either have a long
time or a short time to--. We can have peak boil temperatures
under 1300 C or over 1300 C. And that then allows us to rate
the kind of damage that we would expect if we go on any oﬁe of
these tests.

But you get over to -- finally we would estimate
whether there is core geometry lost or whether the core is locked.
Some of these will produce locked cores and some won't, I; a
number of them we'll have a question mark. Whether it will
happen or not depequ entirel§ on the scenario you want to pose.

All right. Now we can -- in general seperate ‘'he
research areas in these in core development into interval affect
impi}e, expile, seperate affects impile and expile, and basic
studies impile, expile.

And efficient product release consists distribution
I seperated from these as an area where there will be a seperate
concentration although most of the information on this efficient
product distribution will come out of these studies.

They come out of a different area of data collection.
And then of course bottling 3 or 4 differences in the development.

Now, go to the last 5 pages in the handout. Programs
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that apply to the facts of =-- that are needed that have already
been completed. We've already had a chance --. The observation
of == by steam to 1500 C has been --. We have a number cf
studies that do that. WE have a limited amount of at 1800 C.

We're looking at the need to get additional observation
data on plutcnium at 1800 C. I'm not convinced .hat it's needed.
We'll be looking at this rather hard in the next few months.

Embrittlement of fighting by oxidation has already
been completed. The title of reports are almost in hand or in
hand. .

Spoken study on the -- and liquif/s of fuel, bundles =--
and effective heating rate has already been done in KFK. I'll
get more information on that in June when I'm there.

The ZROU =-- works about 1500 degrees C has also been
done at beta K but it may not be sufficiently material for our
needs. We'll have to see.

Now, if our programs that present and planned or in
the planning stages are SR with the first test being done in
FY 82. There are 32 wide bundles, 6 foot long. Then we will
get into, we hope, the revent formation, the liquified fuel
formation will come later. That very should not be there.

And it does have --

BDF, severe core damage studies, in tone with the
other handouts earlier, it would probably be small -- tests,
This is what we were referring to, severe core damage. Thefe
tests will start at the present time in FY 82, There will be 6 to

| 8 tests, in 25 to 30 feet wide bundles, 3 feet long. =-- formation,
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liquified fuel formation, boil down ==~ and --. Now the tests
will be varied to give a slow cocl down so we can preserve the =--
and fast cool down so they can see what happens when they punch it.

And finally in loft, it is being discussed as the
final test. But it is being considered as a last test that will
be == to damage study in loft as it's last run. Probably will
be posted in 1985 and severity will have to be determined.

MR. OKRENT: Excuse me.

MR. PICKLESIMEN: Yes.,

MR. OKRENT: Suppose you had done the experimenfs
you've talked about in TBF on severe core damage, what would you
have learned that you now don't know, let's say from other work
that's been done on degree bed formation and so forth? I'm
trying to see what you think would be the real payoff since this
is not a small investment in money, you're talking about.

MR. PICLESIMEN: If Qe had some of these PDF severe
core damage tests already in hand? Is that what you're asking?

"MR. OKRENT: Let's assume you've done your 6 to 8
tests.

MR. PICKLESIMEN: Okay.

MR. OKRENT: What do you think will be the real pay
off? I agree that you will get data but that's not subject to
question.

MR. PICKLESIMEN: What I expect to do is to characterize
and to prevent any liquified fuel formation inpile the partial
size distribution, if you want. What the compositions arc that

are present there. 2 people who will have to build beds for
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thermal hydrolic studies. We will also have a better idea of just

what is happening in that disrupting bundle during an accident,

like Three Mile Island.

MR. OKRENT: Well, there certainly has been alot of
work on debris bed formation in the past so =--

MR. PICKLESIMEN: From -- fuel bundles?

MR. OKRENT: From fuel.

MR. PICKLESIMEN: Of these magnitudes that I'm aware
of. There's some stuff in the fast breeder program but it's not
of this type. |

MR. OKRENT: Now, what do you mean of this type?

What will you get here as that's unique.

MR. PICKLESIMEN: We have a different size fuel
rod, we have different materials and we have different procedure,
we have a steam environment rather than the sodium environment.

CHAIRMAN SHEWMON: égve they trickled down fuel sub-
assemblies?

MR. PICKLESIMEN: They have individual fuel --

CHAIRMAN SHEWMON: ==

MR. PICKLESIMEN: They have individual fuel rods., I'm
not aware that they have bundles. They may have but I'm not
aware of it.

MR. OKRENT: Well, let's see. There's a part of the
NRC that had to consider debris bed formation in connection with
the floating nuclear power plant, for example., And they made
some estimates on debris that sizes and so forth and --

CHAIRMAN SHEWMON: They never worry about this stuff
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until it's down on concrete. J~':;U

MR. OKRENT: No, no. There are circumstances =--

CHAIRMAN SHEWMON: If we have had --

MR. OKRENT: And I -- also if you're interested in
debris bed formation, how is it that these experiments will give
you meaningful information?

MR. PICKLESIMEN: If we had had this information in
hand, we would have been alot more comfortable in unders tanding
what was going on in TMI 2 during the accident and what could'
be done about it.

MR. OKRENT: Oh, look. I question that in the first
place. And in the second place I don't know what the next
kind of accident will look like and it maybe so different that
whatever you've done that helps you understand TMI 2, would bear
no relation to it.

MR. PICKLESIMEN: Well, that's easy to say Steve but
it's kind of glib because if we're really talking about what
happens when you've got a loca, a small break loca, there really
aren't tremendously different scenarics there. You boil the
stuff dry. It gets hotter and hotter. You assume maybe you
can't keep adding water to it.

UNKNOWN VOICE: Paul. A guestion.

MR. WRIGHT: Bob Wright, Advanced REactor Safety
Research. I have the responsibility for the debris bed work in
the fast reactor area. Dr. Okrent, when we look at this in the
context of a formal program planning, processes in the water

reactors on debris formation look quite different to us in the
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fast reactor case. You have this oxidizing coolant, you have =-
material problem is quite different and it does appear to us that
this is an area that we can't just directly apply our elementary

R experience.

Incidently the elementary R side I think that reformation
of process in characteristic of the degree are probably a weaker
link than our knowledge of the coolability of the given configura-
tion.

CHAIRMAN SHEWMON: Do you expect to be committing -e T
guess I'm on the wrong slide. Are you still =--

MR. PICKLESIMEN: Well, I put the next light on.

CHAIRMAN SHEWMON: Do you expect to be committing to
any of those in the coming year? I just think you're going to
melt down loft in the next year, on purpose at least,

MR. PICKLESIMEN: ESSOR is already committed. The
first test will be this fall, is that not right Doctor?

DR. VAN QOUTEN: It's NRU.

MR. PICKLESIMEN: I'm sorry. I'm sorry. NRU. Excuse
me. ESSOR, Bob?

MR. WRIGHT: That's right. It'll be late 82 or early
83 before the first preliminary test.

CHAIRMAN SHEWMON: In ESSOR?

MR. WRIGHT: Yeah.

CHAIRMAN SHEWMON: Well, why don't we put this off
until next year. I think there's alot of guestion about doing

any of that. I guess I'm not interested in getting into in

great depth here but =--
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MR. PICKLESIMEN: Well, except the last -- ani that's
very important.

CHAIRMAN SHEWMON: Oh, no guestion about that. I
hope they get to do that in the next year.

MR. PICKLESIMEN: I'm participating in the 7.2 and 7.4
planning committees.

CHAIRMAN SHEWMON: Okay.

MR. JOHNSTON: Dr. Shewmon?

CHAIRMAN SHEWMON: Yes.

MR. JOHNSTON: We are committing to some of thoée
programs this year and I better make it very clear to you so
that we don't mislead you. We're spending money on PBF advance
planning right now so and we expect to spend several million
dollars in 81 probably on the thing so that ==

CHAIRMAN SHEWMON: We'll get into that in August.

MR. JOHNS?ON: In f;Et we are committing on it ==

CHAIRMAN SHEWMON: We'll get into that in August.

MR. JOHNSTON: We'll get into this in -- we'll get into
both of those in August, that's correct. We'll talk about
ESSOR again in August.

CHAIRMAN SHEWMON: Pick said -- Pick said when he
started he was going to talk about things we weren't going to
cover, I guess I said in the next months meeting,

MR. JOHNSTON: Okay.

CHAIRMAN SHEWMON: It seems to me this is uastructured
enough here so that I can =-- I agree it's important and let's

. make a point then of discussing it in August.
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MR. JOHNSTON: Yeali, we'd like to do that very much.

CHAIRMAN SHEWMON: Okay.

MR. PICKLESIMEN: Now here are areas that programs are
to be planned. And we have nothing at the present time planned
in these areas it's just areas where we know we need to do work
or maybe do work. We've got to see what has to be done, how
sensitive the program will have to be and what the funding is
going to be.

And these are reaction committees who know rebed. fhere
is some evidence that the debris bed in TMI 2 have remelted,
at least in part, at about 3 hours and 45 minutes into the accident.
Impile seperate affects tests basic to, so on.

None of *hese programs have been planned at the present
time. The brief cool closing studies it is coming from the
back of our head that something will have to be done. We don't
know how to do it. "We don't know how expensive it will have to
be. .

Efficient product release and distribution will come
as part of the other programs. Efficient product tests is
again -- we're going to have to have some calibration tests.

What has to be done, I don't know.

MR. OKRENT: Excuse me, what's the evidence that
there was melting of debris beds? You mentioned that there was
evidence.

MR. PICKXLESIMEN: I'll cover that this afternoon when
I do my -- studies.

MR. OKRENT: Okay. I'll wait.
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MR. PICKLESIMEN: There's a good bit of evidence there,
all indirect unfortunately. Now -- of the severe core damage
studies, we have programs in place in FY 8l1. Core damage
condition and SR. The initial programs and =-- would have been
started. Examination of TMI 2 is being planned. We probably
won't be in the reactor until 82. PBS severe core damage will
be in place in 81, at least in the planning stage and in the
test room design.

The programs contained in FY 82 is the modeling of
severe core damage. The program is not presently funded in FY 82
are to be fuel =--, efficient product release and distribution.

Programs starting after 82 are --

CHAIRMAN SHEWMCn: Why don't you let us read that.

MR. PICKLESIMEN: I'm sorry.

CHAIRMAN SHEWMON: If we go back up to insepient
fuel clad melting,.where would that be done?

MR. PICKLESIMEN: That had not been decided yet. It
depends on what kind of a final program we are looking for. I
would expect that it would be done at some place like --, Sandia,
or Oak Ridge.

CHAIRMAN SHEWMON: Okay. So, when you say it's in
place you mean you feel you have a fairly firm budgetory
committment that you're not -- that it's in place?

MR.PICKLESIMEN: In 8l. Yes, in 81, The details of
that though have to be wor.ed out in the next few months,

CHAIRMAN SHEWMON: Okay. Fine.

MR. PICKLESIMEN: Ncw, the ex-pile program presently in
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the planning stage is the =--. The things we will be looking at =--
the studying of liquified fuel formation. It will be bench scale.
We're looking at reactor =--. These probably will be seperate
programs.

All right that's 1it.

CHAIRMAN SHEWMON: Now, thank you. Are we ready for
lunch? Okay. Let's adjourn for an hour and I guess we ought
to have a talk, Bill, about what we're going to cut out of the

afternoon program before we go away.
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MR. KELBER: The major part of the program that
['m to discuss will be discussed with the ad hoc subcommittee|
on May 9th.

We are in the process of formulating a program of
classifying accident research. A major portion of that
program is of integrated fuel -- program that you have heard
about.

CHAIRMAN SHEWMON: What does integrated mean?

MR. KELBEk: It means that it draws upon all the |
resources within the division -- within the office of
research, includi.g PAS, the vork that has been sponsored
within the lightwater reactor area, the work that has been
in the past under advanced reactor safety restraint.

CHAIRMAN SHEWMON: Fine.

Okay. Go ahead.

MR. KELBER: The logic of the program is dictated
by the necessity of answering a series of questions. These
are the questions which we believe will be taken up over the |
next three or four years in the various rule making hearings |
on cooling degraded cores, on Class 9 rule making, on
siting rule making.

[f we are lucky we will have some time in order
to answer some of these questions.

These challenges have all been identified such as
reaching a secondary to either check valve failure or steam
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generator tube rupture which might come from the quasi
static pressure following a steam explosion, can a melted
down core breech the pressure vessel and overload the
containment and the questions -- the primary question there
is the revent coolability and the steam spike.

Current predictions are that the steam spike for
example will rupture the containment unless you do something |
about it.

Can a hydrogen explosion breech the containment?
Current estimate for a large dry containment is that a
hydrogen explosion per se will not, that you probably can't
get it if it's well mixed in the large dry containment.

CHAIRMAN SHEWMON: If we go back to two, whether
or not you'll breech the pressure vessel will depend a lot
on cooling and I guess in the Indian Point, Zion writeup
there was -- maybe it was the Kemmeny Commission Report or
-- there was discussion of some reactors were actually
designed so you could flood beneath the pressure vessel and E
cool from there. [Is that still part of anybody's procedures
even if they had the capabiﬁity?

MR. KELBER: We are -- we are -- we are speculating
on various medigation methods including that one for Zion |
and Indian Point to make, for example, kind of a poor man's
pressure supression pool by flooding the containment to

considerable depth with about a million gallons of water.
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We are somewhat uncertain about the coolability of
the debris thal are predicted.

CHAIRMAN SHEWMON: Okay.

Now, this is the debris inside the pressure vessel?

MR. KELBER: Inside the pressure vessel or
x-vessel. Frankly, there are very few data to go on.

CHAIRMAN SHEWMON: Um-hum.

MR. KELBER: The current predictions are that if
the fragments are as l2 'ge as they appear to be and if the
bed is reasonably well packed, now these are highly
hyp~thetical, then we would for sequences that -- for
sequences where the debris beta form. early with relatively
high amounts of decay heat, we are pessimistic about the
ability to cool -- we think it may melt at least in part.

On the other hand, where you have sequences which
go for several hours as you did at TMI 2, for example, it
is possible that there will be enough release of fission
products and enough decay of what remains behind that it
may be coolable.

CHAIRMAN SHEWMON: Um-hum.

MR. KELBER: We just have 