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s The contents of this stenogréphic transcript of the

7| proceedings of the United States Nuclear Regulatory
8| Commission's Advisory Cormittee on Reactor Safeguazds (ACRS) ,

9| as reported herein, is an uncorrected record of the discussions

10| recorded at the meeting held cn the above déte.
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OUNITED STATES OF AMERICA

NUCLEAR REGULATORY COMMISSION
ADVISORY COMMITTEE OM REACTOR SAFEGUARDS
SUBCOMMITTEE MEETING
on
EMERGENCY CORE COOLING SYSTEM
Westbank Motel Ccffee Shop,
475 River Parkway
Idaho Falls, Idaho
Tuesday, 28 August 197y
The ACRS Subcommittee on Emergency Core Cocling System met,
| pursuant to adjournment, at 8:00 a.m., Dr. Milton S. Plesset,
| chairman of the subcommittee, presiding.
| PRESENT:
DR. MILTON S. PLESSET, Chairman of the Subcommittee
MR. WILLIAM M. MATHIS, Member
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¢ ' PROCEEDINGS
2| DR. PLESSET : Let's reconvene. We have one presenta-
= 3| tion from yesterday that I would like to go to immediately.

4| That is the RELAP 5 simulation of the Marviken test.

s Mr. Trapp.

M. TRAPP: Thank you. You heard most of the results

7| from RELAP yesterday; but there is one test result that we have

3% run. We ran the first Marviken almost a year age and got

9| results recently. We would like to go cver those test results.
Marviken is unique in one sense in that it is a full-

scale experiment. The test itself, Test 4 and 24, are blowdewns

12}l through a half-meter nozzle. It's a good-sized nozzle. We were

13| mostly interested and learned most from this problem in the areat

14 || of subcooled chcking. We used this problem to help us under-

15| stand that phenomena, to help us to develop critical flow models

18 | for the subcooled flow regions. They are very important in the

17 | small-break analysis.

1
18| (Slice.)
'9% Basically, Marviken is a vessel with a discharge pipe
20! at the bottom through which the blowdown takes place. There's

21 | saturated watgy at the top of the vessel which turns into, &s the
22 | vessel key pressurizes, a two-phased mixture, which result in a
23 | low quality choking at the ends of these tests. Then there is
5 24 | ahout 30 degrees subcooling at the bottom of the tank which
Ace-Federsi Reporters, Inc.

25‘ results in the initial subcocoled critical flow criterion in the
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| |
« 2 ‘% early parts of the run, in the early parts of the tests:‘.o4
2| (Slide.)
|
) 3% I show this slide only to show that the nodalization is
‘! uniform throughout the pipe. Basically in meter cells, a meter
l
si in length, both in the tank and in the discharge pipe, and in
5 the nozzle itself. The run times for our Marviken runs, the
7§ test results are about 50 seconds to the emptying of the vessel.
'é Qur computer runs are anywhere from a minute to a minute-and-a-
’! half on the CDC 7600.
‘oi I'll just show you some results from Test 4 first.
“} That is a test with a nozzle with an L/D ol 23. Test 4 has a
O 12; larger nozzle. This result shows both the code calculaticns and:
'3% then the dati on the overlay. .
“% (Slidc.)
'5; You can see a little bit of noneguilibrium which the
16% code follows that took place in the experiment. That's really
‘7é not significant when it comes to the critical flow behavior, but
‘81 it is something that is modeled in the code calculaticns.
191 This slide, the next slide, shows the flow rates as a
:O& function of time, first for the cilculations. Th.is shows
('/ 21 dramatically or at least visually the two regions of operation
22; of the nozzle that are in this test. Initially it's subccoled,
23% critical flow in the first part of the test, where the velocities
~';“_'.-nn"t::; are very high. As it depressurizes, it goes through scme
255 transition region. The latter part of the test is besically
|
| 1003 294
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low gquality, two-phased flow. Then an overlay of the data on
top of the code calculations. The data is actually measured in
two different ways, resulting in che two experimental curves.

(Sslide.)

I would like to take a moment tc show you why we
went to a choking criterior instead of using a fine ncdaliza-
tion, and then take a few moments to explain the actucl
critical flow model we used in this calculation.

This slide shows the sound speed which translate
into critical flow speeds for different equation zets. They
were done by a characteristic analysis looking at the derivative
terms in different equation sets.

The first is a standard two-£fluid model. Analysis
is taken ocut of Wallis where he calculates the sound speeds in
a two-£fluid mixture. The scund speed varies as quality varies
or vapor fraction varies between the pure phase gas scund
speed and the pure phase ligquid sound speed. That's what he
calls a stratified sound speed. The point tc any in this two-
fluid model sound speed is that it's very much higher than what
is actually observed in experimental results which is somewhere
near the equilibrium results. -

That's the result that comes ocut of all the two-£fluid
flow model analyses.

The next cne dcwn here, I have indicated that by

"homogerecus."

1003 295



csd- 1

23|

24 |
Ace-Federal Reporters, Inc. |

25

B T .t et o AR WY B

306

If you want to analyze the sound speed in a system

of differential equations, it's basically the derivative terms

that enter into the characteristic analysis that determine

what the sound speed or what the choke wvelocity will be. This

system of equations has been modified by adding a rate deriva-

tive or an inertial drag, a drag between the phases that depend

upon the relative acceleration.

That changes the time deriva-

tives and space derivatives in the system of differential

equations.

changes the sonic speeds.

That enters into the characteristic analysis and

With that kind of term added, with 2 fairly large

coefficient for that relative inertial drag, the sound speed

becomes greatly depressed and comes more in line with the data

as far as order of magnitude.

The last system of differential egquations that's

analyzed here is one in which the mass transfer rate is assumed

to be the equilibrium mass transfer rate which again depends

upon derivatives.

The equilikrium mass transfer depending

upon time rate of change of quality or pressure, depending

upon how you express it.

Those terms result in again another

increment in the depression cf the sound speed.

It turns out in our egquaticns, the two=-£fluid model

equation, we have all the terms that are involved in this

stratified sound speed as basic convective, t. e derivative

terms.

But the additional derivative terms

that result in a
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lowering of this sound speed which brings it more in line with

the data are derivative terms that appear in the interphase
drag and derivative terms that appear in the mass transfer.

We felt because of the state of the art that there's
not very many pecple that have tried to find correlations for
th 4derivative terms in the interpaase drag. There are not
many mass transfer models that depend upon the derivative
terms. They are mostly relaxation times.

Those models for interrhase drag and mass transfer,
because they don't involve derivatives, would give an analysis
of a stratified type of sound speed. If our numerical schere
is gridded up to follow those equations, we would also predict
such a sound speed.

For that reason, we decided it wodid be betker to
go back and look at the choking phenomena separately from our
basic equations and then impose a chcking critericn that takes
into account the mass transfer and the inertial drag just in
that choking model.

We added an irertial drag and ran it with an
equilibrium and used a tmall cell size. I think it was 1x10~3
for the delta X. That did predict a sound speed within about
1 percent of each cne of these curves at a particular void
fraction. The analysis is thus borne out by the code results.

The next one shows the idealized picture we have.

I am going to just go over that this meorning.
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(Slide.)

We looked for a start at an idealized flow, a homo-
genecus equilibrium flow in the subcooled mocde to see what was
happening to give us guidance for our model. This idealized
model is basically what was used to generate those Marviken
Test 4 results.

Here we have a nozzle. Assume it has a high upstream
pressure in this direction, water flowing through the nozzle.
We begin to lower the downstream pressure to see what happens.
In this stream, with a high downstream pressure, it flows water
through the nozzle. As you begin to lower the downstream
pressure, eventually a point is reached where the saturation
pressures reach the throat. As we try to lower the downstream
pressure further, there will be flashing in this idealized case;
that will take place at the threoat; and further lowering of the
downstream r -essure essentially fills up the diffuser section.

The picture we have at that time, which is the
operation in the subcooled critiéal flow mode, locks scmething
like this.

(Slide.)

Upstream, there's water that has a high sound speed
so it's not choked by a Mach n;mbe: 1l in the water but is
governed by the new type egquaticn, a momentum eguation. Satura-

tion pressures reach the throcat. The velocity at the throat
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pressure.

The velocity at the throat is really much higher
than the sound speed, the homogeneous equilibrium sound speed
that exists just downstream of that throat section. The two-
phased mixture has a low sound speed, as seen by the flat part
of that flow rate in those tests at the end of the run;
whereas, during the subcocoled part where the flow is higher,
the velocity is actually higher than the two-phased sound
speed so that the flow in the downstream part of the nozzle is
actually supersonic. It is really, in this idealized case =--
there is no place where the Mach numbers equal 1.

This is basically the criterion that we use. We
calculated a saturation pressure at the throat, C&l??l&ted
from Bernoulli's equition of velocity. We use that as the
critical flow until, as we depressurize, the velocity begins to
slow down. Eventually this velocity equals the two-phase
sound speed at the throat.

At that time we have a transition. From now on if
the pressure in the tank becomes any lower, there will be a
two-phazed mixture, not only at the throat but back upstream.
We can use our regular two-phased critical flow criterion,
which is not gquite the homogeneous equilibrium sound speed.

We analyzed a set of differential equaticns which we believe
have ccrrect models for mass transfer and inertial drag and

analyzed a sound speed from that mixture which we impose in the
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two-phase region.

Those results, like I said, were run with this
ijealized nozzle, choking criterion. We found just by an
experimental adjustment that we got a little better result
with the experiment if we used a 5 percent area reduction,
which was done in the case of those slides. i

After we had done Test 4, about a year ago, we felt
very encouraged. We were quite excited because the results
were quite good. We were asked to do a blind calculation on
Test 24, I guess about a month ago. When we ran our result, we
did the same thing we did on Test 4 as far as the critical flow:

|

model and got about 10 or 15 percent error in our mass flow
rates which caused us to go back and try to investigate exactlyE
what was going on. |

One thing we did right away, we locked at our results
and thought, "lLet's see if we can make one adjustment.” We
will make that based on the fact we like the flow rate to become
higher.

We thought if there's some nonequilibrium in the
throat field, then the throat pressure would be less than the
saturation pressure indicated by tje ncnegquilibrium. We made
one run with just the throat pressure some percentage of
saturation. We used .87 percent of saturation to give us an

indication of the nonequilibrium.

We made a seccnd run to see if we were in the ballpark.

1003 300
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P 1/l These results are from that case.
2 (Slide.)
3 This was on Test 24 with a short nczzle. There was

4| the pressure in the *ank at the bottom. There was the data.

5i The same kind of phenomena. We were close but not as close as
6; we were on Test 4.

{
71 The next slide shows the flow rates for that same

8 Test 24.
9 (Slide.)
10 Both the code calculations showing the subcooled

1"l region and the two-phased regicon, then the data for that

(‘} ‘21 problem.
13- (Slide.) |
4 Because we saw a difference in the modeling of these

15 two tests, one of them using essentially ecuilibrium and the

-

16 | other to get reasonable results, we used a nonequilibrium

17| throat pressure that was 7/8 of the saturation pressure.

18 | MR. THEOFANOUS: Excuse me. Did you do that all

’9i through the calculation?

20; MR. TRAPP: Only in the subccoled part. The things
21& I am trying to emphasize relate to our subccoled mcdel right
2| now.

23: This caused us to go back and say, "lLet's loock at

24| the data and see if we can figure out a little mcre of what is
Ace-Fecdersl Recorters Inc,
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We toock a preliminary look at some of the data.

"his is what we came up with, again looking at the subcooled
regicn, basically at 10 seconds. We picked 10 seconds to
make our first look at the data for Test 4 and Test 24. We
also did it for Test 22, which is on the chart, and did it for
four other tests. We did it for all the nozzles that have a
half-meter diameter and a nozzle with a .3 diameter.

We noticed this. All the results on the slide are
just the data. Saturation pressure -- look at Test 4, in
particular. Saturation pressure at the nozzle; the throat
pressure measured in the experiment. For Test 4 the ratio of
the saturation pressure to the throcat pressure. There is
about .96 parts of equilibrium. The throat pressure was 4
percentage points down froﬁ saturation.

Then we could take the throat pressure in the experi-
mént and the pressure at the bottom of the tank and from
Bernoulli's equation calculate the velocity that would exist
at the throat.

Taking that velocity and the actual measured flow
rate, we can figure out how much of the pipe must have been
flowing full and get an area reduction. For Test 4 it came
out to .84, a 2-D effect for air ccnducticn.

We did the same for a number of tests. In all the
tests, we basically noticed, in the subcooled region, about a

15 percent area reduction.
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The worst case was Test 24.

There appears to be about a 15 percent vena contracta
effect even in the Marviken nozzle.

It turns out the egquilibrium is about .9 in every
test except this Test 24, which has a very short nozzle. 1In
fact, .96 was the highest one out of the six tests we ran the
data ‘"rough for.

We feel we may have a little better understanding
that there is some nonequilibrium going on in the Marviken
tests, especially in the short nozzle that was chopping off.
Apparently there is a fairly consistent vena contracta effect iq
all the tests. We intend to go back and run scome of these tests
over, using these parameters in our critical flow model, to see
if we have a correct understanding of what was going on in
those tests.

All the tests show scmething, but Test 4 gives us
another problem that comes up in all of these critical flow cr
experimental results. We ran this Test 4 with -- we run it
with PSAT. We began to ask how did we get such good results
when it doesn't compars with the data?

It turns out this nonequilibrium effect and this
area effect are in opposite directions. If ycu take this
idealized PSAT flowing area as a reference case, when the
throat pressure is less than the saturation pressure at the

throat, that causes the velocity to be faster at the throat:
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csl 1l right?

2 So that would be more mass flow rate than the

idealized case. Because there is a vena contracta effect, that

4 sees less area. It goes back in the direction of the idealized

!

5! case.

| .
6 We said, "let's assume we had a PSAT here in the
7 data and calculate what the data's area reduction would be."

|
ai It turned cut to be .94. We ran with a .95 on the first test.
|

9% It shows we can get reascnable results. We have to
‘Oi be very careful. We might be not modeling, what we think we
“g are modeling. We might be mixing up effects.
o
( 12% (slide.)
; ‘3} One of the conclusions I have from our analysis is |
"g that for exporimental results it would be helpful to have
'51 extremely smooth nozzles to eliminate geometric effects.
"

That way we could have a better handle on what is really going
‘7§ on in the actual critical flow process. It wculd give us

18 || better control over the flow rate of the depressurization rate,
‘9% which is the thing that is being controlled in those experi-
202 ments.

21. We also saw, in just a Summary , that a critical flow
B 221 model must be used in these codes unless cne is willing to

23% develop the correlations, the time-dependent -- not time-

24 depemdent -- rate-dependent correlations for interphase and

Ace-Federal Seporters, inc. |
25| mass transfer.
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T™wo of the effacts do complicate the pictures. Some-
times they ard haré to sort out. If we hadn't had pressure
measurements in the throat of the nozzle, we could not have
sorted out what was due to the nonequilibrium and what was due to
the two-dimensional effects. The Marviken tests do show some
nonequilibrium, as indicated by those numbers in chat data
analysis.

Thank you.

DR. PLESSET : Thank you, Mr. Trapp.

Any comments or questions?

MR. THEOFANOUS: What is the critical pressure ratio
in these tests?

MR. TRAPP: Vic, do you remember that?

MR. RANSOUM: What do you mean?

MR. TRAPP: You mean in the entrance to the throat?

MR. THEQFANDJUS: Yes.

MR. TRAPP: I think this chopred-cff one was scme-
thing like .6.

MR. THEOFANOUS: .62

MR. TRAPP: Wasn't it?

MR. RANSOM: I guess I am confused.

MR. THEQOFANOUS: Critical pressure ratio.

MR. RANSOM: The actual measured value was about .6,
ves.

MR. THEOFANQOUS: In the subcooled regicn.
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MR. RANSOM: That's relative to the saturation
pressure.

MR. THEOFANOUS: No. Critical pressure ratic just
compared to the stagnation pressure.

MR. TRAPP: Back in the tank?

MR. THEOFANOUS: Yes, back in the tank.

MR. TRAPP: I think that is reasonable, .6. Some of
them went down to =-- I think the chcpped-ocff nozzle went down
to .4. I am sure it did. I can remember the graph now. The
minimum is around .4.

DR. FABIC: The pressure taps in the exit, they are
r.ot that close together, to each other?

MR. TRAPP: No. Farther down --

OR. FABIC: But you see what ycu cali the threoat
pressure is right at the end of that. In fact, only the latest
nozzles have an abrupt ending at the end. A2thers had steps.

It complicates the picture much, much mecre. I don't want to go
into that one.

The later nozzles have an abrupt ending. The
pressure traps near the end are not that close together. Yet,
we see that there is a very steep pressure flow line near the
end. I don't think we have knowledge of the throat pressure.
You can't claim much about the mechanistic mcdels based on that
knowledge.

MR. TEEOFANOUS: How about your calculated pressure

1003 306
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ratio.

MR. TRAPP: Can I say something? The longe:.nozzles,
like in the Test 4 with an L/D of 3, there were measurements
at the throat. The measurements Stan was talking about are
three measurements downstream.

Even there, toc get the throat pressures, the taps aref
not that close and we just *ook the minimum cne. They do
show =--

MR. THEOFANOUS: What would you be calculating
1deally based on your model?

MR. TRAPP: 1In Test 4, we calculated about the same
as the data in our idealized case. There were only like nine -;

MR. THEOFANQUS: I mean if you toock the pressure that’
your model calculates right at the throat? |

DR. FABIC: I am coniused as to what he calls the
throat.

MR. TRAPP: We took the minimun -- they have some
pressure taps all the way along the discharge pive with a
larger number right at the exit; but up near the entrance to
the nozzle, there's three or four taps. We tock the first
one, which really turns out tc be the minimum one. If you plot
a pressure line down the pipe, taking all the taps, the ends,
the ones near the threocat, the minimum always appears at the
first pressure tap. We took that cne.

DR. PABIC: The minimum is right at the end of the
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pipe?

MR. TRAPP: Okay. There is a minimum and it goes
up and rapidly falls.

DR. FABIC: That is just the vena contracta effect?

MR. TRAPP: That's what I was calling the throat.

MR. RANSOM: The minimum pressure point =-- John,
maybe you can clarify that --

(Simultaneous discussion.)

MR. TRAPP: There are questions whether it's choking
there or at the end. It has to do =-- that's a complicated
picture, like Stan says. If you assume there was choking at
the end, whe:re it was flowing full, then you'd have different
paramcters. These parameters --

MR. THEOFANQUS: With this understanding, can I ask
you again to please tell me in very few words what is the pre-
scription that you used in your critical flow calculation?

MR. TRAPP: We assume at the throat section, which is
the section which we had as the first =-- I can show you what we
call the throat section on the slide in the numerical model.

If we lock at our nozzle, we really had the first
section -- one at the very exit and one in the middle of the
discharge nozzle. At this section here, our choking criterion,
we applied the minimum section where the nozzle began. 1t that
point, we imposed in the idealized case for Test 4 -- satura-

tion pressure existed at that throat, and that gave us

1003 308



essentially momentum equation.

MR. THEOFANOUS: You just used only =--

MR. TRAPP: Or in the later runs, we had some ratio
of the saturation pressure. That was the value used to get a
flow, a critical flow, in the subcooled regicns.

MR. THEOFANOUS: I see.

MR. TRAPP: When that value =-- when the two-phased
criterion =-- you notice, if there was some quality at that
point, when that two-phased sound speed was larger than tlat,
we transitioned to a two-phase critical flow mcdel which had a

different criterion.

MR. ZALOUDEK: What did this discharge pi~: lischarge

into? Was it a free d.ischarge?

MR. TRAPP: Essential’, ! ee. As I remember, there
was a deflecting plate.

MR. ZALOUDEK: Then co you feel that the flow was
attached to the walls or detached from the walls at the wvena
contracta?

MR. TRAPP: 1In this region here or ocut here at the

MR. ZALOUDEK: In the pipe. In the v2na countracta
within the pipe?

MR. TRAPP: We felt from the data it indicated that
some kinds of separ.tion, maybe some cavitation at the throat,

as it flashed. It wasn't flowing full at the throat.
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MR. ZALOUDEK: Since it wasn't flowing full, the

critical flow situation should have been at the vena contracta

or the last place where it attached to the walls, because if it's

not attached to the walls, of course, it can't choke.

MR. RANSOM: John, could I make a comment on that?
This is something I feel very strongly about. I have been
urging people to run these critical flow tests with idealized
nozzles at least for a reference case so we could separate
some of these gecmetric effects from separatiocn and/or cavitatian
which may be occurring at the point of vena contracta. We can
put together a picture; even if it's separated, it could still
be choked in that the vapor flow in the separated region or

cavitated region could be supersonic.

-
.

Actu;lly, from the data, looking at tests like this,
you cannot separate out which of these kinds of phencmena are
occurring. I think John will agree with ne from these looks
that he's taken of a number of tests, an idealized nozzle, an
ASE bell-mouth nozzle with a smooth entrance, 10 degree entrance
or so, would eliminate at least cne of these variables which
would allow the critical flow model to infer more about what
is happening in terms of nonequilibrium and the choking
phenomena, cr chcking criterion.

I don't see why they don't use this kind of a nczzle,
especially when the only cbjective of the test is to set a flow

rate for a given depressurization rate.
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|
|
|
n19 Yi I understand that Marviken wanted to model an actual
2! nozzle inlet like you might have on a reactor vessel. That's a
) 33 reasonable objective. But they should have included at least
li one ideal nozzle to elimi-ate and separate the gecmetric
5; effects.
6} DR. PLESSET : I am joing to let Stan have the last
7; word. We have to move on.
3% DR. FABIC: These large tests that we get were not
9; meant to be model development tests.
‘Oi Why use those to develop models? Why should they
11| check these models for the effect of scale using test data
\ 'zlr from Marviken? I think it is wrong to start developing basic
)
'3; models based on tests like this. I think that's wrong.
"! That's just -- what you call it =-- trying to fit
‘5i the model to agree with the data.
18 DR. PLESSET : All right.
17| MR. THEOFANOUS: Could I ask you on the basis of

'8 | what you learned from that, what do you recommend to use for a

1
"i critical flow for a reactor calculation?
20 MR. TRAPP: We feel good about using this model,
21 | this idealized case, as a reference case. We would like ta be

22| able to quantify it a little better. Some departures from
23| nonequilibrium at the throat sc we have the capability of
24 | putting in some throat pressure that is different from

Ace-Fecersl Repormrs, Inc.
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MR. THEOFANOUS: So at this point you don't have
anything to recommend specifically?

MR. TRAPP: Other than that idealized model with
some paramaters to take into account the nonequilibrium.

Thank you.

DR. PLESSET :+ Thank you. '

Our next presentation is on the BEACCN code.

MR. BROADUS: Good morning. I am Chuck Broadus. I
am responsible for the BEACON code development program here at
INEL. This morning, in discussing the BEACON program, I am
going to be covering the purpose and philosophy behind BEACON,
as well as some of the methods used in the BEACON mcdel develop;
ment. I will present then what our current released version ofl
the code consists of, that is, BEACON Mod 2, and some of the |
results we obtained by running this version of the code.

Finally, I will wind up with a summary of the current
work that is ongoing in the BEACCN code.

(Slide.)

DR. PLESSET : Any condensation to save time would
be appreciated.

MR. BROADUS: Okay. The purpose of the BEACON code
is to provide a best-estimate containment analysis capability
in order to evaluate the actual transient or phencmena
associated with a reactor containnent.

To discuss the reasons this is important, I want to
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cs2l 1l cover what the BEACON philosophy is. To put it into perspec-

2 tive, I would first like to cover what the current licensing

- JE philosophy is for reactor containments in the United States.
4; (Slide.)
5! The current licensing philoscphy in the United
% States consists of using conservative codes with conservative

7; input to come up with a conservative analysis.

3 What this does, this produces a "conservative result,”
9| which is more than adequate for the licensing of nuclear

lo; power plants. However, it does have scme drawbacks.

1‘% First of all, we do not know the degree of con-

12l servatism involved in the analysis. We know that it is con-

servative, but we don't know the safety factor involved.

| .
14? Second, the use ¢f conservative or homogenecus-type
‘5: codes may cover up important problems or phencmena.
‘61 Finally, for some analyses, high pressures and

|
lTi temperatures are not conservative. For some analyses you want
18? low pressures and temperatures; and in this case, if you have
‘91 a code that by its nature calculates conservatively high
20; pressures, all you can do is try to go for conservatively low
2!2 input lata. Then, again, you don't know where you stand as
222 far ;; the margins go.

[
23 (Slide.)
24; Comparing this to the best estimate or BEACON

25| philosophy, we use a best-estimate model in order to predict tha
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actual transient phenomenc. That is, we are trving to include

in the best-estimate code the .~ tual physics of the problem or

at least as much of the physics of the problem as it's possible

to do.

What this buys us is that

|
we will have a benchmark or

a basis for comparison with the licensing codes so that we can

determine what our safety factor is.
Secondly, if we have done

cluded enough of the physics of the

our homework and have in-

problem, it should show up

all of the problems -- potential problems -- and phencmena

that would be associated with a given analysis. ‘

Als=o, the best-estimate or

used for European licensing type of

BEACON type of code may be

analyses where you calcu-

late a best-estimate analysis, and then either add or subtract

a safety factor, depending on if you need a high pressure to

be conservative or a low pressure to be conservative.

Finally, we feel that BEACON is a general enough

tool as far as the geocmetry, the inclusion of the physics of

the problem, that it can be used to
that may crop up in the containment
been a number of problems that have
BEACCN would be a good general tool

handle the problem completely in an

handle further problems
analysis area. There have
occurred in the past where
that could maybe not

ideal way but could at

least get a handle on the order of magnitude of the problem.

(Slide.)
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er~3 !§ I will now move on to the methods used in the

2j developnient of BEACON. In general, we tried to use suitable
3; existing models where this has been pcssible. These models
include at the heart of the BEACON program the LASL KFIX
numerical scheme, which is a two-dimensional, two-phased, non-
6| equilibrium type of a calculation.

7| We added to that the INEL heat conduction subcode to
!‘ account for our wall and structure heat transfer.

9% We have two water properties or equaticn of state
10 | packages, one which is a quick-running ideal-properties

package based on a Los Alamos package; and the other is a

12| slower-running ideal-properties package based on the Brookhaven
3| National Lab.
14

We also i ~luded the INEL dynamic storage routines
15| in order to conserve th: core usage for a given problem and

16| the INEL intraprocessing and plot packages.

17 (Slide.)

18 However, in cases where suitable models were not

19| available, we have developed our cwn. These included the use
20| of the addition of an air pump on an end to the KFIX numerical
21 scheme. This is necessary in a containment code. _—
22 We added a mass momentum and energy source model into
23| BEACON. This is primarily to model break locations, either

24 | directed or nondirected. Hcwever, the same source model can
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25‘ be used tomodel such things as containment sprays, fans, and
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coclers.

We added a wall film model to track and calculate the

3| mass of film that becomes de-entrained from the bulk fluid flow

4| onto the walls or may condense on the walls.

LR We have dev.loped a set of heat transfer correla-
6 tions which are based on the physics of the problem and
7| utilize the unique informaticn which BEACON provides. This

8| includes localized velocities, the localized thermodynamic

|
9} properties, as well as the film thicknes: which would tend to
‘Oi modify the heat transfer coefficient.
n We also added a number of options which allow us to

12 f model a general geometric -- properties that are found in most

13/ nuclear power plants. These include a generalized mesh coupling

4 scheme whereby we can connect a number of meshes in a very
15 | generalized way. We have a variable mesh spacing option
where we can .uesh very finely in a certain area, where we are
17| interested i some phenomena that we are expecting there; as
18| we move away from that area, increase the cell dimension.

19 We have ailed a partial flow blockage capability

20 | whereby we can partially block off a cell and add a loss

2‘3 coefficient to account for a small piece of equipment or pipe
222 running through that cell.

23 We added a lump parameter regicn mcdel in order to

24 | model large rcoms we are not particularly interested in the

25| variation of thermodynamic properties; and finally, we added a
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a3~ ! restart capability so that expensive codes can be run a little

7; bit at a time, or expensive problems can be run a little bit
|

- 3; at a time so that you don't waste a lot of money on a problem
‘i that's going to bomb.
5 FPinally, all of these items were included in modular
8

| fashicn so as future models come along, better models, it will
7| be very easy to remove the current model £rom the BEACON code

8| and introduce the improved model.

|

9% All of these models have been incorporated into
‘0; BEACON and are included in the currently released version,
”5 BEACON MOD 2-A. BEACON MOD 2-A is a two-dimensional, non-

~ ‘2% equilibrium mcdel capable of handling two components, air and

| '3§ water; ard two phases, the air vapor phase, as well a. the
“E ligquid phase.
'SE It can handle complex modeling or complex gecmetries.
'6; It is gocd for the short to the intermediate term; and it has
'7f heat transfer capabilities from stiuctures to individual cells
13; or group of cells; and it can also track a film that may be
'9} covering those heat structures and mcdifying the heat transfer
205 coefficient.
2‘; o (Slide.)
22; Now I would like to present some of the results that
23 we have obtained using the released version of BEACCON MCD 2-A.

'-nn"ti:‘ Specifically, I would like %0 cover the Battelle-Frankfurt D-15

test which was the basis of a CASP or containment analysis
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standard prcblem which we participated in in Frankfurt, Germany:

This consisted of six rooms. Rooms 6 and 8 were
connected by a duct which passed through Room 4. The other
rooms were all connected by way of orifices.

The break locaticn was up in Room 6 in the corner;
and it consisted of steam. This was originally intended to be
a blind problem. We did participate in that. The results I
am going to show you today are not the blind problem results
that we turned in.

At the time that we ran, we had to turn in the blind
problem results, we had just integrated the heat transfer model:
and the wall film model inco the BEACON code. As a consequence;
we still had a number of coding problems which caused an Qver- |
prediction of the temperatures in the compartments. This
primarily had to do with the interaction between the wall film
and the cell. We also had oscillations which tend to cbscure
the results. The oscillations, it turned cut, were caused
by Mcdeling Rooms 7, 4, 5, and 9, two rocms away from the break
as lumped parameter regions connected by lossless orifices.

At this timein the MOD 2-A version of the code we
do rot have the capability of modeling irreversible losses.

This set up oscillations between the lumped parameter regicns
which carried bazk into Rooms 6 and 8 which were modeled as

two-dimensicnal mesh regions.

The results I will show you today use the exact same
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data that we used for the initial submittal. However, the
rooms away from the break were also modeled as two-dimensiocnal
regions. Those are the only changes in the data.

(Slide.)

This is a comparison of the BEACON calculations for
the pressure in Room 6 shown as the red dashed line with the
measured data in that same room.

In Room 6 we o.arpredicted the pressure transient;
and in Room 8, in this rcom we underpredicted the pressure
transient. The reason for this is that, as I mentioned before,
in this version of the code, we do not have the capability of
modeling loss coefficients or some kind of an irreversible loss.
We attempted to account for this loss or this effect by re-
ducing the area.

This worked well for all the orifices in the ptoblem:‘
but evidently, for that duct between Rocm 6 and 8, we o.erdid
it, causing the overshoct of pressure in Room 6 and the under-
prediction in Room 8.

In all of the other rooms away from the break, we
had an excellent agreement with the data.

(Slide.) o

This is a compariscn of the temperature data in Room 6
for three different thermocouple locations. The first two
lines represent the thermoccuple lccaticn closest to the break;

the next two, a little farther away:; and finally, the last two
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s28 II curves represent thermocouple location located near the duct

2‘ entrance into Room 3.

i 3 A number of things can be seen from this graph.
4} First of all, just the fact that BEACON is calculating three
sg different thermocouple locations points out its ability to
6i calculate a nonhomogeneous two-phase type of a problem. We

7| were the only cne that participated in the CASP problems either
8| of the Americans or Germans which were able to show up this |
capability.

The next thing were oscillations in the temperature
curves for BEACON. This is due directly to using too large of

|
|
!
|
|
12| a transfer for the heat calculations. If we reduce the time
i
l
|

!3’ step to where it's more on the crder of the £fluid calculations
14|| time step, then those oscillations disappear.
1§ | Next, I want you to notice on the slide the delay

16| that occurs right here, or the overprediction of BEACON as

17| compared to the data during the early transient. I will cover
that later on a different slide.

19 The last thing here is the underprediction or the

20| apparent underprediction of the data of the thermocouple away
2!z from the break.

225 This is due to the fact that BEACON cannot calculate
23| a steam front passing through the room. You can see the

24| effects of the steam front as it hits the thermocouple at this

Ace-Fecerasl Reporters, Inc. :
25| point where we get a rapid rise in the thermocouple temperaturc.
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BEACON, because of its nature -- it's a finite

difference code -- tends to diffuse the fron. over a number of
cells. The air fraction, which has a significant effect on
that thermocouple, or on the temperature calculated by BEACON,
is not purged out of that cell as rapidly as it is in the
regular problem.

If you look at a thermocouple in these rcoms as a
heat sink, a small but finite heat sink that is initially cold,
the first steam that is going to come through there will treat
the thermocouple as any other heat sink. It will condense out
on +“he thermocouple.

You expect during the early transient for the thermo-
couples to be measuring more of the saturation temperature than
the actual temperature in the room. . .

(Slide.)

This is the same data as in “he previous slide.
However, what is plotted, superimposed in red, are the
thermocouple location saturation temperatures as calculated
by BEACON. This produces much better results, and we tend to
converge directly onto the measurements of the thermocouples.
So‘jrom this, we concluded that at least during the early time
pericd after the steam has passed the thermcocouple, that what
the thermocouple is probably measuring is the saturaticn
temperature

(Slide.)

1003 321




¢s30 1

)

21 |
22
23
2
Ace-Fecdersl Heporters, Inc.
25

332

I will move on to the subject of the delay time or the
overprediction you saw in the first slide. This shows the
temperature transient in Room 7. This is a room away from the
break. That's the temperature -- the data is the blue line.
the BEACON-calculated gas temperature is represented by *the
gold line on this graph.

As we participated in the CASP workshop in Germany,
we noted that most of the cther codes tha% participated had
the same trend, that is, to overpredict the duata during the
early transient. Further, it was noted that this transient
could just about be backed out or predicted based on the
pressure transien% and an adiabatic pressure-type calculaticn.

When we modeled in BEACON, very crudely, a thermo-
couple -- crudely in that we used the proper dimensicns, but we‘
had t< use some average properties from wlhat we knew of the
thermocouple. We put it in Room 7 and made a run. The results
ycu see are represented by the red curve. The red curve dces
match the data much better. This is the center-line temperature
of the thermocouple.

We submitted the-e results to Germany; and they have
dcne some testing on their thermocouples. They were claiming
thermocsouple delay times, ;esponse times, only on the order of
milliseconds: but they had calikbrated them based on dunking chem
in hot water or putting them in a steam jet. This is gquite a

bit different from a thermocouple sitting in a relatively
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still-air atmosphere.

They are now saying they don't really know what the
thermocouple response is in this early time pericd, but it looks
tc be more like on the order of 1, 2, or 3 seccnds.

The other thing to note here is the way BEACON
underpredicts the temperature transient toward the end or after'
1-1/2 seconds. This again is when the steam front ccmes through
che room and comes in contact with the thermocouple. There
a7ain BEACON has diffused the steam front and it's not going tol
pick that up immediately. We would expect, if we ran the
problem out further, for the BEACON-calculated temperatmre to
eventually move up to the thermocouple temperature.

It is not plotted cn here; however, the saturation
curve for BEACON for this particular cell tends to follcw the
lower curve out to about .4 seconds; and then it makes kind of
a parabolic increase up to matching this data out at about this
point. Again that would tend to point out that what the
thermocouple is measuring during that part of the transient is
probably more saturation temperature.

I will nov move on to the current work that is going
on in the BEACON program.

(Slide.)

We are currently involved in developing BEACON MOD 3.
This involves the addition of three major models. The first

model -- and by far the most involved model =-- is the
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best-estimate correlations model toc govern the interphasic heat,

mass, and momentum transfer. Dr. Sahcta will discuss that in a
few minutes with you.

The second model we added is the form and friction
loss model, to allow us to handle wall friction as well as
entrance and exit losses.

The third model is illustrated by the figure -- what
we call an out-of-plane coupling model. This increases our
gecmetric modeling ability. We connact an interior cell of
one mesh to an interior cell of another mesh by way of a one-
dimensional region.

(Slide.)

As the BEACON MOD 3 program is wound up and issued to
the Jational Energy Software Center, we will be moving, as
Dr. North pointed out yesterday, into a period of developmental;
assessment where we are going to be evaluating the program.

The purpose of this developmental assessment portion of the
program is to define the range of conditions and problems to
which BEACON is applicable. We are guing to do this primadly in
four steps -- four steps for each particular problem, I should
say.

-

The first step will be the problem setup and documen=-
tation. That is, we are gcing to examine the gecmetry, th
boundary conditions, and then set up the problem to the best

of our ability and document why we modeled the given problem i:
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The second step will be a blind run. "Bl. .i" here
should be in gquotes, because we will have access to the data.
However, we are going to attempt to not look at the data until
we do get a satisfactory first run, just based on what we have
done with the input. .

The third step, then, would be the data compariscon
where we will compare the results of the blind run with the
data.

The fourth step will be our learning phase where,

provided the results of Step 3 are not satisfactory, we will
modify the data within our best-estimate limitations, that is,
such things as nodalization, in order to dete'mine where we
went wrong and %o learn how to better meodel future problems.

The types of problems that we are going to be inves-
tigating £fall into two different categories. We have the
separate-effect-type problems which are intended to look at a
certain capability or phenomena that BEACON calculates. These
include such problems as the entrainment/de-entrainment
experiments which are being performed at Drexel, as well as
the Lahey two-dimensional flow work being done at Rensselaer.

The other category of problems are the integrated
containment problems. For tihese we are relying heavily on the
Battelle-Frankfurt C&D series tes:s, because we have good

access to the data, znd the type of data that they have taken 1is
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particularly suited to the BEACON develcpmental assessment.

The other test we will be locking at =-- other type of
tests is like the CVTA -- Carolinas-Virginia Tube Reactor test =--
to evaluate stratification-type capabilities.

This concludes my presentation. Do you have any
questicns?

CR. PLESSET : Let me ask you cne. No, I have two
questions. You can say yes or no.

Do you expect to get the capability to analyze an
ice condenser containment?

MR. BROADUS: This would be included in future work.
As I mentioned, we are moving on to a pericd of develcpmental
assessment which should last about a year. After that, it will
be assessed whether we should continue working on it or not.
Then we would consider a prcblem such as that.

DR. PLESSET : Would ycu be able at scme time to
evaluate the effect of a hydrogen burn on the containment?

MR. BROADUS: We have not ==

DR. PLESSET : 1In particular, an ice condenser plant.

MR. BROADUS: These are, again, £fu*vu e models. We
do not have a hydrogen tracking mcdel in there nocw. It has been
considered for future work.

DR. PLESSET : Thank you. I think we will go on to the
next part of the presentation. Again I plea for brevity.

MR. SAHOTA: Thank you. I would like to menticn,
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| I think in the type of problem, we really need an equation. It
|

- 3 | may not be easy.

4 DR. PLESSET : I didn't say it would be easy. I

wn

; thought it might be important.
E MR. SAHOTA: It might be important. We have talked
7;! about including mass diffusion.
3 (Slide.)

In the best estimate, we have tried to maintain
reality, sometimes at the expense of -- the idea has been %o

develop aquations which apply specifically to the containment

l
|
I
‘2E applications. However, the coordinations shculd be general
i
|
|
|

13 enough to cover our situation. Consequently, the equations are |
"% correlations, but we feel they should be reascnably activated.noﬁ
‘5; %o invalidate the core if run under the extreme situations.

“; (Slide.)

17 Mr. Broadus mentioned BEACON is a two-dimensional

'8 | transient, two-component, two-phase nonequilibrium code. The

‘95 unequal velocities between the two phases lead to interphasic

2°2 drag.

21

The second thing is the thermodynamic nonequilibrium
22| give rise to heat and mass transfer in the presence of iner:
23| gas. Since that is present, the problem is further complicated.
]

| For the analysis, we considered a very simple flow
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regime approach. The first one is the dispersed droplet-type
flow.

The second is bubbly flow. Then the flows with
void fraction close to .5, and then we have flows with other
void fractions. Actually, in your slides, this is incorrect.
It should read 0.5 less than 1, and 0 less than 0.5.

We have given rigorous treatment to the dispersed
droplet-type flow, feeling this is the most frequently
encountered type of situation in containment application.

However, we also have tried to handle bubbly flows
in a similar manner, and less emphasis has been placed on the

other two types of flows.

Basically, the approach is for dispersed droplet and
bubbly flows. We try to get the interphasic exchanges for a
single droplet and then consider the distribution of the
droplets or the bubbles.: We interpret those rates over various
sizes.

For void fractions close to .5, since there is some
doubt whether bubbles in ligquid or droplets in gas, we assume a |
varied type of interphase and used some steady-state correla-
tions to predict the rates. at

The othe; flow situa*tions are simply hindered by the
combination of the above results.

Let's assume a droplet has dispersed in an air vapor

mixture. One can calculate the interphasic rates of heat, mass,
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cs37 1 and momentum transfer from some standard correlations.
: 2 (Slide.)
. 3? This is the well~-known equation for drag. Once the
- ci drag equation is unknown -- which is basically this data -- in
5; our standard textbooks, the development for the drag equation
55 yields an expression like this.
.
7! All I can say is this is only dependent upon
.

8| Leonard's number. Once that is known, which is known from the

9| BEACON calculations, we can calculate the drug cocefficient.

i
10: For the mass transfer in the presence --
lliJ MR. THEOFANOUS: This is for solid spheres?
12% DR. PLESSET : Yes.
\_) 13| MR. THEOFANOUS: Do you expect any difference for the
14' particles?
Iss DR. PLESSET : Or even for the detection of the

16| possibility of flow?

17 MR. SAHOTA: Yes. As I said, we have tried to keep
183 a very simple approach. However, Washington State has done
19| some type of work. He has had reasonable success assuming
20 | droplets as spherical, solid spheres.

21| However, I would like to mention that his work has
22| been primarily in the nozzles where the drcplets are really
23! small droplets. I will mention about the mcmentum exchange
24 | between the droplets and the gas phase. That is automatically

25| included in the BEACON calculations. Like if a droplet
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cs38 1 evaporates and there is a momentum exchange between the
zé droplet, subphase and the gas phase, which could affect these
3% results. Those are included.
4? MR. THEOFANOUS: We are talking about the drag

$| coefficient here, not the solid effect. There's gquite a bit of
information that indicates the drag cocefficient can ke gquite a

7| bit higher.

8 MR. SAHOTA: Right.
9 MR. THEOFANOQUS: When the drops are c:formable. I
10| think the study you mention -- it is probably true. 1In the

nczzle, the particles are so small there is no =--

|
|
12% MR. SAHOTA: Either the particles are so small, or =--
E MR. THEOFANOUS: That wouldn't be the case in your
! case. The particles wouldn't be that small. '
15 MR. SAHOTA: What I was really going to say is we
16| have some other large uncertainties which completely supersede
17| this unknown effect, like droplet-like distribution. We have
IB; assumed a droplet-like distribution. We have established a
19| maximum droplet radius based on numbers which was sort of a
20 | mechanical trade-off.
21 DR. PLESSET : Maybe you should take a glcbal view.
22% MR. SAHOTA: Some peoprle have done it. We take the
23| droplet approach; you take scmething and it applies very well
24 under certain conditions. It does not hold that well under

Ace-Federsi Reporters, Inc.
25| other conditions. So what you end up doing is putting in 10 corx

1003 330




24
Ace-Federal Reporters, nc. :

25

341

15 equations to cover different types of situations. That's
what we tried to avoid. I don't claim they would be accurate;
but at the same time they should give us answers within an
order of magnitude and should really not vary.

Anyway, the mass balance in the presence of inert gas
gives you an exgpressicn like this, where W is the mass fraction
of the volume at the interface, and infinity is the ambient
extreme.

GM is the mass transfer coefficient. I would discuss
the calculation of GM, which is the mass transfer cocefficient
in a moment. However, I would like to add that in the case of
the inert gas not being present, we use the expression given
by Shadl. .

MR. THEOFANOUS: That means you consider the importané
step to be the condensation step from the gas phase to the
ligquid. Wouldn't it be important that the heat has to be con-
ducted away from the interface? Don't you think that would be
the limiting step, not the transition from the ¢as to the
liquid?

MR. SAHOTA: I don't understand.

MR. THEOFANOUS: It would simply mean under your
conditions the kinetic limitations would be unimportant and
the actual consideration would be lying in the conduction away
from the droplet interphase into the bottom of the drop.

MR. SAHOTA: That is what it is. We are taking the
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production into droplets in the gas pl.ase.

MR. THEOFANOUS: I realize that. I am saying that

doesn't agree with it. It would seem under your conditions

kinetic limitations would be unimportant. That's just the

opposite.

MR. SAHOTA: You are saying the conduction in the

droplet would be important?

MR. THEOFANOUS: More than kinetic.

MR. SAHOTA: Liguid is 0t =--

MR. THEOFANQOUS: We are not =-- you say when you talk

of gas, you use the science equaticn. That tells me, then, in

that case you are using kinetic limitation. I am saying

|
\

kinetic limitation shouldn't be important and conduction should

be important.

MR. SAHOTA: I take it back. I was thinking about

this inert gas phase. You are right.

tions do we encounter in the containment where there's no

inert gas? What I pointed out is we are trying to maintain

complexity. The point is you might end up in a flow situatien

where there is no air.

I just mention that we are adding that expression.

I don't believe that is accurate, but that is

the computer calculatiocn.

MR. THEOFANOUS: Fine.

just to force

I don't want to belabor the

point. It seems to me, however, you want to aveoid glaring
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inconsistencies or glaring mistakes. I think it's an error to
put something like that in the calculation. It covld be that
during an actual calculation a subcompartment is getting some
of the air, and what is left is not too much air. Maybe some-
body thea that applies the correlation is not being so careful
and is using the wrong calculations in the place where the
droplets are growing, condensing, without the presence of air.

MR. SAHOTA: VYes.

MR. THECFANOUS: That's enough.

MR. SAHOTA: I get your point. But I missed the
point; I thought you were talking about the presence of inert
gas. That is where our main effort has been present, in inert
gas and dispersed droplet type of flow.

(Slide.)

Similarly, the energy balance at the interphase gives
rise to expressions like these.

This is really valid for number cne. You get more
expressions.

Also, we assumed it to take advantage of the analogue
in the species and energy equations.

GH is equal to GM, which is the mass transfer co-
efficient. These two can be calculated in terms of heat or
mass tranfer coefficients in the absence oI an inert gas. The
distribution of the species egquaticn, if it's given in years,

in an expression like this, so that if one knows the heat or
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er “ mass transfer coefficients in the absence of inert gas, cne
‘ |
i
l
{
l

2 can ~alculate the other gquantities in the presence of inert gas.
3 This GM and GH could be calculated from well-known

4 A equaticns.

5; Once one knows the mass effect on the droplet, all one
°E has to do is use droplets. To do that we coasidered distribu-

7| tion on the droplet size. The maximum droplet radius -- R is
3| the dimension of the droplet. The maximum droplet radius is
9| calculated based on mechanical calculations.

10 Once the droplet sizes are known, we just took those

analytic expressions and interpreted it over all droplet sizes.
‘2ﬁ The total drag is given by this expression. The B/R is given
‘3‘ by this expression. We were able to give analytical numbers by
intcrpretihq thesoj

'5! DR. CA.iON: Did you get the same kind of analytical

"E results?

‘73 MR. SAHOTA: That is what that is.
|
"j DR. CATTON: To one-half?
|
9 MR. SAHOTA: I might have an error there, but I

20 | think this equation is correct.

2‘! DR. CATTON: I thought it was for flow.

72§ MR. SAHOTA: That is for black leg.

135 DR. WU: Low and intermediate.

4 MR. SAHOTA: That's correct. If you really take a

Ace-Fecerst Reporters, Inc. |

235 | maximum droplet size and calculate =-- look at the velocity
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between the two. You get reasonably small numbers.

(Slide.)

Allow me to talk briefly about the bubbly type of flow.
For the drag coefficient, again I am going to have scme cb-
jections here. What we did was considered a single bubble and
used the same approach as for droplets to calculate the drag on
a single bubble.

An energy balance on the bubble yields expressions likel
these where GH is the heat transfer ccefficient in either case.'
Ideally, one should calculate this liquid heat transfer co-
efficient from the distribution of transient conduction
equations, or, in other words, using it, and one should be able
to calculate the heat transfer coefficient that way.

However, to do that, one needs to have the age of the:
bubble and the history, the coefficient history in the liguid
case which requires a tremendous amount of computer storage.

So again we said, okay, we would use this egquation,
consider it quasi-steady, and calculate this heat transfer in
an approved manner just because c¢f the computer storage problem.

Once the energy is known, again we interpreted those
overall bubble sizes to calculate the macroscopic exchanges.

L

(Slide.)

The third type of regime is void fraction which is
close to .5. In the absence of any cthgr informatiocn we

assumed a wavy liquid air-vap. - interphase. One could calculate
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the stress at the interphase if that were known. One could

also calculate a standard number based on well-known solutions,
based on macroscopic exchange rates.

Those exchanges can be calculated by multiplying by
the area. That is based on the existence cf droplets.

(Slide.)

The other flow regimes are simply the extensions of
the previous flows, flow regimes. That is a void fraction of
.5 and 1.0, We assumed the velocity and temperature -- we
ignored the velocity and temperature gradients. The phenor:na
is basically in the gas phase. Therefore, one could simply
calculate the drag heat and mass coefficient.

However, Between void fractions of 0 and .5, the
conducticn is in the liquid phase.

Similar types of approaches have been used to? the
heat and mass transfer coefficients.

Just to reiterate, all I really want tc reemphasize
is that our main emphasis has been this droplet flow in a
containment in the presence of inert gas. However, scmetimes
we do run into situations where sometimes, because of numerical
errors, a particle or cell would give you some mass fraction.
We need to know the flow domains. Therefore, we have added sort
of generalized best-estimate interphasic correlations,

However, there are cther types of correlations

existing in the BEACON calculaticns which are meant for special
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emphasis. If one wants, you could use those.

That concludes my presentation.

DR. PLESSET : Thank you.

You have a very ambitious program. It is commendable.
If you are successful, it would have applications in other |
areas aside from the containment flow problems. I wish you
luck.

MR. SAHOTA: Thank you. I think we will need that.

I was surprised to find that it was really based on some -~

like =-- bubble formations during that depressurization. We have
oeen able to successfully use that correlation for containment
applications. We said if we could use that, which was really
based on bubhble formation and bubble growth, a;suming constant
equilibrium during the life of the bubble -- if we could use {
that for droplet type cf flows, we certainly stand a better
chance of using some approach like that.

DR. PLESSET : Thank you.

MR. SAHOTA: Thank you.

DR. PLESSET : I think we will have to have a change
of gears which is required for the next subject. We are going
}o have a presentation by 7r. Rosztoczy on the NRC QOffice of
Nuclear Reactor Regulation needs.

I am sure their needs are very mcdest.

(Laughter.)

This shouldn't take long.
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DR. ROSZTOCZY:

(Laughter.)

DR. ROSZTOCZY: Mr. Chairman, as you indicated, my
responsibility here is to give z brief summary of some of the
most important licensing data needs that we have. I would
like to specity that I am going to talk about only those data
needs which relate tn Semiscale or LOFT. Also, I am going
to talk about short-term data needs, basically programs that
we expect can be completed within the next year or two.

With those two gqualifications, let me go to the
siides.

(Slide.)

The first area where we have some data needs is the
upper head injecticn system. As you might recall, we have
completed our review of the upper head injection system back in
1977. We presented the results of those reviews to the
committee at that time.

One of the main conclusions of the review was that
the available calculational technigques had very large uncer-
tainties associated with them. These were sufficiently larce tc
kind of mask the possible benefits or drawbacks of the UHI
system. Therefore, we cculdn't really decide how much of a
;enefit those UHI systems represented.

In order to be able to have a better understanding of

other systems, like UHI and possibly other systems, ECC systems,
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there is a definite need for more experimental information in
this area.

This experimental information should have the under-
standing of the UHI system performance, and it should help us
to develop and verify calculational methods which can then be
used to analyze these systems.

We have requested this type of work back at that time.

The program has been developed for this purpcse. The program

was ready to start approximately a year age last summer. 1In
the first test -- there were three tests -- we ran into some
difficulties. Some of these are known as the S-076 problem.

We will come back to that later.

We fully agree with the people involved in running
thisprogram that some of these problems have to be resolved
refore we can go and complete the »rogram.

We are waiting for the rescluticon cf those, but we
would like to emphasize that this is an outstanding program and
the completion of this is important and urgent to us.

I would like to point out that the last word on the
slide should ke "practicable.” We would like to see this
program completed as socn as it is oracticable.

DR. PLESSET What is the Westinghouse view rr-arding

-

the validity of the proposed tests? I am sure there has been

discussions with them about that. In advance of the test,

what do they say?
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48 1 DR. ROSZTOCZY: We have had numerous discussions

2| with Westinghouse on this subject. Westinghouse pecple in

3; general are not completely pleased with this program. We have
‘% asked them repeatedly if they can propose or if they are
5i planning to run on their own any programs which could do a
‘i better job than this. Throughow the past three years, this

|
7

| discussion has been going on. They could not come up with

8| anything better than this program. ‘

| We all realize that a program, short of being a
'oi full-scale program, will not provide all the information that
"i one would like to have.

\ ‘2% The information presently available is very sketchy
'3; and very limited. This program would put us one step, one big
"; step further ahead. It would not resclve everything completely;
5| We think it will be very valuable.
16| Should scmething develcp in the program that indi-
‘73 cates that certain variations on this or scme changes would
18; be helpful,.they will be factored into the program.

'qi Final resolution, I believe, was that Westinghouse
20; is not doing pretests for the program. We will run the first
2'5 test series. We are going to lock at the data and see if we
2 are getting meaningful data cut of the test program. Provided
23| the data is meaningful, Westinghouse will do all the necessary
24

| calculations, blind calculaticns, that are necessary.
Ace-Federal Reporters, Inc. |
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‘9 " calculations, I think being made with COBRA? We have seen
2| scme results. What are you feelings about that?
o 3 DR. FABIC: I would like to update the information
4| you have.
5; DR. PLESSET : Shall we do that, Zoltan?
65 DR. ROSZ2TOCZY: Please, go ahead.
7; ' DR. FABIC: The information vou saw in Los Angeles
|
8; showed the results of the COBRA calculations for the vessel
9; only, where the boundary conditions were given by SATAN.
‘Oi We agree this is important to the contrasting requirements, con?
1 flicting requirements. We have since then been able tc merge
~N ‘2§ COBRA with TRAK so that now COBRA calculates the complete

13]| system. They are redoing these UHI Westinghouse plain calcula-

14|l tions for the complete system, not just the vessel. So it is

15| a separate system calculation.

t
16 | DR. PLESSET : When do ycu think those would be

17| available?

18 | DR. FABIC: I was on vacatiocn for a menth. When I
|

‘9; come back, I will know +he answer to that.

20 | DR. PLESSET : It's not too far in the future?

21 | & DR. FABIC: They already ran the calculations for

22 | the system. They are now running the Westinghouse plant on

23|l installments. It's a lengthy calculation. Their access

24 | computer is very limited. They use Broockhaven. It has very
Ace-Federst Reporters, Inc.

25| 1limited access.
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DR. PLESSET : What is your attitude toward the
usefulness of these calculations?

DR. ROSZTOCZY: I would be interested to see them.
I have not seen them yet. Once I have an opportunity to see
them, examine them, I will be very happy to comment on them.

DR. PLESSET : Okay. That scunds like a lawyer.

(Laughter.)

DR. ROSZTOCZY: We all learn to talk that way.

(Laughter.)

(Slide.)

DR. ROSZTOCZY: Another area where we do need experi-:
mental data is the small-break loss-of-coolant accident. We |
have had cne small-break Semiscale test run back a Qumber of
years ago. This was S-02-6. This was the conly small-break
test. It was selected as a standard problem, as part of the
standard problem. Most of the vendors have been doing pretest
predictions for this test.

The report predicting the calculations was published
back in the spring of 1978, somewhat more than a year ago. The
conclusion from the comparisons was that there are comparatively
large uncertainties in the calculations. The two main un-
certainties that we have observed were -- cone of them is in the
depressurization rate. Some of the calculations were far off on
that.

The other large uncertainty that we chserved was in
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the behavior of the calculations at the time when cold ECCS
water is being introduced into the system.

The data shows some change in the depressurization,
acceleration in the depressurizations, but just a relatively
small amount at that time. Some of the calculations just
depressurized very fast. Because of these reasons we asked
for -- there were alsc some problems with the data. I am not
sure from the details, but I believe maybe the discharge flow
was measured. There were problems with the data.

As a result of this, we have asked for additional
small-break tests.

We have also observed from the licensing order we
have received last summer =-- related to some changes in the
variation mo&el of one of the vendors =-- B&W -- in the review
of that, we have noticed that the calculations are ru=~.er
sensitive to changes, the small-break calculations. There are
relatively minor changes, and they can produce 300 or 600
temperature variations in the calculations.

At the same time, the tests regquired by Appendix C
were applied for large breaks. Wwhen applied to small breaks,
they make a relatively small difference. +

Putting all of this together led us to the reguest
for additional tests and additional small-breax analvsis. The
purpose of this would be to evaluate the uncertainties of the

small-break calculation and to validate the calculaticnal
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metiiods.

We have also requested -- this is not a standard
problem, but there i3 a definite request from the NRC that
each of the PWR vendors should predict this test.

The actual test was completed in December of 1978.
The calculations from the vendors are not in yet. There have
been other complications while the LOFT test program was going
on. We have been asking for pretest predictions.

There was a change of priorities. The LOFT test was
done first. The small-break test has been locked in.

We have sent a letter to each of the vendors urging
them to provide these calculations as soon as possible. We
asked for it by September. We are in discussions with them on
the actual date when the calculations will come in.

(Slide.)

More recently, due to the TMI events, there has been
an increased emphasis on small breaks. This is a continuation
of my small-break slide.

TMI-II brought attenticn to various facts i
connectiocn with small breaks. One is that the very small LCCAs

are occurring with a highew frequency than what we previcusly

considered. In the B&W case, there have been four events within

30 reactor years of operation, which is a relatively high
£requency.

The other thing we learned is that the

1003 344

U

lant responses



1 ——— . —————— R B s . e e st A UG . T . i . s B et el @ A - — o —————— o —— e e ——

cr'3 1

A |
' 4 N 3 l
|

1
12
13

14

23|

24

Ace-Faderal Reporters, Inc.
|

25 |

355
to very small breaks differ from the plant responses to the
more common small break that has been looked at and analyzed in
the safety evaluation models. Very small breaks are not large
enough to remove the decay heat from the core. The discharge
cannot remove all of this heat. Because of this, it is very
important to have other modes of heat removal. ,

Natural circulation to the steam generators, there-
fore, plays a very important role in this very small break.
Because the heat is not removed, overpressurization is possible.
If the break is at certain locations, like in the pressurizer,
at the pressurizer level, it will not empty. There are a
few other complicaticns depending upcn where “he reactor coolant
comes from.

In order to be able to handle these very small breaks,
the calculational techniques have to be carefully removed for
this purpose, keeping in mind these serious phencmena to see
if they can be handled.

Up to now, our observaticn is working with the
various vendors. Each of them need some changes in their
variation models in order to account for all of this.

We also Jound that there is not sufficient experimen-
tal information available. We are at the point ncw when we
think the codes are predicting th. basic phenomena. Where they
are, we do nct know yet. We do need experimental evidence.

We, therefore, request tests -- the word is used
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here, a "demonstration" test. A demcnstration means that
during the past three months in our work with the various
vendors, they have predicted through the analytical technigues
of how the plants could respond to the small breaks. They
predicted for some of these breaks that there will be
depressurization when the various ICCS systems come into play.

For some small breaks, there will be a hang-up of
pressure clcose to the secondary site pressure. There will be
no further depressurization for the next three-year period of
time. For other breaks, there will be pressurization up to
high pressures. Other means are needed to reduce the pressure.

We are asking for tests to demonstrate these three
basic behaviurs of very small breaks, the depressurization,
the pressure hang-up, and repressuri;ation.

The test program is being planned to augment sach of
these. They will provide at least one basic test result for
each of the cases.

We have also predicted -- we have requested reactor
suppliers provide pretest prediction for selected tests. The
tests we are asking them to provide have not been selected.

It appears now that it will be cne or tweo tests which will be
run later this year, or late this year, or early next year.

This has been spelled cut in the latest record, new
Reg 0578.

The small-break tests have a wvery high priority.
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c=55 " We would expect to see a program ongeing on this in the very |
| ZE near future.
™ 3 (Slide.)
‘i The third document I would like to discuss is
|
5i Semiscale Test S-07-6. This was run as cne of the first tests
6; in the new Semiscale MOD 3 system. This test was run when
7i voiding on the downcomer occurred during the test, which kind of
3: caught our attention.
9? As a result of this multiple voiding, it was rather
‘°; pronounced and rather long-delayed in the quenching of the core:
|
‘li The peak clad temperatures have not changed signifi-
iy ]2§ cantly; so the calculated peak clad temperature and the actual |
‘3% pressured peak clad temperature weren't too far apart. I don't‘
": have a slide with me tha% shows the temperature, but the
‘Sé difference there is not much.
’6: However, there is this large difference in the
]7; quench time. So the oxidation, the zirc-water reaction, because
Ial of the time period, is quite different than what the code
19| calculations would show.
.
20% In our licensing work during the past few years,
2" since 1974, since the ECCS criteria was published, shows that
22: in some cases the calculated zirc-water reaction is very clcse
23 to the limit specified in the acceptance critericn. There have
AOJ“"R.NH"L::.E been a few cases in the past when the platwas limited by th
25 ||

zirc-water reaction. They ran into the zirc-water reaction
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before and into the peak clad temperature.

The extended time period here could result in rela-
tively large uncertainties in the prediction of the zirc-water
reaction, like something by a factor of 2 or maybe more.

So, therefore, we paid quite a bit of attention to
this test. ;

The first question was: Can the codes predict and
can they calculate this test? We have tried the RELAP 4 code.
We have tried the TRAK code in its l-Dversion.

The conclusion from both of those tries was that the
codes were unable to correctly predict the experiment.

Yesterday you saw some slides which were done with

the RELAP 5 code for this very same test. They have shown some

* L

promising effect for the early portion of the transient.

In order to put it into proper perspective, those
calculations were only for the blowdown portion of this
transient, because the RELAP 5 code is not ready yet to be used
for the other version.

We cannot run the complete version with RELAP 5 at
this time. Therefore, they do not know whether RELAP 5 would
be predicting correctly or approximately correctly the delay in
the quenching of the core. Some of the ccde modifications which
were outlined yesterday will provide this capability. My own
estimation is that RELAP 5 would hzv 2 this capébility nex:t

year sometime, but nct earlier.
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There was also a divergence cbserved in the temperatures, the
calculated temperatures relative to th> measured temperatures of
the first turnaround in the temperature that is not fully under;
stood yet, what caused it. I think more work is needed before
some of this is ready.

The conclusion is at the present time we do not have
a satisfactory pro2uc*ion of these test results by any of the
computer codes available to us. Right now we cannot calculate
this step.

We have requested both experimental and analytical
studies to decide whether this phenomena is typical for PWRs
and whetHer it is significant for the licensing type of actions%
licensing type of dec'sicns.

We do not have in all the results of the various
things that are ongoing to try to resolwve this prcblem. We
don't have a final answer yet. However, up to now, we have
learned a number of things. Those are listed under the present
status.

One of them that we have learned, and we are convinced
of, that this phencmena is a real phenomena and it can occur in
large systems just as well as in small systems.

DR. PLESSET : How do you base that can occur for
large systems? Why do ycu feel that?

DR. ROS2TOC2Y: That it can occur in large systems?

A

The phenomena is basically a phencmena we all know f£rom our
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high school physics; and from there on it's sometimes called
chi-square.

If you get into a condition that the water is
saturated in the downcomer everywhere, taking into account that
the pressures vary in the downcomer, is saturated everywhere,
then if you produce a voi¢ somewhere so ycu have just a little
more heat, then you have an uustable situation.

In the production of the wvoid, it reduces the
heat, reduces the pressure, prcduces more boiling, more
flashing, which then pushes up more water, and you throw the

water off on the system.

Hence, it is not limited in size. Those of you who
might have a little more time can go to Yellowstone and see
the action at 0ld Faithful.

DR. PLESSET : It should occur in LOFT, in other
words?

DR. RCSZTOCZY: Since it came out in Semiscale in a
very pronounced manner, we have gone back and asked the gquestion:
Is this unique to Semiscale, or has this nct been observed in
the other test apparatus where tests have been conducted?

The answer is it has been observed in every single
apraratus on which tests have been conducted. It has occurred
in the German test, in the Japanese, in LOFT, in the special
test done on large scale, actual scale.

DR. PLESSET : No dcubt it occurs, Zoltan. Maybke it
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has trivial effects. 1If it's trivial, you Qon't make a big

2l thing of it.

3? DR. ROSZ7T0OCZY: Yes.

‘i DR. PLESSET : Would you take me further on this non-v
’; triviality?

6

DR. ROS2TOC2Y: Yes. Let me just continue along
7| the lines of the slide. I think it will bring this up.
8 DR. PLESSET : I think Dr. Tong wants to make a
remark.

DR. TONG: May I caution you that S-07-6 test was

caused by a poor insulation in the downcomer. We reported

o ™ that, and we are modifving it. The Semiscale-downcomer inter-
|
'31 relation is goirg to be repaired and represced.
] DR. PLESSET : Yes, I know
,si DR. TONG: The consequence you got from S-07-6 may
‘6i be contributive to the poor insulation. It may be atypical.
!75 There should be a caution on that interpretation from that,
‘8; that it may be misleading.
‘9: DR. PLESSET : I think that's a very gcod point,
20; Dr. Tong. I remember when the subcommittee heard abcut the
2’E §-07-6. There were strong reactions to the lack,of insulation
225i or effective insulation.
2| DR. TONG: Yes.
~'$n_u.“”""ti: DR. PLESSET : I don't call it a downcomer; I call it

25

a hot pipe, which is what it is, connected to another hot pipe.
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That is Semiscale in this context.

I think we should be a little less -- I don't know
what == I have been careful with my iliteral-minded friend
about the significance of this for other prototypical or large
BWR systems.

Now, Zoltan is being very serious about it. I think
it's an interesting thing, but its pertinence may be a little
bit open. It could be a difference of cpinion. I see Zoltan
doesn't look happy.

DR. ROSZTOCZY: No. I think I agree with most of
those remarks. I will come back to those at the end.

One thing =-- in our present status we are saying the
phenc ena is real. Whether it would occur on a PWR, we den't
k: ow it yet; but we don't think it's something limited to
small sizes.

DR. PLESSET : One-dimensional configuracions?

DR. ROSZTOCZY: That's correct.

The seccnd thing that we know is that looking at the
licensing code in RELAP 4, and the codes used by the vendors,
it becomes obvious that some of the basic physics needed to
predict or handle this phenomena is simply not in the codes.
So we know that the codes which are today being used for
licensing just don't have the capability to handle this
phenomena.

Therefore, going back to the available licensing
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calculations cannot answer the question. We need some other
means to answer the gquestion of whether it is important for
PWRs.

So we did the best that we could. We went to our most
elaborate and most difficult code, which is TRAK. We have
done calculations with TRAK in 3-D vessels for an actual PWR.
This is being done at LASL by the TRAK people. We had a pre-
sentation from them. We know the results they are getting.

The evaluaticn of this is that they do see this
phencmena actually occurring in their PWR calculations.

The fourth cbservation here is kind of a side obser-
vation, that using the RELAP 4 code, it did nct predict this
behavior. There was a problem with the code, and in order to
resclve this, they have repeated the calculations, putting less
ECCS water into the system than actually was done in the past.
The purpose was to avoid the stacking up of water in some of
the boilers.

When they did this, then they got results which are
much closer to the test result. This is a possible indicatien
that maybe in the test some subcocled water is being by-passed
that doesn't enter the downcomer and doesn't enter intc the
process the same way.

Summing all of this up, our present point is that,
yes, we are well aware of the fact that the heat flux in

Semiscale is larger than expected heat transfer in a PWR.
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Nevertheless, the phenomena being a real phenomena,
we would like to know under what condition could this happen;
and then we would want to compare that to the predicted con-
ditions in a PWR and see if there is any overlapping.

And we know from calculations that if you change
some of the other parameters -- not the heat flux but some of
the other parameters =-- you can step up the =ame phenomena.
Basically if you get saturation in the downccmer, yocu get the
phenomena.

For example, with a much lower heat flur than what
was in Semiscale, like taking the heat flux of the PWR, but
decreasing the subcooling of the ECCS water, the same
phenomena are seen.

We also learned that the important test factors are
that cold water enters in the actual systems in the hot legs.
There are relatively small steam flows in the hot legs. 1In the
cold leg, when you enter the ECCS water, there are relatively
large steam flows.

This preheated water -- the water going intc the
downcomer -- is not on the temperature of the ECCS water but
is already radiated. The heat flux is wvery important.

It's very important how much steam is generated in
the reactor core. f in the reactor core the flocding stops
momentarily because there is voiding in the downcomer and

there is a possible flow reversal, then the steam generaticn is
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; steam generation. You will get the correct pressure. If you
3| don't have the correct pressure, you don't have the correct
“ temperature. Some of these are put in the calculations by a
5| simple assumption. You have to put all the basic physics in
6| there and then see what happens. Once we have a tool in our

7! hand, then we can take intc account the low influx of the PWR;

8| we can take into account the proper temperature, the proper core

9; behavior, the proper core lengths. The core length seems to make
102 a significant 3difference here. That may be why it was not as
’]% pronounced in the earlier tests.
ﬂw '2; When you take all of this into account, you will

: '3; know under what condition it exists in PWRs, whether it's real |
“% in terms of whether you expect to see it in an actual loss-of- |
'5; cqqlant accident. We think it's very important to resolve this
‘°% as soon as possible.
'7. One other item that comes up here is that we have
’sé provided a presentation last September tc z2ach of the
19; licensing bcards who are faced with PWRs.
20% We have updated this information that I just pre-
21 sented to you. We have updated this. That was in May 1979.
2|

There have been no licensing actions since May 30 because of

23f other complicaticns, mainly Three Mile Island.

24
Ace-Feceral Regorters, Inc.

25

As we go back to our normal licensing werk, this will

be introduced. I think the urgency is on to try to resolve it
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as scon as possible.

Yes, it is possible that the outcome will be that it
is not important for PWRs. Tt is also possible that the out-
come will be that under certain circumstances it is important
for PWRs.

DR. PLESSET : Dr. Teng mentioned a very, very
important point, the so-called downcomer, the fact it wasn't
insulated. It's also one-dimensional downcecmer; right?

DR. ROSZTOCZY: Yes.

DR. PLESSET : I know you are very much interested
in the multidimensional behavior. I know what your attitude
was about the German upper-plenum test facility. You were
very strong in having a 360 degre. rather than using a plane
of symmetry with 180 degrees. You are quite sensitive to
multidimensionality of a downcomer? |

DR. ROSZTOCZY: Certainly.

DR. PLESSET : Good. On that basis, I would say there
is another reason to be suspicious of the significance cf this
Semiscale on 7-6 because of the -- well, it wasn't insulated.
Maybe that will take care of it; but even beyond that, the
one~-dimensional nature of that injection system, what do you
think of that?

DR. ROSZTOCZ2Y: That's exactly the reasor why we
went to the three-dimensional calculations and went to the

actual size and actual geometry. We den't have the means or
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capability to check out the large three-dimensional test.

Up to now, those three-dimensiocnal calculations show
that this actually occurs; but again, please keep in mind,
because it is in a large system, because it is in three dimen-
sions, because the heat fluxes are different, what we see there'
is not as pronounced and not as strong as it was in the test.

Now, the great value and the reason why we think
S-07-6 is a great test is because it's somewhat simpler than an
actual three-dimensional case and provides a good basis to
check the ccdes, whether scme of the important physics is
present in the code and works correctly.

Once we check those out, then we can go and do the
necessary calculations either to show that we don't have to |
worry about this problem or to show under what conditions do we'
have to be careful?

DR. PLESSET : You discount the measurements and
calculations for LOFT?

DR. ROSZTOCZY: No. Ncwhere is there any discounting.

DR. PLESSET : Because the effects aren't very
seriocus there as I guess from what we have heard.

I also gather you discount the calculations we heard
yesterday about Zion. They are rather detailed calculaticns.

Yes, Stan?

DR. FABIC: S-07-6 provides an interesting test

data, but I am very dubicus that it is a good test toc verify
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the codes primarily because the heat flux from the walls of the:
downcomer deployed in that pipe downcomer is really not known
at all. They measure temperature history, but that is not in
flux. You can specify anything you like and get the results.
That doesn't change the code.

DR. PLESSET : I think that's a third point, really.
I mentioned LOFT; I mentioned the 2Zion calculations. I think
this is a very difficult thing for a code which otherwise might‘
be quite useful. I think I agree with you on that point. 3But
this is a hard calculation to try to carry through with any |

kind of confidence. If I understand you correctly, you agree

with it? :
DR. FABIC: The boundary conditions are not known.
DR. PLESSET : That makes it very difficult.
We will come back to you, Zoltan, so you have the last
word.

DR. CATTON: I would like to add a comment on the
codes. If it's an instability mechanism, there are two sclu-
tions. In the written code, you get one of them, not the other.
I don't know how you are going to carry out checking out the
codes for this particular problem.

DR. PLESSET : I think Theo has a comment.

MR, THEOFANOUS: Along the lines that Milton and
Stan were talking about, alsc I am puziied, because I see your

Items 3 and 4. I would think that one-dimensional ccdes would
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have this effect more pronounced than two-dimensional codes or

multidimensional codes. Yet, I think I got it from what you
presented that the TRAK i, 1-D, was not able to predict the
phenomena. RELAP 4 was not able to predict that. You
emphasized that strongly.

Yet, you are saying you somehow were able to fix
the infinity track and are able to predict some resemblance at
least to the phenomera. Do you have any comments about that?

DR. PLESSET : Yes, maybe if you calculate long
enough --

MR. THEOFANOUS: If you try hard enough to do some-
thing, you get some resemblance.

MR. MATHIS: You get the answer you want.

(Laughter.)

DR. ROSZTOC2Y: Okay. Let me start with Stan. I
didn't mean to imply that the only thing we need is the S-07-6
data as it stands and then you can qualify the codes against
that. No. Obviously, we need additional tests. Already some
of them have been done which have spoken to the downcomer.
New insulation is put into the downcomer to reduce the heat
flux to a low level so the influence of the heat flux will be
smaller than at the present time, and also you would get much

better cut=-off.

But the fact that the system is cne dimensional doesn'

mean that we cannot test the code against the system =-- all the
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codes for licensing. They cannot predict with a cne-dimensional

system. Then something is wrong with the code.

DR. PLESSET : That was Stan's point.

DR. ROSZTOCZY: 1It's a necessary but not sufficient
test.

As soon as the data has been corrected and new test
results are available which don't have to be answered in terms
of the insulation, then you can check the codes against them.

Let me go to Dr. Catton's comment as to why the codes
can't do it. There is a simple reason why they can't. Nobody
kept this in mind when they developed the code. We have spent
approximately or somewhat over $100 million, we and the
industry, on code development for loss-of-coolant accidents.
Among the code developers, nobody had this in mind until we saw
the S-07-6 results. In each of the licensing codes, there are
basic assumptions which completely make it impossible for the
codes to predic? this phenomena.

For example, when the steam generaticn, the steam
flow out on the top of the core is arbitrarily assumed to be a
fraction of the inflow into the core, then that code cannot
handle flow reversal, which brings saturated water intoc the
downcomer.

MR. THEOFANOUS: You are going farther. Why do ycu
limit your remarks to licensing bocards?

DR. ROSZTOCZY: I am going to address all of thenm.
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MR. TEHTOFANOUS: You still --

DR. ROSZTOCZY: That's the rather common assumptions.
Some of the licensing codes use that. They don't introduce the
cold water into the coclant. Therefore, they don't mix it with
the hot steam that's going around in the core. Instead, theyput
the cold water int» the lower plenum.

DR. PLESSET : It's a good place to have it.

DR. ROSZTOCZ2Y: Part of the phencmena -~ it would be
a good place in the real world if it would go there. It
doesn't go there, however, in the calculation that is being
put in.

There are scme of these assumptions going into the
calculations which made the calculation smcother. They could
progress maybe on a shorter é;lculatiozal time; but thcse
phe:iomena -- when we go to the more elabcrate codes =-- and I
think that was Dr. Theofancus' guestion -- the TRAK 1-D is
entirely different than the TRAK 3-D. The difference is not just
going from one dimension to t!.ree dimensions. TRAK 1 was using
a reflux model while TRAK 3-D handles the prcblem entirely
different.

The conclusion I got from the Los Alamcs pecple working
with TRAK 1-D is that they are unhappy with the reflux model
in TRAK 1-D. They gave up on the prediction of this problem
until TRAK l1-D will be converted into a two-fluid modefqnxt

year. Then they will come back and calculate it.

#» 1004 001
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The basic problem is the two-phased flow .icdel in
that version of the cocde. The two-phased flow mcdel in TRAK
3-D is entirely different. They have more faith in that than
they have in the TRAK 1-D.

Right now they believe that the calculation that
they are doing for a PWR with the 3-D version and the code
two-phased model is a more appropriate model.

DR. PLESSET : Stan?

DR. FABIC: Just a point of clarificatiocn about
nomenclature.

As you are aware, the two-fluid model was used in
TRAK for anything inside the vessel. The reflux l1-D was for all
the loops outside the vessel.

They decided that when they locked at this problem,
to lock at that pipe, which is called the downccmer, it was not
part of the vessel, as part of the loop. So they used the 1l-D
flux model to describe the phenomena in the so-called down-
comer.

We have known that our reflux models, physics in the
reflux were not very gocod.

That's the reason why they were ncot happy wish the
result of the calculation. Now they are trying to dec it all
again.

That's the nomenclature.

DR. ROSZTOCZY: Yes.

1004 002
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cs™’ ‘% DR. FABIC: There is no such thing as a TRAK l1-D.

2E DR. ROSZTOCZY: The main difference, as far as this
i 3; program is concerned, is that this is handled differently in the

‘% calculation. |
5% DR. PLESSET : I think Stan made a good point. |
5% DR. ROS2ZTOCZ2Y: The other concern we have is that
7i when the reactor designers designed the ECCS system, they did
81 not have this phencmena -- they didn't think of this phenomena.
9; It wasn't in their design calculations. Should this arise in
'O; scme of the loss-of-coolant accident, it could set some
1‘! requirement for the ECCS system. It's possible that those

requirements can be very easily met. The subcooling is a very

'3i important parameter. It is important &£hat you not put in
: "E water than a certain temperature. I am certain you can cut it
15? out from the PWRs. If you know the subcooling is not hot
‘éé enouch, it will not Lappen in a PWR. This is not a design
17; requirement. There is no such limitation on those plants,
185 depending on where the plant is located or what time of the
'93 year they are at. There is different temperature water
20 available for ECC.
2'5 It is possible that what is available is sufficiently
2 low.
23i DR. PLESSET : I hope ycu don't make this requirement
~"“_‘Rq~n"t3:’ yet to control the water temperature.

25: DR. ROSZTOCZ2Y: We made one requirement. That one is

1004 003
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cs” “ spelled out here. We have required the vendors to provide an
| 2; evaluation where they can show, (a) that the calculation is
?f\“ 3} proper even if it doesn't follow the actual physics, but that
4| that calculation is still appropriately conservative. Or if
5. they cannot show that, modify the calculations to account
62 for this phenomena should this phencmena come into play after
7; some break size or some calculation, that the calculaticn
|
5; would hold. That's the only requirement.
9§ DR. PLESSET : Maybe we should go on.
‘°§ DR. ROSZTOCZY: So. The only other peint is that
N we do need this analytical tcol. We are encruraging every-
/~) '25 thing in that direction to see what can be done with that.
’3f§ (S1i .e.)
1‘; The last group of data needs that I am going to talk
‘5% about relates to transients and accidents.
162 Transients -- and I mean here transients like loss-of-
‘7? feedwater transient, excess locad type of transient, rod with-
18; drawal, turbine trip, station blackout, and so on, typical
‘9% -ransients recognized. These transients are a lot more mild
20; and the consequences are a lot more favorable than the con-
21 sequences of what wg call accidents.
22? Because or this, we have been dcing significantly less
23% in terms cof core development, in terms of actual calculation
~a$-“n-”n"l3:£ for less-of-coolant accidents.
25ﬁ One recent test program performed on the Peach Bottom

| 1004 004
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reactor -- this was in the spring of 1977 -- showed that the

calculational techniques for these transients, the error can

be a significant error.

Boiling water reactors, there is void in the core
due to normal operation. Once you go through on a transient,
then this void might collapse or might increase in value
which affects the reactivity of the core.

The precblem found in the Peach Bottom test was that
the void collapsed; it wasn't correctly treate' ° :he code.
Because of this, the code results gave us quite different
consequences than was measured.

At that time we issued a Board notification concern
on this, and this problem is still being resolved. General
Electric has developed a new computer code that accounts for
the phenomena, and they have shown that that code can predict
the test results obtained in Peach Bottom. They are going to
do new licensing calculations for those trarsients which have
void collapses.

Challenging test results for PWRs are not available.
As part of the start-up of the plants, there are usually some
transient tests. Those tests are oriented strictly to
activity. They demonstrate through those tests that various
equiment are working. They don't have the instrumentaticr Zor
the severity in the tests which provide challenging tests

for computer codes. So we do nct have any real good data on

n - 1004 005
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PWRs. Because BWRs don't have a void in the core during

normal operation, we think they are probably less sensitive

and we think the accuracy of those calculations is significantly
better. Nevertheless, we would like to see sone ccnfirmation

of this.

We are seriously considering requiring some selective
tests on selective plants, both pressurized water and boiling
water reactors, to provide a data base for the verification of
the dimension of these codes.

Once we go to the accidents, we are reviewing the
steamline break and feedline break analysis methods. In this
review, we are again finding kind of a shortage of available
experimenta} data. There is some separ ce-effect tests
available to justify certain problems in the codes. There is
noc good test to test the code in any sense.

Analysis methcds for steamline tube rupture have not
been submitted an. have no' yet Feen raviewed in detail due to
some of the failures in cperating plantc. We are paying more
attention to this and are requiring the vendor:z %o submit
calculational methods in the future. We are going to look at
those carefully.

Experimental verification will be needed. Cur
feeling is that the best way to attack this is to have scm
data on experiments to be done on an coperating plant, and to

also provide some additional data on test equipment like LCFT
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and the combination of the two should be sufficient to proride
that.

For the accicrents, the steam generatcr dynamics ..avVe
been carried out. They ara impcrtant.

Codes have been develorved for that and should be
really representative.

These are basically the test programs that we are
looking for.

In closing, I would like to make just a few remarks.
wWhat we have observed during the past couple of years is that
most of the information relative to plant safety evaluation is
coming from the experimental programs. Quenching of the ccre
is a good example of that; the voiding of the Semiscale down-
comer, the observed high steam generator in the EPRI test, and
the void collapse as it was cbserved in the Peach Bottom

test.

Unfortunately, the calculational techniques, including

our sophisticated calculational technigues, at the present
time are not good enough to predict this phenomena. So any
phenomena we are running into we might not have accounted for

is simply coming from the experimental.

At this stage of development we find that -~ it is cur

opinion that it is very important to keep on deing some of
this testing. It is very important to have test facilities

available should the need arise for some urgent testing. So

1004 007
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if some problem comes up somewhere, because we cannot test the
calculations to the DBS, it is important for us to have some
test facility available to check this out. We are hoping for
the continuation of Semiscale testing in the future.

I would like t- point out one weakness that we have
observed during the test itself in the past few years. This
is the analytical support that has been provided for the test
programs. We fear that the analytical support hasn't been as
strong as it should be.

For example, the tests that are being done at GE
and San Jose whereEGSG has the responsibility to perform that
analysis. FJdr example, the computer code used for the
analysis of the test doesn't gqualify to do some o. the weork
that the ‘est was set out to do. We need a better code fo:u-
some of the tests.

The Peach Bottom tests, which were very significant
tests for boiling water reactor transients, there were no pretest
predicticns done by any means available tc NRC. The only pre-
dictions were done by GE. NRC as a whole did not make an
effort to do the pretest predictions. These tests are rather
expensive. We will see-only a few tests of this sort. I think:
it is iiportant that we try to get them.

So I would like tc¢ urge both the contractors like
EC&G as well as the NRC to pay increased attenticn to th

analytical support work of this test, the data, the informaticr

.-
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that comes out that can be interpreted faster and more
accurately into the licensing procedure.

As you know, we have instructions from the
Commissioners to report to the licensing board every bit of
new information that we run into. even if we haven't had a
chance tc¢ resolve that, whether it is important or might not
be important for licensing process. If we cperate in this
way, { think it's rather important to follow up on the experi-
mental points as to whether we know if they are important or not
important. That way we can keep the licensing process going
in an efficient manner.

That completes my presentation.

DR. PLESSET : Thank you, Zoltan.

With regard to reporting to the licensing boards, do
you report to the licensing board new data cn heat transfer?

Mr. Nelson showed us this picture, the data bank. There are
some new things. D¢ you report those?

DR. ROSZTOCZY: We report to the licensing boards on
every information that could significantly -- that has a poten-
tial to affect the licensing of the particular plant.

DR. PLESSET : If we had another bit of information on
heat transfer like -- well, this Iloege was menticned yesterday.
That could be very significant.

DR. ROSZTOCZY: Yes.

DR. PLESSET : Do you report that?

1004 009
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cs™] 1% DR. ROSZTOCZY: Whenever we run into scmething that
ZE has a significant effect, we do. What was observed there is
i 32 that there was more heat transfer than possible in the calcula-
‘E tion. That has been repc ted both in terms of the increased
a

S| steam generation and in terms of the possible improved heat

? transfer. That has been reported in that sense to the

7| licensing boards, ves.

8 Now, if we run into a case which shows us that a

9{ given licensing type of calculation is most probably better offi
|

‘°i because of scme new item that we found, but we have already

found the plant fully acceptable as it was, then the fact that

12| it's even better off than how we found it is not that important

13| in the sense, because we are 100 percent recommending to the

licensing board that the plant ;tand fully behind it There is

15| less emphasis on reporﬁing those things which make an already

‘5: acceptable case even better.

17 There is a lot more emphas’s to reporting those

18| items which could possibly lead tc other requirements beyond

‘93 those presently in the technical classification of the plant.
20; DR. PLESSET : So you don't put particular emphasis
21! in a report to, for instance, the LOFT results?

22; DR. ROSZTOCZY: The LOFT results are ghcwin_

23| quenching of the core earlier than it was expected.

4 DR. PLESSET : They also showed very low peak clad
Ace-Federal Reporters, Inc.
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28 7%~ ! DR. ROSZTOCZY: No. I am afraid we are not arriving

i

2? at that conclusion. As a matter of fact, we are lcoking at now
]
|

w

in some detail -- as you know, we have done a so-called
4 licensing calculation for LOFT tests; so did Exxon Nuclear
Corporation. When we take up from that calculation some cf the
6| items which were introduced and it's specific to LOFT, but it
7| didn't exist -- namely, that the LOFT fuel is a low-density
8| fuel that goes through on much more fuel densification -- when
9§ we take some of those atypicalities off, then the remaining
19 margin between our licensing process and the actual temperature'
measured in LOPFT is significantly lower than the margin intro-
-~ ‘2i duced into the ECCS hearing back in 1972 durirgz the hearing.

E We do hgye a concern that possibly the mnargin might

14 | be lower than we all thought it throughout the years.

15 | DR. PLISSET : Some LOFT might not be licensable?
16| DR. ROSZTOCZY: No. That is not so. We have learned
‘7f al :; alot of tests have been run. Lots of calculations have

18t been run since 1972. Seven years have passed. During the
19 | seven years -- these were very intensive years in terms of
20 | loss-of-coolant accidents. A lot has been learned. Maybe
2‘? this is an appropriate time now to pull all this information

22 || togecher, sit back, think about it a little bit, see what hav

23| we learned, and see if our licensing approach that was passed
24 | on back in '73 needs any update.

Ace-Fecersl Reporters, Inc.
25 DR. PLESSET : Well, I must admit to being a little

s

1004 01




. . — — — ———— ————— o 7 B T . Il SN, s it 4 . 5 T U Il

382

|
-=80 11 taken aback by what you are saying and the kinds of things
2! that should be of concern for the licensing ctcards by way of
|
= 3; helgf...g them, which is what one is supposed to do; right?
4: OR. ROSZTOCZ2Y: We have two responsibilities. One ofi
Si them is to help them in any area wherever they ask for our
6% help. The second one is s.mply to inform them. It is our
7% responsibility to bring to their attention various tliings that
Bi are going on in various results, calculational results, that
92 we have obtained which might have an effect on the licensirc
10; *hat they are faced with. It is our responsibility to provide ‘
‘1i this for them. |
= 12% We also provide it with an appropriate explanation |
) 13% and an appropriate --- presenting the problem in an appropriate {

4 | manner.

15| DR. PLESSET : Cne thing I am trying to maybe get at
‘6: is that I think Semiscale certainly is a useful and significant
17| test facility; but I would regard it more in the class of a

18 | separate-effects facility rather than as really giving

19f informati_a with not a lot of gqualification and reservation in
20| its applicability to a PWR. This is what I was trying to get
21| at. I don't know_if anybody else agrees with me or not. If
22 | so, maybe they can =-- or disagrees. Please feel free.

23 | Does anybody else want to comment on this last point?
24 MR. ALLEMAN: I don't quite understand how what you

Ace-Federal Reporters, mc.j
25| said, Zoltan -- although the predictions for LOFT lock tc be
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conservative, you don't think they would be conservative for
licensed reactors?

DR. ROSZTCCZY: Let me say maybe a few more words
about that so we understand it better.

Back .n 1972 and '73, when the hearings were going
or, and there was various inf-ormation in the hearings, calcu-
lations were intrcduced into the hearing by most cf the parties
where they showed what kind £ peak clad .emperature they
calculated as a so-called model. They shcowed what kind of
peak clad temperature they would expect to see in the real
world.

There have beei. scme cal-ulations of this sort. I
believe Dr. Zyrmak has done socme. There was information avail-‘
able. When we went to the LOFT test, one way one can get more
information of this sort is to do a calculaticn with the
licensing codes for LOFT ard compare the results of that calcu-
lation t¢ the test. It has been done. It was done Dy running
the test. The calculation was performed.

What has been done post-test and is still going or
is to take this calculation and then take off some of the
assumptions one by one to try to find cut how much is accounted
for by the calculation.

™wo licensing calculations were done by LCFT, one by
Exxon, one by the NRC. The Exxon calculation =-- if you want,

I can pull out the slide.

1004 013
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DR. PLESSET : Tuat's all right.

DR. ROSZTOCZY: The accident calculation was higher
than tiie actual measured temperature; but the diffe.ence be-
tween th2 two was not as large as the difference shown in the
hearing calculations or in the Zyrmak study that was done.

The difference between the two calculations was large,
was as large or larger than what has been shown in 1972 and what
has been shown in Dr. Zyrmak's work; but there were a f-
things in the calculation which are very unigque to LOFT.

One of the problems is that there is a large penalty
on fuel densification. Because the LOFT fuel has been manu-
factured a long time ago, it's a low density fuel. £ somebody
would introduce that type of f?el into a reactor, we wculd -.
.still require the same penalty on fuel densification. So they
put into the LOFT calculation +his fuel densification penalty. !

If we remove that and replace it as much as we can
with something which would be more appropriate, our calculation
comes very close to the actual calculation.

So the extra margin we have there 1is due to =-- I
think there was one other factor. It appears there is no major
disagreement with the Exxon calculation now; but the margin that
you see there is not as large as we have seen before.

Again let me emphasize what was emphasized earlier:

One has to be careful. One can't pick up this number and

ultimately carry it to a PWR. You have to check and lock at
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the fact that there are other thirgs which might provide a
margin on the PWR but does not show up on this test.

After you compare all ¢f those, then you can say my
evaluation today is that all these assumptions provide margins.

MP. ALLEMAN: You say the margin is statutorv?

DR. KOS2TOCZ2Y: The basic principle which has been
stated by the Commissiocners in the comments that they made at
the time when they issued the ECCS criteria was that there
should be sufficient margin to cover the uncertainties of the
calculaticns, plus a safety margin beyond that. It has never
been specified in terms of how big the extra margin should be.
Instead, a judgment was made that the requirements specified in
Appendix C should be put into the calculation, all of them
provide sufficient margyin tc meet these principles.

What I am suggesting is that maybe are getting a lot
more information ivailable today. Maybe we are getting to a
phase where one can specify this a little bit more accurately.
Maybe one can get a handle on what is the uncertainty of our
codes.

Once you can quantify both of these, you can compare
cne against the other and see what c¢rmes ogt.

My personal judgment would be that nothing weould come
out of it.

Then we would change our way and how to handle this.

For example, or2 might find that we have encugh
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margin in the large-break calculation but not in the small-

break calculation. Maybe you ctange the way you handle the

small break.

MR. ALLEMAN: Our uncertainty of the code is less

now than it was?

DR. ROS2TOCZY: No. Unfortunately, I

cannot say that.

Again based upon the limited knowledge available, people tried

to formulate some idea of the uncertainties. I

don't think

those are accurate. There are possibly some statements about

that in the hearing notes.

This margin that was shown, as I reccllected, was on

the crder c£f 500, 600 different margins.

to cover~the code uncertainties.

So that was supposed

Now, if we go back and turn to the people working

with the code and ask how gcod these codes are, then I think

they are good to something like plus or minus 500 degrees.

That's not very good as a result at this time.

We learned a lot about the codes, but the overall

picture of the codes is not tiiat up to date.

Maybe it is because of our ignorance.

DR. PLESSET : You indicate a lot of reservaticns,

which are commendable, regarding the optimism with which we

should apply LOFT data to a PWR.

-

-

wish ycu had

the same amount

of negative reservations regarding the applicability of

Semiscale tc a large-scale PWR.
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(Laughter.)

DR. ROSZ2TOCZY: Dr. Plerset , I do; I do. You ex-
pressed most of those before I got to them. Our vision of
Semiscale is no one srould take the 400 seconds delay. That
would be complicating the problem. The only thing that is
meaningful is to have an understanding of the processes that
the heat plays, than feed those into ocur extrapolation tech-
nigque which we have as computer cudes and then see with these
extrapolation technigques what is the prediction for a PWR.

We have stated that very carefully in boun the Board notifica-
tion notice, which was issued last year in September, and also
in the update issued on May 30 of this year.

We are skeptical. We do not know if this phenomena
has a significant effect for PWRs. We would like to know it
and know it as soon as possible. For that reason, we find it's
a very urgent problem. We hope to resolve it fast. If we can
resolve it in two months, put it behind us, we are better off.

DR. PLESSET : I think we can go down the line.

Ivan?
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