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P-ROGEEDI-NGS
8:30 a.m

CHAI RVAN WALLI'S: The neeting will now
conme to order. This is a nmeeting of the ACRS
subcommittee on thermal -hydraulic phenonena. ["m
G aham Wal lis, Chairman of the subcommittee.

The ot her ACRS nenbers in attendance are
Tom Kress and Victor Ransom ACRS consultants in
attendance ar e Sanj oy Banerj ee, Fred Mbody, and Virgil
Schrock.

In today's neeting the subcommttee will
discuss the status of the NRC Ofice of Nuclear
Regul atory Research's rod bundle heat transfer
program underway at Pennsylvania State University.

Tomorrow, and the next day, we wll
conti nue revi ewof the Franmat ome ANP-Ri chl and S- RELAP5
realistic code version, and its application to PWR
| ar ge- break LOCA anal ysi s.

Portions of this neetingw Il be closedto
the public for discussion of information considered
proprietary in Framatone ANP-Ri chl and, |ncorporated.

M. Paul Boehnert is the cognizant ACRS
staff engineer for this neeting.

The rules for participation in today's

nmeeti ng have been announced as part of the notice of

NEAL R. GROSS
COURT REPORTERS AND TRANSCRIBERS
1323 RHODE ISLAND AVE., N.W.
(202) 234-4433 WASHINGTON, D.C. 20005-3701 (202) 234-4433




10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

5

this neeting, previously published in the Federal
Regi ster, on Cctober 23rd, 2002.

A transcript of this neeting is being
kept, and the transcript will be made avail able, as
stated in the Federal Register Notice. It is
request ed t hat speakers first identify thensel ves, and
speak with sufficient clarity and vol une, so t hat they
can be readily heard.

We have received no witten comments, no
request for tine to nmake oral statenents fromnmenbers
of the public.

We will now proceed with the neeting, and
| will call upon Dr. Steven Bajorek, fromthe NRC s
O fice of Nuclear Regul atory Research to begin.

DR. BAJOREK: Thank you very much. This
is Steve Bajorek fromthe O fice of Research. Wat we
would like to do this afternoon is to continue on a
series of neetings with this subcommittee that
explains and gives the status of eight of our
experimental prograns.

In the past we've had the tests that are
bei ng run for phase separation at Oregon State. W' ve
| ooked at the work by V. J. Dhir at UCLA for subcool ed
boi I i ng nodel devel opnent.

Today we would |ike to give you a status
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and revi ew of the RBHT programbei ng conduct ed at Penn
State University.

First, before | go any further, Jack
Rosent hal wanted nme to say that he apol ogi zes for not
being able to make the neeting today. He had a
doctor's appointnent that | guess the doctors would
not let himout of. But he wanted ne to | et you know
that he would truly rather have been here.

The RBHT programwas started, | believe,
i n about 1998. Gene may correct neif it was earlier.
The first two to three years of the programhave been
tiedup, primarily, with construction, calibration of
t he bundl e.

And at this tinme we are very pl eased to be
able to report that we've continued, or we've
conpl eted the bundl e, or Penn State has, and they've
run a series of reflood experinents, and now after a
couple or three years, we are finally getting to the
poi nt where we have usabl e dat a.

And a group of us fromthe NRC has been up
to Penn State, a couple of times, to inspect the
facility, to witness sone of the tests. And our
initial reactionis we were very nmuch i npressed with
what t hey' ve been able to do, the quality of the data

we believe is quite high.
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And it is hittingthe objectives that were
envi sioned for this test program |If you take a | ook
at the existing experimental data for reflood, be it
from FLECHT SEASET, ACH LLES, there have been sone
shortcom ngs, either inthat there weren't sufficient
anmount of I nstrument ati on, or there weren't
neasurenents that covered all of the various
paranmeters that are believed to be inportant in the
devel opnent of a truly nechanistic nodel for reflood
heat transfer.

CHAI RVAN WALLI'S: Could | ask you now, is
t he objective of this work is only to get data, or is
it to devel op nodel s?

DR. BAJOREK: It is both. It is first to
devel op the data, and then to devel op the nodels.

CHAl RVAN WALLI S: Because | think it woul d
be very wuseful to predictions, as you do the
experiments, so that you learn, you don't get a
nmountain of data, and then try to figure out what it
nmeans.

And then as you find you are |earning
t hi ngs, you change t he nodel s, and t hen you maybe fi ne
tune the data, or sonmething. But it is dangerous just
to take a |l ot of data w thout theory.

| don't see, yet, any predictions.
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DR. BAJOREK: The Staff has not made any

predictions of this. However, as part of
understanding the facility, Penn State has used
COBRA/ TF t o make predictions of the data, before they
run the tests, and they' ve al so followed upwith their
own nodel devel opnment, totry to predict the data that
they were able to obtain.

This is -- one, it is very inportant,
because you want to nake sure that when you run the
tests you don't inpose conditions that are going to
nmelt the rods, or do something that you don't want to
happen to the facility.

DR. RANSOM Wouldn't it be better to use
TRAC- M for that purpose?

DR BAJOREK: Yes, it would.

DR. RANSOM And in fact, what | found in
t he past, al nost invariably with the experinents that
are made | i ke this, that they create their own nodel s,
they aren't integrated with t he mai n objective, which
istoget it into the main systens code.

And so this creates a disparity | ater on,
t hat the nodel ers, nore or | ess, are accused of tuning
the codes to try to get agreenment when, in reality,
the heat transfer correlation, or coefficient, has

been derived from some nodel, you know, which the

NEAL R. GROSS
COURT REPORTERS AND TRANSCRIBERS
1323 RHODE ISLAND AVE., N.W.
(202) 234-4433 WASHINGTON, D.C. 20005-3701 (202) 234-4433




10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

experi menter used.

So it would be nice if these two
dovet ai | ed.

DR. BAJOREK: No, | agree. | think that
it woul d have been a | ot better if we had TRAC- Mr eady
to go, and were able to use it to make it the
predi ctions.

Now, using COBRA/TF, however, we don't
think is tremendously far off at this point. In TRAC
Mright nowis a reflood nodel that was devel oped in
the late '80s, early '90.

And Joe Kelly, who has | ooked at this in
a lot nore detail than any of us, has concl uded t hat
this nodel just needs to be ripped out of the code,
and we need to go back to sonething el se.

The first cut of this is going to be what
are calling and interim refl ood nodel. And it is
going to look a lot |like COBRA/TF. W are going to
trytotake it back to that, and then start to repl ace
t hose nodels with i nproved ones that we can get from
t he RBHT.

DR. RANSOM One of the di sadvant ages of
t hat approach is sort of |ike, you know, the subcool ed
V. J. Dhir's work, you create a nodel that doesn't fit

inthe structure of what you are trying to put it in.
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So sonebody inthe end is going to have to
make conprom ses, you know, to dovetail these
together. And | would guess the sane thing is true
with TRACM and -- | don't nmean TRACG-M but the
COBRA/ TF, that that is probably driven a ot by the
famliarity of the principal investigator with that
code.

But that doesn't help get it into, say,
TRAC-M or get new nodels into TRACGM

MR. SCHROCK: | think it woul d be hel pful
if there was avail able a brief assessnent of what it
i s about the past work that has been found i nadequat e,
and how those inadequacies notivate and define new
experinmental requirenents.

| don't think we have ever heard that,
clearly, about this program

DR. BAJOREK: Actually | woul d have to go
back and | ook, but | believe that when this program
was startedin'97, '98, that foundation was | ai d out.
But I would have to go back and check that.

Now, one thing that --

MR. SCHROCK: Well, | don't think that is
getting at the intent of my corment. | think we are
about to go through discussion of details of

instrumentation on a new set of experiences that
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woul d, essentially, retilling ground that was very
heavily cultivated over a period of 15 years, in the
past .

And | think we need to be rem nding
oursel ves, as we go through this, what are the clear
obj ectives that we need to keep focused on, and not
j ust begi n agai n and say, well, rod bundl e transfer is
i mportant inlarge-break LOCA anal ysis, and we have to
doit right, and we don't think we did it well enough
bef or e.

| don't know why we don't think we did it
wel | enough before. |1'mnot arguing that it was done
wel | enough before. But what |I'mlooking for is clear
expl anati ons of how we know now that it wasn't done
adequat el y before, and what we thi nk we can do t o make
it adequate in a new set of experiences.

| think you have to keep that sort of as
a point of focus in these discussions.

DR. BAJOREK: Well, would it hel p, maybe
this -- | think one of the problens that | think we've
encountered, as we start to tal k about what is in the
code, and what we get fromthe test progranms, is it
starts to get too much for one neeting.

Wuldit be a decent ideato take neeting,

in the future, describe what is in TRAG-M at this
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point, and how we are going to take these data and
chaNge the nodels in what order?

MR, BOEHNERT: Well, we have a neeting
schedul ed in Decenber to discuss TRACM nmaybe you
want to work that into the agenda.

DR. BAJOREK: We can work sonme of that in

t here.

MR, BOEHNERT: Yes.

CHAI RVAN WALLI S: Joe Kelly gave us a
presentation, | would say, a couple of years ago,

where he pointed out sonme of the anomalies in the
present code, which needed to be fixed. | renenber
t hat .

But it wasn't quite clear to ne how this
tied in with this program and what was going to be
measured this time, which wasn't neasured | ast tine,
with flood tests, which would resolve his
difficulties.

So |l think it would be useful if we could
do that next nmonth. Is Joe, who is the guy who is
coordinating this with the nodel devel opnment?

DR. BAJOREK: Well, Joe is the guy who is
in charge of the code devel opnent, and I work with
Joe, looking at the nodels that are going into the

code, but also taking a look at the experinenta
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pr ogr ans.

CHAI RMVAN WALLIS: So you are the bridge
bet ween the theory and the experience?

DR, BAJOREK: Yes.

CHAI RVAN WALLI S: So maybe you are t he guy
who needs to conme back in Decenber.

DR BAJOREK: Vell, | wll be here,
anyway.

CHAI RVAN WALLIS: | will ask again why it
i S you again.

(Laughter.)

DR. BAJOREK: Maybe we will get nore of
our managenment there, or get an answer for it. But,
no, granted that we do need to lay that out, and we
have not done a real good job, at this point, at
showi ng how we are going to take these data, and
integrate these into the code.

But let us take that as an action, and
start working that in at the next neeting.

DR SANJOY: One other thing, just to
continue Virgil's point. Wth the subcool ed boiling
wor k you made a clear case to us about what data was
m ssing, and why that program had to go forward.

What | guess is still not clear to ne, at

|l east, | don't knowto others, is what is the case for
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t hese experinents at all? | nean, at sone point this
case was made way back in history, the anecdotal
evi dence, that people at CSAU t hought the tests were
needed, therefore we did it, or whatever.

But | think we still need to make that
case, once again, and continue to nmake that case.
What is missing, why are we doing it, what are we
going to find, howis it going to i nprove the nodels.

And that doesn't cone through, from
readi ng the material .

DR BAJOREK: Ckay.

CHAI RVAN WALLI S:  Then we shoul d ask, are
we finding it, as we begin to | ook at the results.

DR RANSOM Right.

DR. BAJOREK: Part of the answer as to, |
t hi nk, what has been missing, the earlier data, you
seealittle bit of it. This wasn't the intent of the
over head here.

But we have, overall, four nmj or series of
tests which are planned. Larry is goingtotalk with
you, later this afternoon, describe the bundle, and
tal k about the transient forced reflood tests that
were run since about |ast My.

Penn St at e has managed to run on t he order

of 32 experinments under varying conditions to cover a
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range of reflood rates, pressures, and subcooling.
This kind of gives us our base cases for the refl ood
nodel .

The next couple of series of tests are
going to start to go into questions on the reflood
nodel that we don't believe have been adequately
answered in previous test series.

Junping here to the third one, the steam
cooling, the droplet injection tests. One of the
guestion marks that we've run into is what is the
convective enhancenent that occurs when you have
droplets within the steam fl ow.

Earlier tests have beenrun, | believe, in
a two by two bundl e at UCLA, using glass beads, show
t hat you get much better heat transfer when you have
this di spersed phase in there.

But we really haven't been able to sort
that out of earlier tests |ike FLECHT or FLECHT
SEASET, to try to get at that individual nechanism
Penn State is going to be running a series of tests,
one with steamonly, but also with a rake of droplet
injectors in the bottomof the facility.

So we are going to be able to get
experimental data that gives us a known droplet

content for a given steamflow. So we will be able to
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get that individual mechani sm

Larry is going to describe the
instrunentation for this bundle, and that goes in
here, here, the first, third and fourth. Sonme
guestions on what are the details that go on at the
qguench front, what is the progression of the void
fraction in that wvicinity, as it changes wth
subcooling and refl ood rate.

Well, fromearlier tests |i ke FLECHT, the

DP cells were, | think, a foot apart. O her
facilities like &, which is commonly used, | think
they were two feet apart. It doesn't give us anywhere

near the detail totry to determ ne what was the fl ow
i ke right where quench was occurring.

The ot her thing that was very difficult to
get out of earlier experinents, was sone of the
droplet information. Wen we were trying to use the
FLECHT SEASET data i n devel opnent for the nodels for
best estimate at Westinghouse, trying to determ ne
what was the reflood droplet size, what was that
initial size, and howdid it chaNge as it went through
grid spacers.

It was very difficult, because in the
FLECHT SEASET experiences you had neasurenents of,

think, 3, 6 and 9 feet, but very fewdroplets. The 3
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foot may have half a dozen droplets, the 9 foot, for
a coupl e of tests, may have only on the order of 50 to
100.

And they weren't broken down for all of
the tests, there were only sone very select ones.
Now, a |l ot of that had to do with the i nstrunmentation
at the time, which really neant taking some good hi gh
speed novies, and get sonebody with a good set of
eyes, projecting it on a screen, and going franme by
frame, to | ook at how the dropl et changed.

It took forever and a day to try to get
information for one test. Wth newer instrunmentation
we are able to get that much qui cker, you can get it
at multiple |l ocations, and we are going to be able to
get better nodels for how does the dropl et originate,
how does it change as it goes through an individua
grid, and how quickly does it evaporate away in a
steam of a certain tenperature.

Al'l of that information was there, to an
extent, in sonme of these earlier experinments, but it
was so sparse it made it very difficult to get nodels
that you were confident in, and get themquantified,
to a degree of accuracy that you could apply them
then, to a PAWR, or a BWR experi nent.

So | think where you will see sonme of
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t hose questions answered i s what you are goi ng to get
that is going to i nprove the nodels, and where those
uncertainties are. It is in those processes that are
right nowburied in the reflood nodels, that we can't
get at, unless we get sone of the better experinental

i nformati on.

So we've got four series to try to
segregate that out, using the newer instrunmentation.
The second one, which | haven't really nentioned on
here, those add al nbst a nore basic question, as how
do the flow patterns develop and transition within a
rod bundl e.

CHAI RVAN WALLI S: How do they measure
interfacial drag?

DR. BAJOREK: W don't neasure it
directly. | guess | think of it nore in terns of
using the increased nunber of DP cells to get at the
change in void fraction, as opposed to a direct
neasur enent, then using carryover nmeasurenents of the
steam flow, and liquid flow, com ng out of there to
deduce what should be the right interfacial drag.

DR KRESS: 1|s that between the steamand
t he broad bundl es?

DR. BAJOREK: Steam and the droplets or

the filns, which were there.
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DR. SANJOY: \Wat was done at W NFRED?

DR. BAJOREK: Those were the ACH LLES
tests. I'mtryingto renenber, or recall exactly what
was there in those tests. | don't believe they had

much in the way of steam probe neasurenents in those

tests.

| think it was nore of a traditional rod
bundle. | want to say it was on the order of 50 or 60
r ods. The rods were instrumented, there was

rel atively sparse st eampr obe neasurenent, no dropl et.
Larry, do you renenber what that is?

DR. HOCHREI TER: Larry Hochreiter, Penn
State. The WNFRED tests were, basically, a set of
refl ood experinents. It had, | think, a 69 rod
bundl e. They did have delta P cells on it, but |
don't renenber themever reduci ng that to get any void
fracti on data.

And they primarily | ooked at tenperat ures,
and the heat transfer, itself. To ny know edge there
was no droplet data, there were no steam probes in
that facility, that |I'm aware of.

So it is really their first shot at
running a reflood test. And | think what it was used
for was basically to confirm the types of heat

transfer that they would have been predicting for a

NEAL R. GROSS
COURT REPORTERS AND TRANSCRIBERS
1323 RHODE ISLAND AVE., N.W.
(202) 234-4433 WASHINGTON, D.C. 20005-3701 (202) 234-4433




10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

20

Si zewel | type plant.

| think it was really designed to give
them a basis for |ooking at other tests, and other
nodel s.

DR. SANJOY: Wy didn't they use the DP
cells to get the void fraction?

DR HOCHREI TER: | don't know.

DR BAJOREK: Larry, | think they did get
voi d fractions out of the DP cells, just for a few of
the tests.

DR. HOCHREI TER: Ckay, | just never saw

DR. SANJOY: Are the databases avail able
to us?

DR. BAJOREK: Yes, we have sone of them
it is hardto find. W do have a report, and sone of
t he experinmental data. But, again, | forget sonme of
the details of the bundle, but it wasn't a conplete
set of data.

You get the heat transfer coefficients and
the void fractions, but you don't have dropl et sizes,
you don't have carryover fractions, and if you don't
have the steam tenperature neasurenents, you really
don't have that consistent set of information.

DR. SANJOY: Do you renenber the pressure
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range?
DR. HOCHREI TER: | think it went up to 60
PSI four powers.
DR. BAJOREK: Yes, it is |ow pressure,
there is a lot of |ow pressure data with it.

DR. HOCHREI TER They also use it for

| evel swell, they alsouse it tolook at the effect of
nitrogen injection. In fact that becane the
| nt ernational Standard Probl em nunber 25, | think

DR. KRESS: The effect of the droplets, as
best as | remenber, was pretty sensitive to the size
distribution for a given anount of liquid in there.

WIIl we be able to get size distributions
out of the --

DR BAJOREK: Yes, yes.

DR KRESS: Even inside of a bundle?

DR, BAJOREK: Yes.

DR.  HOCHREI TER: Vell, | wll explain
t hat .

DR. KRESS: Line of sight.

DR. HOCHREI TER: That is right.

DR. BAJOREK: But line of sight, but you
get dropl et sizes, and al sototal carryover fractions,
which | think are really very inportant to have in

t hese tests.
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| was going to save this nore for the end,
but since a coupl e of the questions have ki nd of cone
up along this, where does it really fit in with our
pl ans for the nodel devel opment.

As | nentioned, sone of the reflood tests
are conplete at this point, and over the next couple
of years they will be noving into the interface, what
we re calling the interfacial drag tests, and these
droplet injection tests, over the next couple of
years.

Ri ght nowour plateis fairly full whenit
conmes to our ability to take all of the data that we
have fromour experimental prograns. Because of the
need for advance plans, our work right nowis trying
to take the ATLATS data, and devel op nodel s for phase
separation that we would use in TRAGM

We di d take your suggestion to heart back
inJune or July, about tryingto integrate some of the
subcool ed boiling nodels in earlier. Oiginally we
weren't going to be able to get to that, but due to
sone cl ever accounting we were able to start that work
alittle bit earlier.

And we have a student at UCLA who is
taking their nodels, put them into a stand-al one

package, which |'ve asked at this point, so that we
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can integrate this into the code.

The nechani stic nodel devel opnment --

MR. SCHROCK: What happenedtotheinterim
refl ood nodel ?

DR. BAJOREK: That is ongoing right now.
That is -- the interimreflood nodel is where we are
taking out the existing package in TRAC-M and
essentially replacing it with the package that had
been there, or very close to the one in TRAC PF1,
which is about as close to COBRA/ TF as you can get,
the way the nunerics are right now in TRAC M

MR SCHROCK: See, the trouble | have,
Steve, is that I'mconvi nced t hat when you do detail ed
experinmentation that is related to nmechanistic nodel
devel opnent, that you have to have sone i dea of what
you nean by mechani stic reflood nodels, in order to
establish what is required of the experiences, what is
to be neasured, where, how accurately, and so forth.

| don't see howyou know what t hose t hi ngs
are fromthe description that you' ve given here. So
do you learn that fromold nodels that you've had in
the code, codes, that you ve twitched, and done
different things with, to gain sonme insight?

O what do you do to get all of that down?

And how can you convey that to us?
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DR. BAJOREK: | think the right way to do

that is to step through some of the existing nodels in
t he code, show where we think there are shortcom ngs.
And, nore inportantly, point where we think they can
be i nproved, within the nunerics of the code.

I n answer to your question, have you done
that, | haven't done that with TRAC-M But in working
with code |ike COBRA/TF, you can find that changi ng
nodels for interfacial heat transfer interplay with
st eamt enper at ure, whi ch pl ays upon the dropl ets si ze,
whi ch then inpacts your heat transfer at the top of
t he rod.

MR. SCHROCK: But what does nobdel s mean,
here, inthis context; is that correlations, or is it
first principle analysis of the process, or what?

DR. BAJOREK: Il would say it s,
primarily, correlations. It is those nodels and
correlations for the various processes involved in
refl ood heat transfer. Interfacial heat transfer, the
dropl et breakout, heat transfer coefficients fromthe
rod, as a function of the regi me, and al so t he dropl et
content, transition boiling near the quench front.

And | think entrainnent, that is another
one that is very difficult to pin down.

MR.  SCHROCK: So it is nodels neaning
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correlations inaformt conpatiblew ththe structure
of TRAC and RELAP type codes?

DR. BAJOREK: Al npst. Because one reason
this has deliberately been delayed is in order to
install athird field into TRACGCM Right now we are
dealing with the code nunerics that does not all ow us
to nodel, simultaneously, droplets and liquid films.

And we want to start that work early next
year, so that we are able to have nore flexibility in
devel opi ng those nodel s.

CHAl RVANWALLI'S: Wl |, does liquidfilnms,
are liquid film neasured in the Penn State
experi ment ?

DR BAJOREK: No.

CHAI RVAN WALLI S: But if you need to
sonehow coordi nate the experiment with the nodel --
DR. BAJOREK: Not -- well --

CHAI RVAN WALLI' S:  You need to neasure the
things that are in your nodel

DR. BAJOREK: But | need to have the
droplet field so | can break it up as | go through
grids.

CHAI RVAN WALLI S: So there is also a
liquid on the wall, maybe there isn't aliquid on the

wall in that --

NEAL R. GROSS
COURT REPORTERS AND TRANSCRIBERS
1323 RHODE ISLAND AVE., N.W.
(202) 234-4433 WASHINGTON, D.C. 20005-3701 (202) 234-4433




10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

26
DR. BAJOREK: It depends on the regine.

The | ow tenperature regi mes, yes. But --

DR. RANSOM Steve, | think one thing you
j ust nmentioned, at | east in ny experience has been t he
root of the problem is thetransition boilingregine.
Never been abl e to expl ai n the precursory cool i ng t hat
t akes pl ace.

And 1'm talking about a macroscopic
ef fect, because these nodes tend to be on t he order of
half a foot to a foot. So you've got to explain the
average heat transfer behavior over that kind of
region of the fuel, in order to explain the progress,
say, of a quench front, either boiling down, or
heat i ng up.

| think boil down is easier, but the
refl ood part has al ways been harder. So | guess what
we ought to look for is how are you going to shed
light on that transition boiling regime in the
vicinity of the quench front.

And whil e |I'mtal ki ng, | guess, | woul d be
surprised if even the principal investigator woul dn't
prefer a separate effects experinment, where he could
get nore detail on what is going on, right in the
region of that quench front, rather than, say, rod

bundl e ti ne.
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DR. BAJOREK: In fact, as part of the

Thermal -Hydraulic Institute we are proposing to do a
test very much |ike that.

DR. RANSOM In this facility, or?

DR. BAJOREK: Not inthis facility, but to
use a snmal l er, separate effects facility where you can
focus on sonme of the details, and use what you | earn
there in conjunction with the rod bundle, to come up
with better nodels.

DR. RANSOM That has a better chance of
finding the answer, | woul d think.

DR. BAJOREK: | nean, in a way we are
| ooki ng at some of the details of the quench front in
much the way that the programwas structured at UCLA
for subcooled boiling, where he had small scale
experinments to take a | ook at how the bubbles form
and devel oped, versus subcooling and flow on a fl at
pl at e.

Very easy geonetry, easy to photograph,
easy to neasure, and then use a small rod bundle to
verify things. So we are thinking in terns of that.

DR SANJOY: There's been an enornous
anount of work done at that scale in tubes and sinple
geonetries. So we don't want to, we want to make sure

that this is not just repeated in some sense.
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Because even the inverted annul ar regine
t here has been nodeling at Berkley, certainly, there
has been extensive set of experinments. | would like
to know, exactly, before we launch into this, what it
is that we will learn, conpared to what it is that we
al ready know.

Because | think that the nodeling efforts
have really not taken into account a |l ot of these old
experinments, where very detail ed neasurenents were
made. | can probably give you nmy thesis on that.

MR. SCHROCK: So ny question may be, is
the past inadequacy of code predictions for this
portion of transients a consequence of the structure
of the code, or inherent |ack of experinmental basis
for the fundanental processes?

If you've not taken the data from past
experiments to |l ook at the phenonena processes that
are involved there, sufficiently, you may not have
used them adequately to know whether you need new
experinments, or whet her you can gl eamt hat i nformati on
fromthe ol d ones.

So it is unclear to ne, still, how the
notivation occurredoriginally, and what thevisionis
for a newset of experinments that are goingto fill in

t he i nadequacy of the past worKk.
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DR. BAJOREK: Let ne take that as an

action.

CHAI RMVAN WALLI S: Maybe you can think
about it. | was just going to propose that we hear
from Larry Hochreiter, and then you conme back. You
wer e asked to conme back at the end of the day, anyway,
and you can tell us what you've |earned.

| nmean, they've done these 32 tests in
reflood, what did they I earn which enlightened you,
fromthose tests?

DR. BAJOREK: Well, I will let Larry show
t he novie, and hopefully --

CHAl RVAN WALLI S: Well, that is very
qualitative, isn't it?

DR. BAJOREK: Well, that part of it.

CHAl RVAN WALLIS:  Well, | would like to
see, actually, since they nust be far enough into the
program where you could say, you know, this was the
state of the art before they did the tests, and this
is what we've |learned so far, and this is an advance
i n somnet hi ng.

DR. BAJOREK: Well, | will let Larry show
the novie. But | think one of the very eye opening
things is what are first order effects in these

experiments, versus what may not be as, you know, as

NEAL R. GROSS
COURT REPORTERS AND TRANSCRIBERS
1323 RHODE ISLAND AVE., N.W.
(202) 234-4433 WASHINGTON, D.C. 20005-3701 (202) 234-4433




10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

30

i mportant.

| think we will see the grid effects --

CHAl RVAN WALLI S: | deal | y we ought t o have
sone neasure of uncertainty before, and uncertainty
after, and how you've reduced the uncertainty by
getting nore information.

DR. MOODY: A mi nute ago the subject cane
up separate effects test, and I was |ooking at the
abstract of this. Maybe | m ssed sonething, the
report describes, so on, and so on, to conduct a
systematic separate effects test.

Wl |, that is what has been done here, is
bei ng done, right?

DR BAJOREK: Right.

DR. MOODY: These are separate effects?

DR, BAJOREK: Yes.

DR. RANSOM Di stingui shed froman entire
system but still it is a rod bundle test, which --
and you are looking at things, | think, that are
occurring locally.

So, yes, it is separate effects, andit is
a single bundle.

DR. MOODY: Wuldit be systemboundari es?

DR. BAJOREK: Large separate effects test

and smal| separate effects test.
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CHAI RVAN WALLIS: Wuld it be tine to go
on to the Penn State presentation and then you can
come back | ater?

DR, BAJOREK:  Yes.

CHAI RMVAN WALLIS: And perhaps give us a
bit nore wi sdomon what you've learned fromit all

DR. SANJOY: Before you go, Steve, just a
guestion. You said three fields. And if | recall
there was three fields in track way back, at sone
poi nt .

DR. BAJOREK: There was one version where
they did have three fields. |'mnot sure whatever
becane of that.

DR. SANJOY: | mean, | think Tony Hurt put
it in -- and Kenneth Sly. ©Oh, Ken WIIlians, okay.
What happened to that?

DR HOCHREITER: It got published as a
t hesi s.

DR SANJOY: It was never put in?

DR. BAJOREK: COBRA/TF has just the two
fields, but part of our visionis to get that third
field in there, to make it behave a lot nore I|ike
COBRA/ TF.

DR. HOCHREI TER: Larry Hochreiter, from

Penn St at e.
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The first thing | learned is don't go
second or third at an ACRS neeting. Wat | wanted to
do was to show you sonme of the results that we've
gotten to date, in the program

The comments that, | think, Dr. Schrock
made, and Dr. Wallis made, about the program the
genesis, the origin, the goals, and this type of
thing, we did present this to the cormittee, but it
has been a couple of years.

MR. BCEHNERT: Yes, you did meke a
presentation.

DR. HOCHREI TER: And | think there was, |
know t here was at | east one, maybe two presentations
that Joe Kelly and | did to the Conmttee, when we
wer e desi gni ng t he experi nent, and basi cal |y provi di ng
the rationale for why we were going to do these types
of test, and what new information we were going to
get, what information was |acking, and what
information this facility, these tests woul d provi de,
that would fill that gap.

So as | go through nmy presentation | wll
try to point out those areas, okay?

This is a joint NRC Penn State program
that is being performed at Penn State. The contract

was initiated in Novenber of '97. Agai n, at Penn
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State it is a program between the College of
Engi neering, and the Applied Research Laboratory.

The principal investigators are nyself,
Dr. Bill Cheung, and Dr. Thomas Lin. Dr. Lin works at
the Applied Research Laboratory.

Agai n, the reason for doing this through
Penn State, at the Applied Research Laboratory, is
t hey have a very good infrastructure for perform ng
experiments. They do, primarily, work for the Navy,
and this type of stuff. So they have a very good
experinmental infrastructure.

Now, i nterns of background, and of course
you have seen all this, what we are primarily
concerned about is a |loss of coolant accident, and
primarily the reflood portion of the | oss of cool ant
acci dent .

And the driving force for it was the
i mprovenent in the Best Estimate nodels. When CSAU
came about, and was used, the types of powers that
wer e being exam ned fromthe best estimate point of
view, were actually fairly | ow

In the CSAU study | think the peak
kil owatts were sonething around 9. Ri ght now pl ants
are being licensed with the best estinate met hodol ogy

with the peak kil owatts per foot sonepl ace around 15.
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So what has occurred, in the interim is
that the margin that was identified, from the best
estimate anal ysis has basically been consuned by the
utility to basically broaden the operating envel ope
for the plants.

And so you are now seeing best estimte
peak cl addi ng tenperatures that are in the sanme range
of the appendi x K cal cul ati ons that we were | ooking
at, perhaps, five years ago.

So now t he enphasi s on t he accuracy of the
best estimate nmet hod becomes nmuch nore of a critical
item because you now have a reduced anpunt of margin
because you have consuned the margin in the anal ysis.

Again, the reflood is usually the period
of interest, because this is where the peak cl addi ng
tenperature occurs. The heat transfer rates are the
lowest. | think, as Dr. Ransomi ndi cated, predicting
the precursory cooling is the key itemhere, because
this is where the peak cladding tenperature is
occurri ng.

And you have several different heat
transfer nechani sns. And | will show a figure on
that. The area that we are | ooking at, and trying to
concentrate, primarily in this program is a highly

di spersed non-equilibrium flow, where we have
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superheated steam with entrained liquid droplets,
whi ch are at the saturation tenperature.

The quench front is progressing up the
rods, but this takes tine. In the neantine the
cl addi ng tenperatures can continue to heat if you
don't predict the heat transfer rates accurately.

And so your peak claddi ng tenperatures,
even for your best estimate nodels occur during
reflood in nearly all these situations.

This is just a schematic of what we are
tal king about, for a flow regine, where we have
basi cal |y a quench front nmoving up, and typically the
cases we are | ooking at you have |owinjection flow,
or flooding rate, so there can be boiling bel ow the
guench front.

The heat rel ease fromthe rods generates
high steam velocities which basically shear and

entrain the liquid, it gets carried up in the rod

bundl e.

CHAl RVAN WALLI S: That blue stuff is
[iquid?

DR HOCHREI TER:  Yes.

CHAI RVAN WALLI S: | don't see the film
boi |'i ng.

DR. HOCHREITER  Well, | tried to stay
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withinthelines when | coloredit, andit is probably
buri ed behind these tons of |iquid here.

But you areright, inthis case, where | ow
flooding rate, there is a very, very short area of
inverted annul ar filmboiling. Infacility, you could
argue that it isreally not eveninverted annular film
boi li ng, because it depends on the void fraction that
is occurring in here.

But the point of interest is actually
further up in the rod bundl e, where you are basically
being cooled by steam wth drops. And it is the
i nteraction between the steam and the drops that is
provi di ng cool i ng.

DR.  RANSOM Are your experinents
exploring the different reflood rates?

DR HOCHREI TER:  Yes.

DR. RANSOM Are your experinents
sinmulating different reflood rates all the way from
the lowto the --

DR. HOCHREITER Yes. | will showyou a
tabl e of conditions.

DR.  KRESS: Are they also sinmulating,
right here, an initial tenperature of the rods?

DR. HOCHREI TER Yes, but we have -- there

is, obviously, a range of initial tenperatures.
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DR KRESS: Yes.

DR. HOCHREI TER. W have chosen to keep
the initial tenperatures |ower than what you m ght
find incalculations. The cal cul ated tenperatures at
the beginning of reflood can be as high as 1,600
degrees fahrenheit.

W have been started our tests at 14. W
have also -- can | defer that until | show you the
t abl e?

DR KRESS: Sure.

DR. HOCHREI TER. The dispersed flow of
filmboiling region is the region that we are trying
to focus on to get better quality data. This is one
region, the quench front is the other region.

And there are several different heat
t ransfer mechani sns t hat can occur inthis region, and
| ooki ng at the different nodel s in the conputer codes,
the codes try to predict all of this in one area or
anot her.

The problemis that some of the nodels
wi || overpredict a particul ar phenonena, other nodel s
wi || underpredict the phenonena. And so if you get
the right answer you are never really too sure of why
you got the right answer, other than you m ght have

been | ucky that day, okay?
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So as Steve had indicated, what we were
trying to do in these experinments, we will run the
refl ood heat transfer experinments, but then we wll
also do steam cooling, and drop an injection
experiments.

W are really trying to deconpose the
di sperse flowof fil mboiling, period, experinentally,
and | ook at these different effects as best as we can.

CHAI RVAN WALLI'S:  What is disperse flow
filmboiling?

DR. HOCHREI TER: It is a continuous steam
phase which is superheated with dispersed liquid
droplets, which are at the situation --

CHAI RVAN WALLIS: Wiy is it filmboiling?

DR. HOCHREITER: It is film because you
have vapor agai nst the wall.

CHAl RVAN WALLI'S:  The droplets don't hit
the wal | ?

DR. HOCHREI TER: The droplets don't hit
the wall .

DR. KRESS: That is the inportant regine,
because that i s what you have when you get cl ose, nost
of the way up to the peak clad tenperature.

DR. HOCHREI TER. Ri ght.

DR KRESS: Now, it seens to ne |li ke one
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coul d meke sone real good anal yti cal estimates of each
one of these.

DR HOCHREI TER: That is right.

DR. KRESS: And, you know, the problem!]
had with it is how many droplets do | have in there,
and what is their size.

DR HOCHREI TER: Exactly.

DR KRESS: And | nade sone cal cul ati ons
at one time, this is like 15 or 20 years ago, and |
seem to renmenber that what governed was just two
little things, the heat transfer between t he vapor and
the wall, and the heat transfer between the Iiquids
and the vapors.

And | forgot, the radiation just didn't
enter into it very much

DR HOCHREITER: It is small.

DR. KRESS: And so if | could, again,
handl e on those two things, and then basically it is
boil down to what s the droplet size and
distribution, and how much is in there, because you
coul d al nost use existing correlations for that heat
transfer between the droplets and the vapor.

And al nbst exi sting correl ati ons between
t he vapor and the wall.

DR HOCHREITER: Well, | think it is a
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little nore conplicated than that, because of things
like this.

DR. KRESS: Well, yes, what happened was,
that was -- you are right. The crux of it was that
dropl et size, and size distribution, and the amount in
t here changed every tinme you passed the grid.

DR HOCHREI TER: That is right.

DR. KRESS: And you never knew howto dea
w th that.

DR. HOCHREI TER: The test at Qakridge
clearly showed that --

DR. KRESS: Yes, and that is what | was
| ooking at, the Gakridge test.

MR. SCHROCK: But you say that the codes
try to solve this problem but then you point out that
the grid spacer is aconplication. The calculationin
t he code has axi al nodes that are probably too | arge
to deal with the detail that you are tal king about
her e.

So it is unclear what one neans when one
says that the code tries to address this |l evel of the
physics, it is not possible in an axial node that has
a lot of variation fromend of it to the other, to
deal at this kind of I|evel

So this is what | nean by identifying
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where is the difficulty, is it the structure of the
code, isit the quality and extent of the experi nent al
i nformati on?

"' m convinced that it is the latter. |
think that it is, somehow, the code and the existing
data devel oped sonewhat independently, and so they
don't nesh well, and it is hard to use the existing
data in the framework of existing codes.

So one can change the structure of the
code, one can find other experinents that mght fit
the structure of the code better than the existing
ones. But | think you have to define what your
objective is, what are you going to do in the end.

| don't think you can have a successfu
resolution of this by getting nore detailed
experimental data that are beyond the capability of
the code to properly utilize those data.

DR HOCHREI TER: Yes, but | think you
coul d use the experinmental data to tell you what the
code should do, and what |evel of detail you ni ght
have to put into the code if you want to represent the
phenonmena correctly.

MR. SCHROCK: | think you can judge that
fromthe data and the code that you al ready have.

DR. HOCHREI TER: It depends on the data,
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okay? If there were no spacer grids in these, or the
spacer grid effect was very, very snall, you probably
could survive with |arger nodes.

But what |'m going to show you today is
that you are probably going to have to go to finer
nodes. Because the spacers you have not is --

DR RANSOM Well, nost of the codes do
have a fi ne nesh rezoning in the conductors, at | east.

DR. HOCHREI TER But that is at the quench
front, primarily, following it.

DR. RANSOM Right. Andit seens |ikethe
mai n mechani smthat is mssing is the bottomone that
you have on the slide. And | think I just heard you
say that one doesn't occur.

DR. HOCHREI TER: No, | didn't say that.

DR. RANSOM That the liquid can't touch
the wal |l .

DR. HOCHREI TER: In the area where t he PCT
is occurring the liquid does not touch the wall. AS
t he tenperature drops to the point where you can have
contact, that obviously does occur.

DR. RANSOM Right, but it seened to ne
t here was sone mechanismin which there is enhanced
heat transfer near the quench front, that nust be tied

up with liquid --
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DR. HOCHREI TER: Well, | don't --

DR RANSOM -- contacting the wall.

DR. HOCHREI TER: -- disagree with you at
all, at all. In fact, one of the things that we tried

to do in the programis we have faster data sanpling
rates so we can get the quench nore accurately, when
t he rods do quench, and we have fine zones of delta P
cells so we can get an estimate of the void fraction,
when the rods are quenchi ng.

DR. KRESS: | think that is the inportant
par anmeter, you need to know how nmuch |iquid gets into
the system and that is the i nportance of that quench
front.

DR. HOCHREI TER: But the quench front,
guench front is |like a boundary condition, all right?
Because it provides the basis for the entrainnent,
which is swept to the upper elevations.

The PCT t hat you are concerned about is at
t he upper el evations. So you need to knowthe history
of the generation of the entrainment. In fact, in
di scussions with Steve, and Joe Kelly, and other
peopl e, and even when we did this at Westi nghouse, the
| argest wuncertainty in our calculations was the
entrai nnment .

Not only the amount of entrainment, and
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then what it looks like in the flow. And what we've
tried to do in these experinments is to capture that
information as accurately as we can.

W put collection systens onto the
facility to give us a rapid indication of when we get
entrai nnent, how nmuch entrai nment we get, and then we
have very fine delta P cells across the bundle to
i ndi cate what the nass storageis, inthefacility, as
a function of tinme.

And for nost of the tests we converge and
get about a five percent uncertainty in the mass and
bal ance. For a test that |asts 1,000 seconds, which
is pretty good, | think

But this is a phenonena that is nore
preval ent at the quench front, whereas just these
phenonmena are nore prevalent further up into the
bundl e.

And, as | said, if you did not have spacer
grids, you probably could get away w th coarser
nodi ng. But when you put in sonmething like this, the
changes dramatically, | thinkit is dramatic, anyways.

The flow behavior, the dispersed flow
behavior, then I think you will have to go to finer
axi al nodes as, | think, you were suggesting. W did

a bunch of noding sensitivity calculations wth

NEAL R. GROSS
COURT REPORTERS AND TRANSCRIBERS
1323 RHODE ISLAND AVE., N.W.
(202) 234-4433 WASHINGTON, D.C. 20005-3701 (202) 234-4433




10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

45
COBRA/ TF, at Penn State, when we were trying to

predict these types of tests.

Because we woul d do pretest predictions
for every test, as the cost of the rod bundle is
outrageous. And we certainly don't want to burn out
any rods. The programthat Steve shows there goes out
for another three or four years, and there is no
provisions to rebuild a rod bundle.

And this rod bundl e costs a half amllion
dollars. So we do not want to burn up any rods. So
we woul d do tests and cal cul ati ons until the cows came
honme. And this is part of the reason why we set a
[ ower initial tenperature.

But there are other reasons that make
these tests different, and |I think, give you better
i nformati on than what exists today.

Thisisthetest facility, basically. And
| have to --

DR. KRESS: Theron, he needs his nobile
m cr ophone.

DR. HOCHREI TER: If | don't nove around |
fall asleep.

MR. SCHROCK: This last picture doesn't
| ook nuch --

DR HOCHREITER: |'msorry?
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MR SCHROCK: This las picture doesn't

| ook much |ike your |low reflood rate cartoon on the
previ ous one.

DR HOCHREI TER: Well, this is a bunch of
pi pes and tanks.

MR,  SCHROCK: I"m not on this one yet.
Your mechani stic diagram and your |low reflood rate.

DR HOCHREI TER: This is a bl owp of --

CHAl RVAN WALLI'S:  Larry, don't touch the
screen.

MR. BOEHNERT: Don't mark on the screen,
only Tom can do that.

(Laughter.)

DR. HOCHREI TER.  This picture would be
occurring up in here.

MR. SCHROCK: And your focus is mainly on
that region, in your experinments?

DR. HOCHREI TER. Well, we have provided
instrunentation to focus on this region, but we've
al so provided nore detailed instrunentation to focus
on this region. W tried to cover the transient.

Not only low flooding rates, but high
fl oodi ng rates.

MR. SCHROCK: Well, I'"mrecalling sone

earlier experinments which showed, as this picture
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suggests, a sort of tongue of liquid nmoving up and
breaking off, having enough nmomentum to rise some
di stance beyond the point where it is broken off, but
it doesn't have enough force left acting on it to
carry it on up, so it falls back

And so you have |iquid being thrown ahead
and falling back, thrown ahead and falling back. It
has al ways seened to ne that that is, inevitably,
important in getting at entrainnent rates.

Is that going to be studied in these
tests?

DR. HOCHREI TER: Actually if you -- this
regi on can be between eight inches and a foot above
guench front. It is the low void fraction region
| ower void fraction region.

And what we did, in the experinent, and
you will see a picture of this, is that we have
pressure cells every three inches. So as the quench
front, and it is over about three feet, if I remenber
correctly.

So as the quench front enters that region
we will get a finer definition of the local void
fraction. W also set therodinstrunmentation up such
that within each void fraction cell range we woul d put

t her macoupl es i n the rods that woul d be approxi mately

NEAL R. GROSS
COURT REPORTERS AND TRANSCRIBERS
1323 RHODE ISLAND AVE., N.W.
(202) 234-4433 WASHINGTON, D.C. 20005-3701 (202) 234-4433




10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

48

in the center of the region of where you would be
nmeasuring the void fraction.

Because the cell is going to measure the
average void fraction, once you correct it for
pressure drop, and so forth.

MR. SCHROCK: So over sone period of tine,
as well as space?

DR. HOCHREI TER: That is correct.

MR, SCHROCK: And tine is |arge conpared
to the periods of oscillation that |'ve descri bed,

t hi nk?

DR.  HOCHREI TER: Yes, because these
experiments, | mght as well say this now, one of the
uni que things we did in these experinments was we kept
t he power constant. In nearly all the other refl ood
experinments they sinmulated a K power.

That makes it nore prototypical. Qur
objective was not to be as prototypical as those
previ ous experinments, but rather to provide us data,
better quality data, that we could use for nodel
devel opnent and assessnent.

And by keeping the power constant you
basically stretch out, particularly, the dispersed
flow film boiling period, you stretch the entire

experinment out, for that matter.
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So you get, basically, quasi-steady state
di sperse flowfilmboiling. Now, it is not perfectly
steady state because the quench front is slowy
advancing up into the bundle.

But you get a longer period of quasi-
steady state where you can nmake measur enents of vapor
tenperature, drop sizes, rod tenperatures, and with
the delta P cells in for a void fraction

In addition to the nmass that is carried
out of the facility, neasure the steamflow that is
carried out, we neasure the liquid flow that is
carried out.

DR. SANJOY: But you have a power profile,
don't you?

DR. HOCHREI TER: W have an axial power
profile, but we kept it sinple.

DR. SANJOY: But it was sort of peaked, if
| remenber?

DR. HOCHREI TER. Right, at about the ten
f oot el evation.

DR SANJOY: So, in fact, you've got
somet hi ng prototypical about that?

DR HOCHREI TER:  Yes.

DR. SANJOY: If you had kept it uniform

t hat woul d have made nore sense to --
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DR. HOCHREI TER: No, we debated that, and

it just -- we | ooked at a bunch of profiles that were
bei ng used for best estinmate analysis, and the wor st
answers you get, in the best estimte code, are for
profiles where the peak is above the md plain.

And it is sinple logic, because you are
just further fromthe quench front.

DR, SANJOY: But from the viewpoint of
what you are saying right now, which is to get data
which is for nodel building, you know, and keep the
guasi - st eady approach, and so on, that won't give you
a quasi - st eady appr oach.

DR. HOCHREI TER: Well, we do get a quasi -
st eady approach.

DR. SANJOY: Because the power is going
up, right?

DR. HOCHREI TER: The | ocal in your power
i s going up, but the tenperature response are al nost
steady with tine. | will show you sonme of the
t enper at ures.

DR. SANJOY: Well, let ne get back to the
void fraction nmeasurenents. You said you corrected
for pressure drop, and so on? How do you do that?

DR. HOCHREI TER. W do a nmmss energy, we

are doing this now, we are doi ng t he cal cul ati ons now.
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We know the exit flow rates, we measure those. W
know t he vapor tenperatures in the bundl e, so we know
t he degree of non-equilibrium

We know the rod heat flux distribution
from the thermacouples in the heater rods. W can
back cal cul ate down i nto t he bundl e the | ocal quality,
real quality. So we can calculate the |ocal steam
flow, the local liquid flow.

DR SANJOY: Equilibriumaquality?

DR. HOCHREI TER: Non-equilibrium because
we are using a nmeasured vapor tenperature. Based on
that we can estimate a frictional pressure drop for

the cells, and correct the cells.

Now, the correction will be the npst
i naccurate for the highest void fractions. The
correction will be nobre accurate for |ower void

fractions, but the effect of the correction for | ower
void fractions is less inportant, because the
el evation then is nore dom nant.

DR. SANJOY: How much is the correction?

DR. HOCHREI TER: W haven't gotten to that
point yet. W are just getting to that point now.
But in previous, |'ve done this before, in other
tests, but in a nuch, nmuch coarser scale, and it was

approximately a 10 percent effect.
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DR. SANJOY: And you have accel erati onal

pressure drops, too?

DR. HOCHREI TER  Yes, that is accounted
for. Al three pressure drop conponents.

CHAI RVAN WALLI S: Now, inthe region where
gl obes of liquid are going up and falling down agai n,
they follow F=MA, and gravity acts on them but it
doesn't create any pressure drop, the accel erati on and
decel eration of the masses of liquid is completely
bal anced, or nostly bal anced by gravity.

So the usual kind of decomposition into
gravitational and frictional doesn't work.

DR. HOCHREI TER: Let ne think about that.

CHAl RVAN WALLI'S:  If you just juggle it,
tossing balls in the air, they go round, and round,
and round, thereis no pressure drop fromthe juggling
t he balls.

DR. HOCHREI TER: | under st and what you are
sayi ng, and | went through that argunment. And sonehow
| convinced nyself that the cell would neasure this.
Now, maybe | better go back and --

CHAl RVAN WALLIS: -- acceleration terns
for the --

DR HOCHREI TER: Vell, there is an

acceleration term
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CHAl RMAN WALLI S: But it is not the

average acceleration, they go up and they cone down
agai n.

DR. HOCHREITER If it is a -- no, |loca
effects |i ke that we are, obvi ously, not going to get.
Because, first of all, the cell is going to nmeasure
t he average across the bundl e.

And we have to do, like Dr. Schrock says,
you will have to | ook at that intinme, in addition to
space.

CHAl RVAN  WALLI S: You don't have
i ndependent void fraction by neans of gammas, do you
have sone sort of a --

DR. HOCHREI TER: W tal ked about that in
t he program and because of fundi ng constraints, that
was never --

DR. SANJOY: The idea could be, at |east,
checked agai nst people who are using gamm
densi toneters and bundl es and see how accurate it is.

DR. HOCHREI TER  There was a report on
that, | think, in the FIST program

DR. SANJOY: Well, they are using it in
Costine, the densitoneters. Franz Manger has done
sonme work, so you could probably check it out, at

| east, to see whether it is accurate or not.
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W always felt it wasn't. We nade a | ot
of gamma densitoneter neasurenents with tubes around
the reflood point, one of ny students did this way
back in the '80s. And we never felt confortable with
pressure drops.

But maybe you' ve worked out howto do it,
| don't know.

DR. HOCHREI TER: Well, it depends upon t he
sensitivity of the cell. These are actually very
sensitive cells.

DR. SANJOY: Right, very small pressure
di f f erences.

MR. SCHROCK: In your report you descri be

sone conmer ci al i nstrunent ati on whi ch has out st andi ng

accuracy.
DR HOCHREI TER: For the cells?
MR SCHROCK: No, no, for a nunber of
different kinds of instrunmentation that | couldn't

tell you, off the top of ny head, w thout | ooki ng back
at the report, which one I'mthinking of.

But you give a single figure for the
accuracy of that instrunmentation, which is a
manuf acturer's claim

DR. HOCHREI TER: That is right.

MR. SCHROCK: Do you have any i ndependent

NEAL R. GROSS
COURT REPORTERS AND TRANSCRIBERS
1323 RHODE ISLAND AVE., N.W.
(202) 234-4433 WASHINGTON, D.C. 20005-3701 (202) 234-4433




10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

55

corroboration of the manufacturer's claim and do you
have a reason to believe that the uncertainty is not
a function of the scal e?

DR. HOCHREI TER: Okay, that is four
guesti ons.

MR. SCHROCK: That is okay, that is all
rel at ed.

DR. HOCHREI TER: Actually we' ve di scussed
this with the NRC To me what you get from the
manuf acturer woul d be the m ninumerror.

MR. SCHROCK: | saw that that is the way
you are referring toit, | don't understand why it is
m ni nrum but --

DR. HOCHREI TER. |I'msorry maybe it is a
maxi mum error, maxi num error. And we just went
through this for the data report where this is Ral ph
Rosal in the back, and he | ooked at the trace of the
signal fromthe instrunment through the el ectronics,
t hrough the DAS system and so forth, and you get a
nost probable error

And that is based on the manufacturing
information. So that is absolutely the absol ute best
it could ever, ever be. And that is an error, okay?
The uncertainty due to the flow of conditions, the

pressure, the pressure variation, these are usually
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much | arger.

And we have to get that information by
| ooking at the experinment, and it is larger. So when
you design the experinment you try to design the
instrumentation to mnimze Any errors or uncertainty
in the instrunmentation.

But there is an additional conponent, if
you real Iy want the answer, that you have to add on to
it, whichreflects the uncertainty in the experience.

MR, SCHROCK: Well, | guess ny comment and
guestion was notivated by a couple of things. Oneis
an i nherent distrust of manufacturer's clains for the
accuracy of instrunments that are bl ack boxes. Buy ny
instrument, plug it in, and get this accuracy of
nmeasurenent. It is not a sound engi neeri ng approach.

Secondly --

DR. HOCHREI TER  WAit a mnute, let ne
address that. To address that we calibrate.

MR, SCHROCK: Well, that is why | asked if
you have an i ndependent corroboration of that | evel of
accuracy.

The other point is that in al nost every
case, when one |looks at the accuracy of the
instrunment, the accuracy of a given reading, that

accuracy wi || depend upon whether it is at full scale,
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near full scale, half scale, a tenth scale, or
what ever.

And when one reads the report one has the
i mpressi on that you' ve not consi dered the i ssue of the
accuracy of your experinmental nmeasurenment in ternms of
where in the full scale you are operating.

DR HOCHREI TER: That is probably true.

MR. SCHROCK: W can cone back to it -- |
nmean, it is true you have not?

DR. HOCHREI TER: We consi dered t he range
that it has to cover, but | think when we did the

uncertainty assessment for estimate we did not

consider, as far as | renenber, | don't think we
considered -- | don't think we considered where we
were in the range, |I'mnot sure, it has been so | ong

since we wote that.

CHAI RVAN WALLI'S: Do we need to nove on to
your pipes and tanks?

DR HOCHREI TER: Pi pes and tanks.

DR. RANSOM May | just suggest one t hi ng?
You know, as far as this void fraction question,
measuring wth hydrostatic pressures, it can be
answered wi th your code, because it does include all
the forces that are invol ved.

DR. HOCHRElI TER: That is correct.
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DR RANSOM  And --

3

SANJOY: Not for falling back.

DR. RANSOM  Pardon?

DR. SANJOY: Not really, because what you
see in these experinents, | don't knowif you ever --

DR, RANSOM Vell, [I'm not saying
everything, but the hydrostatic pressure is affected
by the transfer of the body force on the liquid, to
t he vapor, through the interfacial drag, that is the
mechani sm that actually changes the hydrostatic
pressure al ong the tube.

DR. SANJOY: But the flowis oscillating,
remenber, in this. And it is not linear with the
vel ocity difference. So when you have a non-linearity
like that, it doesn't bal ance, exactly what G ahamwas
sayi ng.

DR. RANSOM Well, nmy main point was that
it won't answer the question on your experinent. But
if you go look at a code, you know what the void
fraction is, and you know what the void fraction is
t hat you woul d cal cul ate fromt he hydrostatic pressure
change.

CHAI RVAN WALLIS: As long as the average
is representative of what is happening.

DR. HOCHREI TER: Exactly, it would have to
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be the average, and | think it would be better to | ook
at the actual pressure drop, rather than the void
fraction, which is inferred.

DR. RANSOM \Well, you have two things.
| mean, you take the pressure drop, you calcul ate,
convert it toavoidfraction, and you can | ook at the
void fraction, which is --

DR. SANJOY: You are trying to bal ance the
code agai nst the experience, directly.

DR. RANSOM No, | mainly want to do an
experinment with the code and say, okay, how does the
real void fraction conpare with what | woul d cal cul ate
from say, a hydrostatic pressure change i n the vapor
field, and how big is that difference. That can be
done.

Wthout knowing anything about the
experience, it just tells you what kind of errors you
m ght expect.

CHAl RVAN WALLI'S: Sonetines theliquidis
running down the wall, and you actually have a
negative friction in your theory, which is --

DR. RANSOM That doesn't affect -- that
affects the hydrostatic pressure, also, because it
tends to resist the, you know, the vapor flow

DR. SANJOY: Well, the code is based on a
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nodel .

DR, RANSOM  Yes.

DR. SANJOY: The nodel actually, when you
average the equations, the way they are done, only
holds if the oscillations are not |arge conpared to
t he nean fl ow

You can show, in fact, that the nodel
br eaks down because frictionis non-Ilinear, because of
t he square. So these nean field nodels that are used
don't use for oscillatory flows very well. | nean
this is pretty well known.

DR. RANSOM Because of virtual mass
effects, and things |ike that.

DR. SANJOY: Well, not even that, it just
comes through friction, | mean, directly. It is a
non-linear term right?

CHAI RVAN WALLI S: Well, | guess we are not
going to di scuss the nodel at all, today. | think we
shoul d nove on to the experinent.

DR. SANJOY: That is why |I'm saying the
nodel may not be -- it would be nice if you took a
densitoneter and do it.

CHAl RMVAN WALLI S: He is not making a
presentation on the nodel, so | guess we have to ask

hi m about hi s experinent.
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DR. HOCHREI TER. This is the test section,

here, these are the delta P cells that are hung off
the test section. And, again, thereis a fine, fine
group of cells in this region here, to capture the
guench front effects, particularly in attenpt to
correlate heat transfer with void fraction.

The objective was to get a set of data,
better data than exists right now, because nost of the
experinments right now, these things are at |east a
foot to two feet apart. So the objectiveis to get a
better set of data where you can correlate the as-
nmeasured heat transfer, versus void fraction.

So you can come up with a relationship
bet ween heat transfer and void fraction, particularly
in the regi on above the quench front.

DR. MOODY: \Wiere on that background is
your peak?

DR HOCHREI TER: Ri ght about here.

CHAI RVAN WALLI S: But the only unusual
feature of this systemis the pressure oscillation
danpeni ng ti ne.

DR HOCHREI TER  Yes.

CHAI RVAN WALLIS: It seens to ne that in
the real reactor you have a conpliance of the system

it is not clear to nme that the pressure oscillation
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damping tank is prototypical of that conpliance,
whet her or not you get oscillations in reflood is
related to the whole system

DR. HOCHREI TER: Well, we weren't trying
to be prototypical here. Wat we wanted to be able to
do is control the pressure nore accurately,
particularly in here.

CHAl RVAN WALLI S:  Yes.

DR. HOCHREI TER: Because pressure
variations, and we found this out because -- | can't
find where the valve is. This valve could cycle,
woul d cycle, actually. And you would drive pressure
oscillations in here, this result in invalidating a
| ar ge nunber of tests, because it was |i ke an i nposed
boundary condition on the facility.

DR SANJOY: | think your point is well
taken, but in areal system in a prototypical system
you could get oscillations, as G aham pointed out,
especially in some of these new concepts where the
reflood is gravity driven.

DR. HOCHREI TER: All the reflood in every
plant is gravity driven.

DR. SANJOY: Right, so then you will get
the --

DR. HOCHREI TER: Yes, but it is the
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oscillations that cone from the downconer, because
that is where the head is, that is what is driving the
flow into the reactor.

DR. SANJOY: Right, but in a sense these
oscill ati ons depend on the details of the system and
you could get oscillations, right? And they can
affect entrai nment.

DR. HOCHREI TER: Onh, they will.

DR SANJOY: Yes.

DR. HOCHREI TER: | mean, we can sinul ate
that effect in this test.

CHAI RVAN WALLI S: Maybe you need to do
tests with different anobunts of oscillations.

DR HOCHREI TER: There have been tests
t hat have been run |like that. For instance, we ran
sone in the FLECHT AND FLECHT SEASET program W
didn't really have a ot of different oscillations.

We alsoran gravity reflood tests at both
t hose prograns. So, | nean, there is some data out
there, and you do get these surges that go into the
bundl e. And then you are dependent upon the driving
head, and the resistance downstream

CHAI RMAN WALLI'S: | think the surges tend
to hel p your quenching?

DR. HOCHREI TER They do. But then the
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flow drops out. The flowreverses and drops out, and
you are basically heating up adiabatically.

CHAI RVAN WALLI S: W don't know what
happens in a reactor.

DR. HOCHREI TER: No. | do renenber the
Long Sung Tong, that reactors don't oscillate, | do
remenber that.

Anyways, in our test facility we have an
upper plenumhere, which react as a first stage space
separator, and we have liquid collection tanks. And
t he i dea was to quickly neasure the |liquid as soon as
it got up here.

So bef ore separati on we neasure the liquid
inasmll tank first, then a |larger tank.

CHAI RVAN WALLIS: -- fromyour wite-up,
how woul d t he upper plenumwork. You have sonet hi ng
about a weir, and trying to nake sure there was no
back flow fromthe upper plenum

DR HOCHREI TER:  Yes.

CHAI RVAN WALLI S: But | couldn't see,
there was no detail in the --

DR. HOCHREI TER. Well, not onthis figure,
no.

CHAI RVAN WALLI S: -- so that geonetry,

even in your big fat report | couldn't see any detail
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of what happened up there.

DR HOCHREI TER: Thi s housi ng extends i nto
t he upper plenum So the liquid that gets separated
out here does not run back down. And then you drain
it very quickly, and you vent -- these tanks are
vented to the pl enum

This is a standard steamseparator with a
liquid collection tank, so any liquid that gets
carried out by the steamis separated and neasured
her e. This says, we tal ked about the suppression
danpi ng t ank.

So the liquidneasurenents, for theliquid
of the bundle are here, here, and here. This is the
steamfl ow, and then these pi pes are heated, and t hese
t anks are heat ed.

Al'l this systemhereis heated saturation.

CHAI RVAN WALLI'S:  How do you know how to
slice that danping tank?

DR. HOCHREI TER: We | ooked, actually, at
the ACHH LLES program and |ooked at the volune in
ACHI LLES versus the volune in the tank, and scaled it
based on that. Because the ACHI LLES had very, very
good pressure control.

CHAI RVAN WALLI' S:  The purpose is to danp

out oscillation not to --
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DR. HOCHREI TER: Real ly, the purposeisto

prevent any oscillations that conme from trying to
control the pressure to feedback under the system W
had this probl emin FLECHT SEASET, and we were trying
to cure that problem

And ACHI LLES did not have that problem
and the ACHI LLES people cane to Wstinghouse and
pi cked our brains for several days. In fact Ral ph
Rosal went over to England to go through a design
revi ew on ACHI LLES.

And the thing that the British added
which was very different, was this tank. And they
wound up with better pressure control than we had in
FLECHT SEASET.

We al so have provi sions for a boil er which
can provi de the singl e phase steaminto the facility.
We have an injection port within the housing to be
able to inject water droplets of different sizes.
We've actually run tests on injection nozzles, and
neasured the droplet sizes.

So we can run experiments now. Those
tests where you woul d have steamcom ng in here, and
you would inject water, would be nore of a steady
state, or much nore of a steady state from boiling

test.
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Because what you are doing is you are
getting rid of the quench front, okay? So in theory
you coul d run those tests for much, nmuch | onger peri od
of time, separate out the data.

And thereis other instrunmentation, within
the facility, where you can neasure nore details
wi thin the rod bundl e thensel ves. W have traversing
steam probes, which I will show you a schematic of,
and then pass one around.

And when you run a steady state test, |ike
a steam cooling test, you can traverse these steam
probes, and there is 13 of them

CHAI RVAN WALLI'S: Can you tell us what
t hey actually neasure?

DR, HOCHREI TER:  Tenperature.

CHAI RVAN WALLI S:  They neasure their own
tenperature, but howis it related to what i s going on
around then?

DR. HOCHREI TER:. Well, I'mgoing to show
you some of that.

CHAl RVAN WALLI'S:  -- they quench, so they
go down to the saturation tenperature.

DR. HOCHREI TER: And then cone back up.

CHAl RVAN WALLI S:  Cone back up. Were they

nmeasuring radiation fromthe rods?
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DR. HOCHREI TER: There is a radiation

conmponent that has to be factored in.

DR. KRESS: Now, you can run those tests
at a higher tenperature, because you don't have to
worry about the burn-up.

DR. HOCHREI TER: Wel |, you al ways have to
worry about burning up these rods.

DR. KRESS: yes, but you don't have to
worry about going into the departure from nucleate
boiling tine.

DR. HOCHREI TER: No, because you are
al ready there.

DR. KRESS: Yes. But you could run them
at higher tenperatures, | think.

DR. HOCHREI TER: Il will tell you what
[imts sone of the tenperatures, are going to be this
apparatus up in here.

DR. KRESS:. You've got limtations onthe
steam tenperature comng in there?

DR. HOCHREI TER: Ri ght.

DR, KRESS: kay.

DR HOCHREI TER: | nean, | think we went
to netallic seals, up here, for that very reason.

MR,  SCHROCK: These droplets that are

sprayed in, are sprayed into the rod bundle, how do
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you prevent themfrominpinging directly on the wall?

DR. HOCHREI TER: We've done sone
experinments where we've positioned these, and these
hol es are el ectronmechanically machi ned, so they are
very precise holes. And we inject, into the
subchannel center.

CHAl RVAN WALLI S:  Poi nti ng downstrean?

DR HOCHREI TER: Well, pointing in the
direction of the steamfl ow, okay? And so we run sone
bench type experinents on that. WII they inpact the
walls? |'mnot sure.

MR, SCHROCK: But it is not directed
towards the wall, it is not like a --

DR HOCHREI TER: No, no --

MR. SCHROCK: -- spray head, they are
opposite a lot of different directions, it is one
little jet that --

DR HOCHREI TER It is |like -- what, three
smal | hol es per subchannel, if | renmenber correctly.

MR SCHROCK: There is three snmall jet
streams axially down each --

DR. HOCHREI TER. Ri ght, subchannel. And
we can, obviously, bury that. W can reduce the
nunber of holes so you reduce the anount of liquid

fl ow.
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And these are inserted tubes that slidein
bet ween t he rods, and with the hol es poi nting upward.
And we have not run any of those tests yet. Those are
tests to be run in the future.

This is a cross section of the bundle. It
is a seven by seven. These are, basically, rods which
are holl ow tubes, these are not heated. So there is
45 heater rods, okay?

And when we | ook at the data we primarily
| ook at the inner 5 by 5. W do have i nstrunentati on,
of course, all the way around it, and also on the
housi ng.

The rods are made out of inconnel, the
housing is made out of inconnel. The thernocouple
sheaths inside the heater rods are nmade out of
i nconnel .

And the reason for this is to try to
prevent differential thermal expansion which can | ead
to bowi ng, either of the housing, or a bow ng of the
rods. Inconnel is a better high tenperature materi al
to be used, anyways.

| nsi de the bundl e we have ei ght of these
spacer grids.

CHAI RVAN WALLI S: Now, is there sonme

liquid that goes to the outer wall, and is very
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different fromthe liquid in the m ddl e?

DR. HOCHREI TER: Well, we try to m nim ze
this access flow area to prevent that. W al so heat
t he housing by radiation fromthe rods. So when you
start the tests, you start the tests full of steam
and then you basically pulse the bundle to heat the
housi ng.

And we typically get the housing
tenperature up to around 900 to 1,000 degrees
fahrenheit at the peak power |ocation.

And |I'm going to show you some housi ng
quench fronts, and some rod quench fronts.

DR MOODY: |Is this little flag on each
one of these the skin flow?

DR. HOCHREI TER: Yes, that is a simnulation
of a prototypical mxing vein grid.

West i nghouse was ki nd enough to send us
drawi ngs wi t hout di nensi ons, which that was fine. And
t hen we t ook t hose draw ngs, and we made nanuf act uri ng
drawi ngs, and we had a conpany make the grids for us.

The supports we have to use are different
than what are used in prototypical grids. Pl us we
have to | eave nore cl earances, okay? When the bundl e
is cold the rods should rattle, all right?

In other words, we don't really use the
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grids for anything nore than spacing of the rods. In
the reactor the grids are really used to support the
rods.

And the reason for this is we don't want
the rods to get bound up in the grids when it is hot.
And we don't want the rods to bow

MR,  SCHROCK: How do we cope with the
probl emt hat t he manuf acturer's spacers may, probably,
be different than the ones that you exam ne in these
experiments?

How dependent wi || your "nodel s" be on t he
specifics of these spacer geonetries?

DR HOCHREI TER: Vell, what we are
pl anning on doing is we will characterize this grid
primarily in ternms of a blockage area. Now, we may
have to go to a finer level than that, particularly
when we are | ooking at the veins.

W have to look at the fraction of the
flowthat is swept by the veins. But the cal cul ations
that | did years and years ago basically say that, you
know, the steamcan flow around things, the drops go
strai ght through.

So | think to the first order of
magni tude, the thing that is inportant is the anmount

of bl ockage area, because that is what is going to
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shatter the drops.

MR. SCHROCK: So if thereis noclear line
of sight through a grid spacer, the detail of the
geonetry no longer matters, the liquid is going to
i npact the wall ?

DR. HOCHREI TER: That is right, that is
what | think

MR SCHROCK: All right.

DR HOCHREI TER: This is the test
facility. These, again, are all the delta P cells.
One of the unique things we did in this facility,
whi ch caused us nuch agony and grief, was to use very
| arge wi ndows.

CHAl RVAN WALLI'S: Wy are those delta P
cells so enornous?

DR. HOCHREI TER: | have no idea. But |
will say that we got a good deal on this.

DR SANJOY: Are they Pizio?

DR. HOCHREI TER: No, strain gauge. |'m
| ooking at Ralph. | think it is strain gauge, the
delta P cells, they are strain gauge, aren't they?

DR ROSAL: No.

HOCHREI TER: What are they?

ROSAL: It is a diaphragm

T 3 3

HOCHREI TER Al right.
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DR. SANJOY: Because it is very sensitive,
right?

DR ROSAL: -- the gap between the sensor
and the diaphragm and they are very strong.

MR. BOEHNERT: How do they mneasure that
gap?

DR ROSAL: Your question is how do you
neasure the delta peak?

DR. SANJOY: So sensitively, yes.

DR. ROSAL: The sensor is a very large
di aphragm and both sides have a, they neasure, |
guess, the gap, the novenment of the di aphragm

DR. SANJOY: |Is that a capacitance, or
optical --

DR. ROSAL: It is like a capacitance
detector, and it is very sensitive, it is very strong.
You can overload one side, 5,000 PSI, and the
di aphragm doesn't di sturb.

DR. SANJOY: Are you also -- this is not
a flash nmount, little pressure -- or howis the --

DR. ROSAL: The taps are on the housing.

DR. SANJOY: So it goesintothe wall with
alittle tap?

DR. ROSAL: There is a cavity in the DP

cell where the two |lines conme, the high side and the
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| ow si de cone in.

CHAI RVAN WALLI S:  How do you know what is
in the lines?

DR. HOCHREI TER: You probably can't see
t hese, these are all sloped downward.

DR ROSAL: THEIlines are tubes, 2/8ths in
di anmeter, they cone fromthe wall of the housing into
the --

CHAI RVAN WALLI S:  They have to be full of
liquid to work properly?

DR. ROSAL: Yes, there is liquid.

DR. HOCHREI TER: -- in the reference | eg,
t 00.

DR ROSAL: It will maintainthereference
leg full all the tine.

DR. SANJOY: Do you purge liquid through
t henf?

DR ROSAL: Yes.

DR. SANJOY: O how do you keep themful | ?

DR ROSAL: Yes, you purge.

DR. SANJOY: Cold liquid?

DR. HOCHREI TER: Yes. And the stand-off
keeps them col d.

DR,  ROSAL: They are away from the

housing, so that the reference leg is at room
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tenperature all the tine.

DR. SANJOY: And does this liquidactually
get into the test section?

DR. HOCHREI TER: You nean the liquid in
her e?

DR.  SANJOY: Yes, what happens to the
liquid in the |ines?

DR. HOCHREI TER: Well, you start off with
these as full as you can get them okay? But they are
sl oped towards the cell.

DR. ROSAL: There is a slope and the
dianeter is large enough so we don't capture gas
bubbles in it.

DR. HOCHREI TER: But what you are trying
to do, you are trying to always nmke sure the
reference leg on the cell stays filled.

DR. SANJOY: Well, each of the taps have
to stay filled too, right?

DR HOCHREI TER:  No.

DR. SANJOY: They don't?

DR HOCHREI TER:  No.

DR. SANJOY: Because they are horizontal ?

DR. HOCHREI TER: Yes. Slight sl ope.

DR. SANJOY: And the hole itself is it

very carefully deburred, or --
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DR, HOCHREI TER®  Yes.

3

SANJOY: And you've checked it all?

DR HOCHREI TER:  Yes.

DR. MOODY: What was the dianeter, Larry,
did you say?

DR. HOCHREI TER: The tubing is 3/8ths of
an inch.

CHAl RVAN WALLI'S:  How big is the hole?

DR. ROSAL: One-eighth of an inch. From
experience we determned that for two phase flow --

CHAI RVAN WALLI'S:  So a bubble in the hole
have - -

DR ROSAL: For a two phase fl ow you have
to have a larger tap than for a single phase flow.

CHAI RVAN WALLI S:  Yes, otherw se you can
get a bubble in the hole, or a drop on the hole.

DR. ROSAL: And it stays there.

DR. HOCHREI TER: As | said, one of the big
things that is different inthis facility is the size
of these windows. These wi ndows are al nost a foot.
And we positioned the windows to be able to view
spacer grids.

We al so heat the w ndows, just |ike we
heat the housing. In fact, are clamon radiant

heaters, we use to heat the wi ndows. And then we can
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phot ogr aph t hrough here, we al so use a di gital camera,
| aser illum nated digital canera system

CHAl RMVAN WALLI S: You try to keep the
wi ndows dry, then?

DR. HOCHREI TER: Yes, until the quench
front on the rods basically approaches, and then it
basi cal | y overwhel ns.

CHAI RVAN WALLI S:  So dropl ets that cone up
t here evaporate when they hit the w ndow?

DR. HOCHREI TER. Wl |, they probably don't
even hit the wi ndow because the wi ndow is so high.

DR. KRESS: Now, you take photographs of
t he wi ndows?

DR. HOCHREI TER: Yes, |'m going to show
you sone of the results of the data, and we wi Il | ook
at a filmclip.

These are traversing steam probes, okay?

DR. KRESS: To get the steamtenperature?

DR, HOCHREI TER: To get the vapor
t emper at ure.

DR. MOODY: \What wi ndow material do you
use?

DR HOCHREI TER: Quart z.

DR. MOODY: Quartz. You are not etching

your quartz yet?
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DR. HOCHREI TER: No, it cracks first.

DR. MOODY: W had an awful | ot of quartz
in our |ab.

DR. SANJOY: We went to sapphire.

DR HOCHREI TER: We've had a lot of
problems with the w ndows, because just a snall
di stortion inthe bundle, in the housing, and you have
to use a high tenperature seal.

These seals were |ike 800 dollars each.
And t hen when you ti ghten down, because you have such
a |l arge wi ndow, any distortion that you are trying to
conpensate for, with the seal, you wi nd up cracking
t he edge of the w ndows.

So, again, we lost tinme because we were
forever taking w ndows out, replacing w ndows,
repl acing seals, and so forth. And it really becane
a probl em

This i s what these traversi ng st eampr obes
| ook I'ike. W have three 15 m | thernmacoupl es which
are, basically, held onto a piece of inconnel shim
stock, and that is what is being routed around.

These can nobve in and out between the
subchannel s. For the majority of the tests these
probes were positioned at the center of subchannel s.

But 1'm going to show you data for a probe being at
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t he center of a subchannel, and for a probe being at
a gap between two rods.

These, because they are so small, and
agai n these tests are sort of quasi-steady state, you
will measure the vapor tenperature, the non-
equi li briumvapor tenperature for a nuch, rmuch | onger
time period, than we ever achieved in FLECHT, or
FLECHT SEASET, okay?

The quench front can alnost be within a
foot or less before these things wll totally
conpletely wet. Noticetotally, conpletely wet. You
will get dips down to the saturation tenperature.

And at | east | have an interpretation of
what you should use for the steam tenperature.

DR. RANSOM And what is time constant for
t hose?

DR. HOCHREI TER 15 mi| TCs, | don't know,
| don't remenber. Short.

CHAI RMVAN WALLI S: So you correct for
radi ati on, you cal cul ate the radi ati on heat flux, and
you have a correction for the --

DR HOCHREI TER  Yes. Now, we haven't
done it in these thermacouples, these specific
t her macoupl es. W did those types of cal cul ati ons on

other bare thermacouples we wused, in previous
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experiments, and on the aspirating thermacoupl es we
are using FLECHT SEASET.

And the tenperature levels for the rods
are actually relatively low here. So the radiation
effects, | think, are going to be small. Because t hey
were small, at much higher tenperature |evels, for
previ ous experinments.

DR. RANSOM There nust be an error in
your report. You say here it is .813 mllineters,
t hose are much smaller than that, | believe.

DR. SANJOY: He says .15 inches.

DR.  RANSOM Vell, it is witten here
. 813.

DR HOCHREI TER. Wl |, we probably screwed
up.

DR. SANJOY: Because there are two or
three different thermacoupl es.

DR. HOCHREI TER: Onh, that is correct, I'm
sorry. Vic, there are different thermacoupl es. There
i s another set of thermacouples, and | don't have a
figure for those.

DR. RANSOM It says the vapor or steam

temperature will be nmeasured using mniature
t her macoupl es having a di ameter of 1.813 m|lineters.
DR. HOCHREI TER: | think those refer to
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t he thermacouples which we attached to the spacer
grid.

DR. RANSOM Yes, it says they are
attached to the spacers, and to the traversing steam
probe rates all having a dianeter of .381.

DR. HOCHREI TER: We put additional vapor
t emper ature neasurenents attached to these spacers,
and had them poi nt down, brought the instrunentation
out across the spacer, over to the pins that were in
t he corner of the bundl e, down t hose pins, and out the
bundl e.

W also had tenperatures which were,
t her macoupl es which were brazed into the nmetal of the
spacer. And those were routed across the spacer, back
over to the pins that were on the outside of the
bundl e, and brought out of the bundle.

So we can neasure the spacer tenperature,
the vapor tenperature. O course we had rod
t enperatures neasurenents. | don't have a figure to
show t hi s, but what we did, when we set up the heater
rod i nstrumentation, and maybe | shoul d go back to --

DR.  RANSOM The heater rods have
t her macoupl es on the inside of the --

DR. HOCHREI TER: Yes, on the i nside of the

cl addi ng.
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We know there is going to be a heat
transfer enhancenent downstream of the spacers,
because the Cakridge data show that. Actually we
di dn't have any data of our own that showed that. But
primarily | ooking at the Cakridge data | can't think
if there is another set of data we | ooked at.

And | had developed a real sinple
exponential decay multiplier that you apply to a
convective heat transfer coefficient, based on single
phase dat a.

We use that prediction to basically pick
t he positions for the thermacoupl es downstreamof the
spacer, okay? And we would | ook at these inner five
rods, and choose different rods, and symetri cal
positions, where we could basically neasure the
detail ed tenperatures downstream of the spacers.

We al so set up the traversing tenperature,
vapor tenperature neasurenents to neasure the
tenperature of the vapor, downstreamof the spacers.
And we woul d have two or three of these between spacer
grids.

So we can get an idea of what the vapor
tenperature behavior was. Then we had vapor
t enper at ure probes sticking off the grid, pointingin

the upstream direction to neasure the vapor
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tenmperature comng into the spacer grid.

So we had a lot of instrunmentation,
detailed instrunmentation, in and around t he spacers,
because the feeling was that the spacer grids have a
first order effect on the disperse flow of film
boiling, because they are going to change the drop
Si zes.

They are going to change the amount of
mxing that is in the flow Now, you can't figure
that all out fromone reflood test. So that is why in
the program we were going to run the steam cooling
test, only, and | ook at the convective heat transfer
behavior, particularly with these spacers, then do
droplet injection, and |ook at what happens to the
st eam cool i ng behavi or when you inject droplets with
t hese spacers.

DR KRESS: Larry, when | was | ooking at
t he Oakridge data that effect was in there, that you
said. And | couldn't decide, at first, whether this
was an enhanced turbul ence, entrance reeds in effect,
or the effect of droplets getting broken up.

And | started using a Wbber nunber
criteria to get the droplet size.

DR. HOCHREI TER: Ri ght.

DR. KRESS: And what | had troubl e was,
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once | broke it up with the Webber nunber, they were
al ways that size. And | didn't get any enhancenent
goi ng through subsequent ones.

So | had to build into the nodel, an
aggl oner ati on nodel of sonme sort, to nake the dropl ets
get bigger again so | could re-break themup. And so
| had trouble. | finally concluded this was nore a
breakup of the profile, velocity profile, into
entrance reason effect, is what | finally concl uded.

But | don't know of --

DR. HOCHREI TER: Wel |, that is exactly why
we want to do this experinmentally, but separate these

effects out. So we will run steamcooling tests only,

and get that effect. Then we will introduce drops,
and we will |ook at what the change is in the steam
cool i ng.

Because | think there are other effects,
in addition to drop breakup. Steve alluded to this
earlier. The drops seemto do sonething irregardl es
of the grids, to enhance convecti on.

CHAI RVAN WALLI S: Don't you get bigger
drops after the grid because you have a filmon the
grid, which gets re-entrai ned agai n?

DR. HOCHREI TER: That is not what our

measur ement s show.
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CHAl RVAN WALLI'S:  You don't get that?

DR. HOCHREI TER: No, it showed just the
opposi te.

CHAI RVAN WALLI'S:  You think the grid is
dry, then?

DR. HOCHREI TER: No, npst of the tests the
grids are wet, because we neasure it.

CHAI RVAN WALLI S: Usual |y drops whi ch cone
off a filmare bigger than the ones in the flow.

DR HOCHREI TER: I know. So 1.9 tines
what ever .

DR. KRESS: The trouble with trying to
i nvoke sone aggl omeration of droplets to nmake them
bigger, is that there were too few of themin there,
if | used any ordinary aggl oneration type of -- they
didn't see each other.

DR.  HOCHREI TER: It is a very sparse
popul ati on.

CHAI RMVAN WALLI S: But, Tom your nodel was
based on your i magi nation?

DR. KRESS: Yes, | was |ooking at the
Cakri dge data and tryi ng to i magi ne what was goi ng on.
That is exactly right.

CHAI RMAN WALLI S: He is going to have

reality checks.
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MR. SCHROCK: Larry, I'dlike to cone back

with ny earlier question about the grid spacer and
whet her your grid spacer is going to provide
information that wll be applicable to actua
reactors.

After | |looked at it, then | have doubts.
| mean, you are convinced that the grid spacer has a
first order effect on the rod bundl e heat transfer
downst r eam because it di ctates drop si ze
di stri bution.

DR. HOCHREI TER:  And turbul ent m xing.

MR,  SCHROCK: Okay, and what ever el se.
But when | |ook through this thing, there is very
little of the cross section that is obstructed by
t hose m xing veins, very little.

DR. HOCHREI TER Do you know what is
m sl eading, the rods aren't in here.

MR. SCHROCK: | know, but the m xers don't
go all around.

DR. HOCHREI TER: No, they don't.

MR. SCHROCK: So you' ve got portion of the
circunference has an areathat is -- and dropl ets that
hit that are entrained, and then re-entrained.

DR HOCHREI TER: O shattered.

MR SCHROCK: And then the rest of it --
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were shattered? | don't know

DR HOCHREI TER: Were shattered.

MR. SCHROCK: Well, they are hitting at an
angl e, and | don't knowwhat the velocity is, they are
pretty small drops to shatter, | think.

DR. HOCHREI TER: Well, let nme just -- you
may be correct, but that is what we have to find out.

MR. SCHROCK: Well, but what |' mconcerned
withiswll it then eventually be necessary for every
vendor to do detailed tests on his grid spacer to
establish correl ati ons, or nodel s, or sonethi ng, that
are in the vendor's code, to deal with this part of
the refl ood heat transfer?

DR. KRESS: | was under the i npression you
could probably do it just with the area change.

DR HOCHREI TER: Well, that is the first
approach. But your point is very well taken, okay?
And the real question, | think, that NRR or Research
woul d be asking a vendor is show nme why your grid, or
t he performance of your grid is captured by what we
have tested. |[|f you cannot show that, for whatever
reason you cannot show that, then you go run a test.

MR,  SCHROCK: But in giving them a
requi renment they mght --

DR HOCHREI TER. Only for --
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MR. SCHROCK: -- feel oninsecure grounds,

unl ess they had hard evidence that, yes, indeed the
geonetry of the grid spacer is inportant, and has
first order of influence on the results.

DR. HOCHREI TER: They know that that is
the case. The vendors know that that is the case.
That is why you do DNB testing.

The power capability of the fuel assenbly,
these days, is tied up in the design of the spacers.

CHAl RVAN WALLI S: Does that nean that
every vendor has to duplicate your tests with their
own spacers?

DR. HOCHREI TER: |If they want nore margin
t han what we woul d show.

CHAI RVAN WALLIS: O less. | nean, how
woul d we know whet her they get nore or |ess?

DR. HOCHREI TER. Well, they have to --
woul d think that you would require themto nmake an
argunent that whatever grid they put in is bounded by
what ever is tested.

CHAI RVAN WALLI'S:  Then it is nmuch better
to have a test than an argunent for something as
conplicated as that grid.

DR HOCHREI TER: Sure, we can run nore

tests.
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CHAI RVAN WALLI' S:  Maybe you set yourself

up to do a lot of tests now.

DR. HOCHREI TER Wel |, that was one of the
things that we tal ked about in the program when we
first established the program Because one of the
t hings that you could is you could test to extrenes.

This could represent one extrene, and
sinple grids, l|ike what you have in FLECHT, would
represent the other extrene. And if you can devel op
a nodel that will predict both sets of those tests,
nost of the grids are going to fall, should fall in
bet ween, or be closer to this.

DR. SANJOY: What effect di d FLECHT show?

DR. HOCHREI TER: Very little, if any. And
| will showyou a plot of that. Again, that is one of
the things, one of the new things that cane out of
this program now, we weren't |ooking for it.

CHAI RVAN WALLI S: Now, | think it woul d be
good -- have you finished your description of this?
Then we will have a break, and then you can give us
results after the break. Wuld that be appropriate?

DR. HOCHREI TER: That woul d be fine. One
of the other pieces of instrunmentati on we haveisthis
laser illumnated digital canera system which we

phot ograph through a scattering sheet, through the
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wi ndows, into the subchannel.

Now, the -- we've calibrated this thing,
actually, on a mlling machine, so we know exactly
what the focal region is. But you are shooting

bet ween the rods.

CHAI RVAN WALLI'S:  So you only have a very
short depth of focus in that? The rest of the
droplets are out of focus, is that what it is?

DR. HOCHREI TER: The other droplets are
out of focus because you focus it into the center of
t he bundl e.

MR. SCHROCK: In the shadow, or out of
focus?

DR. HOCHREI TER: Both, actually. Sone of
t hem are shadow, some of themare out of focus. And
there is a software package that cones with this
system And you describe in the software package the
boundary that you are | ooking at.

VWhat we don't see, and what we exclude
fromour sanpling, are drops which are hidden by the
rods. So you woul d not count this drop, you woul d not
count this drop, you won't even see this drop. You
will count these drops.

CHAl RVAN WALLI S: But it takes a very

small mass fraction of drops, or let's say, void

NEAL R. GROSS
COURT REPORTERS AND TRANSCRIBERS
1323 RHODE ISLAND AVE., N.W.
(202) 234-4433 WASHINGTON, D.C. 20005-3701 (202) 234-4433




10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

92

fraction, liquid fraction before you just have a fog,
and thereis no direct |ine of sight between the | aser
and the canera, at all

DR. HOCHREI TER: You don't have that nmany
dr ops.

CHAI RMVAN WALLI S:  You nust have very, very
few drops, then?

DR. HOCHREI TER:  You do.

CHAl RMVAN WALLI S: Then there i s no way you
are going to measure your liquid fraction very
accurately with delta P cells.

DR, HOCHREITER | said that. Yes, you
won't. Delta Pcells are going to be nobst accurate at
t he quench front.

CHAI RMAN WALLI S: Ckay. So you are
interested in those few drops that nmake it way ahead
of all the others, and may do sone cooling way
downst r eanf

DR. HOCHREI TER: Well, you know, let ne
show you the stuff first.

CHAl RVAN WALLI S:  Ckay.

DR HOCHREI TER: We can tal k about the
matrix for a mnute. W didrun tests over this range
of conditions. This was not successful, this

over heated, and we had to term nate the test.
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But the pressure -- we primarily were
concentrating on flooding rates around one inch a
second, plus a whole series of tests at six inches a
second, a fewtests at eight inches a second.

The six inches a second test were
basically to |l ook at inverted annulus from boiling.
This is where the delta P cells would be the npst
accurate, because you have the npbst mass in the
bundl e.

And then look at dispersed flow film
boiling, where the flooding rates are one inch a
second. W | ooked over this pressure range, a w de
range of subcoolings.

Qur t enper at ur es, our initial
tenperatures, nost of the tests were run at 1,400
degrees fahrenheit, and the power, nost of the tests
wererun with .4 kilowatts per foot, and t he power was
hel d constant.

And, again, this was to, basically,
stretch the transient out in time, and give you nore
of a quasi state of --

MR,  SCHROCK: That seens very |ow
Earlier you were tal king about eight kilowatts per
f oot .

DR. HOCHREI TER: That is the total power
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of the rod.

CHAl RVAN WALLI S: Way don't you use
i nternational units?

DR. HOCHREI TER: Because this is Amrerica

DR. BAJOREK: Larry, | think you said
originally that the initial steady state power is
15/ 16 kilowatt per foot.

DR. HOCHREI TER: For the plant, that was
for the plant.

DR BAJOREK: For the plant. What this
is, this is at decay power.

DR. HOCHREI TER: Ckay, thank you. [|'ve
al ready ki nd of said this already, that the grids have
a significant effect. Maybe before we get into the
data we could ook at this film

CHAl RVAN WALLI'S:  Well, you said this is
Anerica, but nost students, our students are all told
international units. They get very irritated when
t hey see things like inches and they don't know what
to do with them

DR. HOCHREI TER: Yes, | know, |I' mteaching
an under graduat e course i n reactor engi neering, and |
make them use english units, they hate it.

CHAl RMAN WALLI'S:  These are in American

thermal units, are they?
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DR. HOCHREI TER: Well, they are British.

This is a spacer grid.

CHAl RVAN WALLI'S:  This is a novie, now?

DR HOCHREI TER: This is a novie.

CHAI RVAN WALLI S: Maybe we need the i ghts
down.

DR. HOCHREI TER: This is being heated up
adi abatically, sothisis red, thisis red, and this
is pretty poor.

CHAI RVAN WALLI S: It is going to get
redder, is it?

DR. HOCHREITER: It is pretty red right
NOW.

CHAI RVAN WALLI S: Wy are they so wi ggly,
t hose rods?

DR. HOCHREI TER: Wiy are they so wi ggly?
| think it is nore because the canera is --

CHAI RVAN  WALLI S: They don't | ook
strai ght, they've got bul ges, and w ggles, and --

DR HOCHREI TER: | think the canera is at
an angl e here.

CHAI RVAN WALLIS: Is it the heat flux, is
it some thermal boundary |ayer distortion?

DR HOCHREI TER No, | think it is a

camera. What you are seeing is reflood has started.
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This is still hot below the grid, this is dark. So
there is good cooling dowmstream on the grids.
CHAI RVAN WALLIS: It i s not obvious to ne.
DR.  RANSOM s that just steam going
t hr ough there?
DR. HOCHREI TER Steam and it is hard to
see with this film but drops are going through.
CHAI RMVAN WALLIS: The rods | ook bigger
downstream than upstream And they don't --

DR. HOCHREI TER: That was really tricky to

CHAI RVAN  WALLI S: They don't | ook
conti nuous.

DR. HOCHREI TER: Well, they are.

CHAI RVAN WALLI S: They have ajog inthem
Those are the rods, those things, those shiny things
are the rods downstrean?

DR. HOCHREI TER Yes, these arethe -- the
shi ny hot things.

CHAI RVAN WALLIS: Wiy is it so dark in
bet ween t hen?

DR. HOCHREI TER: This is the spacer grid.

CHAI RVAN WALLI S: No, no, between the
shiny rods downstream

DR. HOCHREI TER: Wiy is it so dark in
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here? Because it is cooler. |If you cone up here you
can see drops zipping past her.

MR. SCHROCK: Yes, | can see that from
here, even. But what is the background there, what is
hot behind the | ower portion?

DR. HOCHREI TER. More rods.

MR SCHROCK: Now, is there a netal back
behind there that is glow ng red?

DR HOCHREI TER | don't quite understand.

MR. SCHROCK: Well, the back wall of the
channel is what?

DR. HOCHREI TER: Well, the back wall of
t he channel is going to be seven rows away.

DR. RANSOM So you are |ooking at an
angl e.

MR SCHROCK: In spite of that, you are
| ooking at a clear shot through there, and it --

DR. HOCHREITER: No, it is not a clear
shot, because you are | ooki ng at somewhat of an angl e,
because ot herw se you would see all the way through
t hese rods.

MR, SCHROCK: You are not seeing all the
way t hrough.

CHAI RVAN WALLI S: So there i s a whol e host

of droplets in between those rods down bel ow?
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DR. HOCHREI TER: There are drops and st eam

that are comi ng up through here.

CHAl RVAN WALLI'S:  Then they all go dark
downst r eam

DR. HOCHREI TER So you can see much nore
of the effect up here.

CHAI RVAN WALLI S: Wy do they go dark
downst r eanf

DR. HOCHREI TER: Because of the cooling.

DR.  RANSOM Does that look like the
entrai nnent on that spacer grid? | can see sonething
fluctuating off of it.

DR HOCHREI TER: Ri ght here?

DR RANSOM  Yes.

DR. HOCHREI TER:  Probably.

CHAI RMAN WALLI S: What does cool i ng have
to do with the color of the droplets?

DR. HOCHREITER: It is not the droplets,
it is the rods. Gaham these are rods.

CHAI RMAN WALLI'S:  Those shiny things are
rods?

DR HOCHREI TER:  Yes.

CHAI RVAN WALLI S: But the dark spaces in
bet ween are dropl ets.

DR. HOCHRElI TER: No, it coul d be nore rods
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behi nd here, which are also dark and cool ed.

CHAI RVAN WALLIS:  Oh, | thought you were
| ooking right through the rods.

DR. HOCHREI TER: No. This is at a slight
angl e.

MR, SCHROCK: In the bottom picture you
can al nost see the outline of the edge of the next row
of rods?

DR. HOCHREI TER: Right. Bottomline is,
hot, col d.

CHAI RVAN  WALLI S: I guess t he
t her macoupl es show t hat ?

DR HOCHREI TER:  Yes.

CHAl RVAN WALLI'S:  Now, there seens to be
sone pul sati ons goi ng on.

DR.  HOCHREI TER: It is not perfectly
st eady.

CHAl RVAN WALLIS: It |looks like a |ot of
pul sati ons now have devel oped.

DR SANJOY: The quench front s
appr oachi ng?

DR. HOCHREI TER: Quench front i s about ten
feet away.

CHAl RVAN WALLI S: The quench front i s down

bel ow somewher e?
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DR, HOCHREI TER®  Yes.

CHAI RVAN WALLIS: Are we going to see it?

DR HOCHREI TER: | don't think.

DR. SANJOY: You can see it, but it takes
a long tine.

DR HOCHREI TER |If we want to go off for
cof fee and cone back

CHAI RVAN WALLI'S:  Now, do those rods go
red again before the next spacer grid?

DR. HOCHREI TER | actually don't really
know because t he tenperature goes back, so | think it
does.

DR. KRESS: They do in the Cakridge test,
t hey get hot again at the top.

CHAl RMVAN WALLI S: Now, what are those
shiny white bubbly things that are above the grid?

DR. HOCHREI TER: These are probably the
veins, and you are probably seeing the |iquid.

CHAl RVAN WALLI'S:  Those are veins.

DR. HOCHREI TER: | woul d say the velocity
in the bundle is sone place between and 60 feet a
second.

DR. MOODY: You are injecting a spray?

DR. HOCHREI TER: No, this is a refl ood of

i nch a second.
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DR.  MOODY: Because of the quench, all

right, that is sending the droplets up in the vapor,
t hen.

DR. HOCHREI TER: Yes, it is easier to see
them here than it is here.

MR. SCHROCK: How far is the quench front
bel ow t hi s?

DR. HOCHREI TER: | can't answer that, |
woul d have to go back and --

MR. SCHROCK: Is it along way, or short?

DR. HOCHREI TER: | think so, yes.

MR, SCHROCK: Long ways.

DR. HOCHREI TER: Al t hough you are starting
to see this cool down now.

CHAI RVAN WALLI S: Wiy didn't that get
cool ed before? Because when the quench front was
bel ow that, it was above a spacer.

DR HOCHREITER: |'msorry?

CHAl RMVAN WALLIS: | nean, it just seens
funny that you have so nuch cool ed so well up above.

DR. HOCHREI TER: That is because the
spacer grid is mxing up this --

CHAI RMVAN WALLIS: Wiy isn't --

DR. HOCHREI TER: -- shattering drops --

CHAIl RVAN WALLIS: -- the red part cool ed
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by the spacer which is belowit?

DR HOCHREI TER Because there i s anot her
two feet before the next spacer.

CHAI RVAN WALLIS: Oh, it is a |ong way.

DR HOCHREI TER: Thereis like 40 to 45 --

DR SANJOY: \Where is the --

DR HOCHREI TER: -- spacers.

DR. SANJOY: -- flux peak?

DR HOCHREI TER  Ral ph, do you renenber
whi ch el evation this was?

DR ROSAL: It is 105, that grid is 110.

DR. HOCHREI TER: So the flux peaks right
about here.

DR. ROSAL: Elevation for the power, it is
bel ow the grid.

DR, HOCHREI TER: Now everything 1is
starting to get cool. So the quench front is noving
up.

MR.  SCHROCK: Now, why do they | ook
different in the two zones?

DR.  HOCHREI TER: Wiy do they |ook
different?

MR, SCHROCK: Why are the rods shiny on
top and not --

DR. ROSAL: Because of the light that is
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shining on the w ndow.

CHAI RVAN WALLI S:  Ckay, so you can change
what you see by how you illumnate it.

MR, SCHROCK: Are they glowing red, is
t hat --

DR. HOCHREI TER: At the begi nning of the
test they were glow ng red.

MR, SCHROCK: When the test is first
initiated, and that top zone is all glow ng red, then
if you can viewthe whole | ength of it, do you see the
precursory cooling affecting the |ower part of it
first, and then propagating up into the upper part of
it?

DR HOCHREI TER: It is really not
affecting this very nmuch at all.

MR. SCHROCK: No, I'mtalking about this
upper zone now. What you showed us, you began with it
already cool there. But if | could see the top of
t hat ?

DR. HOCHREI TER: It woul d probably be red.

MR SCHROCK: Still glow ng red?

DR HOCHREI TER:  Yes.

MR, SCHROCK: So your nodel is going to
have to take that kind of thing into account.

CHAI RVAN WALLI' S: That thing which is up,
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there is a light just above your head there?

DR. HOCHREI TER: You are starting to --
this is starting to get liquid on the --

CHAI RMVAN WALLIS: The thing above your
head, there, is a light, that is why it is white
above?

DR. HOCHREI TER: You nean right in here?

See, you are starting to get liquid up, now. Aot of

[iquid.

CHAI RVAN WALLI S:  Sonet hi ng i s bounci ng up
and down.

DR. HOCHREI TER: W may have already
guenched this down here. It is hard to see where the

guench front is.

DR MOODY: That is real tine?

DR. HOCHREI TER: Actually 1 think that
this is faster than real tine.

DR. SANJOY: That is oscillatory behavi or.

CHAl RVAN WALLI S: Yes, it does ook
oscillatory.

DR. HOCHREI TER: This is typical behavi or
for a reflood test.

CHAl RVAN WALLI S: It doesn't | ook very
anal yzable to ne.

DR. HOCHREI TER: Well, it is tinme average,
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your calculation is going to be averaging this over

time. It mght be six nonths, a year.
But the -- if you induce system
oscillations they are much nore pronounced. | nean,

they are huge oscillations that go up through the
entire bundl e.

CHAI RVAN WALLI S: There are, even in your
tests?

DR. HOCHREI TER: When we had poor pressure
control, yes.

CHAI RVAN WALLI S: But not in the Penn
State tests?

DR HOCHREI TER: No, in the Penn State
tests when we had poor pressure control you coul d get
| arge surges inthe oscillations, and you woul d see it
on the data. You would see it in the thermacouples --

CHAl RVAN WALLI'S:  Which happens in the
reactor, do you get these |arge surges, or not?

DR. HOCHREI TER Agai n, according to Long
Sung Tong, reactors don't oscillate.

MR, SCHROCK: Larry why is it heating up
above the spacer grid? The spacer grid at that point
in the transient doesn't seem to be effective in
i nduci ng any cool i ng.

DR. HOCHREI TER: Ri ght now, you nean?
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MR. SCHROCK: Yes, it is hotter up there

than it is down bel ow

DR. HOCHREI TER: | think you are seeing
t he shine.

DR. BAJOREK: Larry, right above, if you
rai se your |eft hand, higher, higher, over to that,
right there, that is the light, that is the trouble
l'i ght.

MR. SCHROCK: Well, do they keep noving
the |ight around?

DR. BAJOREK: No, it was the sane pl ace.

MR,  SCHROCK: It was bright down bel ow
when you started out.

DR BAJCOREK: That was the rods. I t
| ooked |ike the electric burners on a stove.

DR. HOCHREI TER Wiy don't we stop and
back this, rewind this thing? There is a conbination
of things going on, light and --

CHAl RVAN WALLI S: W will take a break
after this novie, if that is okay with you.

MR. SCHROCK: They really did | ook |ike
they were distorted when they were red hot. What do
you do to prevent axial conpression when they heat?

DR HOCHREI TER: Axi al conpression?

DR. KRESS: They are only tied at one end,
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|t hink.

DR. HOCHREI TER: They are supported at the
top, and they go through the bottom The rods are
supported at the top, they screw into a top plate.
And there are o-ring seals at the bottom so the rods
grow downward in a thermal expansion.

MR, SCHROCK: But they connect to sone
rigid piping somewhere, so --

DR HOCHREI TER: They go into a nolten
pool , which provides, basically, the ground to return
current pool.

SCHROCK: SO they just hang there?
HOCHREI TER:  Yes.

SANJOY: What is the nolten netal ?

T 335

HOCHREI TER:  Lead.

CHAI RMVAN WALLI'S: This is howyou get the
el ectrical contact?

DR. HOCHREI TER: Take it al nost ri ght back
to the begi nning.

CHAI RVAN  WALLI S: W can watch it
backwar ds.

DR. MOODY: Larry, that far left strip, is
that the other side of the --

(Everyone speaks at the sane tine.)

DR. MOODY: It |ooks |ike a wi ndow on the
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very left strip, there.

DR HOCHREI TER: Here?

DR. MOCDY: No, now nove over -- yes, up
and down there.

DR. HOCHREI TER: | think this would just
be the alum num insulation, the alum num coating
around the --

DR. MOODY: Wien we saw that activity in
t he ot her, water and so forth, you coul d see sonet hi ng
in that section too. | just wondered --

DR HOCHREI TER:  Here?

DR MOODY: Yes.

DR. HOCHREI TER: | hope not. That mneans
t he wi ndow was | eaki ng.

DR. MOODY: Well, it looked like I ooking
t hrough a wi ndow. Is it angl ed such that we are seeing
sone of the same activity in that strip?

DR. HOCHREI TER: Well, | hope not. Well,
if the window | eaks, this is hot --

CHAI RVAN WALLI'S: So you want to run it
again, or something? Wat do you want to do, Larry?

DR. HOCHREI TER: That is your choi ce.

CHAI RMAN VWALLI S: Are we going to see
anything different the second tine?

DR, HOCHREI TER: | think you will, yes.
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CHAI RVAN WALLI S: Well, what | suggest we

do is we take a break, and you run the novie during
t he break, and if anybody wants to see it again, they
can see it. Then we can have an i nformal discussion,
off the record, during the break if that hel ps.

We wi ||l break for 15 m nutes, come back at
3:25, and we will run the novie during the break for
t hose who want to see it again. But we wll break
NOw.

(Whereupon, the above-entitled matter

went off the record at 3:11 p.m and

went back on the record at 3:25 p.m)

CHAI RVAN WALLI S: Let's conme back into
sessi on.

We are now goi ng to hear what we've been
| ooki ng forward to, which is the description of some
of the data produced by this wonderful setup.

DR. HOCHREI TER  Okay. What | have is
data for two tests, and | was going to run through
that. And naybe after you see the first test we can
go through the second test faster

The min change is, primarily, the
pressure. So this is a 20 PSI experinent, one inch a
second flooding rate, 1,4000 degree initial

tenperature, 20 degrees subcooling.
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The first thing | would point out is the
duration of the test. It is really very long. And
the reason for this is using constant power. And you
tend to, basically, be able to get | onger periods of
time of dispersed flow of filmboiling.

And this is the quench front from the
heat er rods as the quench basically noves up. So this
i s basically quench el evation versus tinmne.

DR KRESS: That doesn't | ook |ike one
i nch per second.

DR. HOCHREI TER: Wy doesn't it [ ook |ike
one inch a second?

DR KRESS: Vell, between 400 and 600
seconds, that is 200 seconds, and it would be 200
i nches change, and | don't see 200.

CHAI RMAN WALLIS: | think is --

DR. HOCHREI TER: No, one inch a second is
the cold flooding rate.

CHAl RMAN WALLIS: It is the flowrate of

wat er .

DR. HOCHREI TER: Cold fl ooding rate.

DR. KRESS: | see what you nean. You are
losing -- that stuff with steam

DR HOCHREI TER:  About 95 percent of it.

DR. KRESS: Yes, | see.

NEAL R. GROSS
COURT REPORTERS AND TRANSCRIBERS
1323 RHODE ISLAND AVE., N.W.
(202) 234-4433 WASHINGTON, D.C. 20005-3701 (202) 234-4433




10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

111
CHAI RVAN WALLI S: How do you defi ne quench

front?

DR. HOCHREI TER: Let me show you in a
figure for a mnute. Can | hold that for a second?

The next slide is a calculation for one
paranmeter, and then the other is data. This is where
we calculate the saturation line to be, the bundl e,
this is where the energy cones.

And, again, the power is constant, the
flowis constant, subcooling is constant in the test.
So basically you would start to boil at this point.
And the red Iine is basically the rod quench front,
t he bl ack I'ine is the housing quench front. These are
dat a.

So this region between the red |ine and
the blue line, basically is a two phase regi on, where
you basically have nuclear boiling. And so you have
production of steaminthis region, inadditiontothe
steamthat is generated when you quench the rods from
the stored energy rel ease of the rods thensel ves.

CHAl RVAN WALLI'S:  You have steam created
above the quench front too.

DR. HOCHREI TER: You have steam created
above the quench front due to evaporation of the

dropl et s.
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This is something that is very different
t han ot her refl ood experinents, for two reasons. One,
nost of the tests were run with higher subcoolings,
typically 150 degrees subcooling.

Two, the power was not constant. So if
you would plot the saturation line for those
experinments it basically followed the quench front,
and then peeled it away fromthe quench front at about
this tinme period here.

So, again, by running with a constant
power you basically have expanded the regi on boiling
bel ow t he quench front, but then you' ve expanded the
time duration of the test.

DR KRESS: So if | |ook below that blue
line?

DR.  HOCHREI TER: It is single phase
[iquid.

DR. KRESS: -- would be one inch per
second, then?

DR. HOCHREI TER: Bel ow this, yes.

DR KRESS: It doesn't look like it.

DR. HOCHREI TER: Wel |, probably because |
have only drawn it to here.

DR, KRESS:. kay.

DR. RANSOM What do you nean by sat |ine?
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That position is where you exceed the saturation
temperature, is that right?

DR. HOCHREI TER: O the coolant, yes.
Just from an energy bal ance.

DR.  SANJOY: It is a very low refl ood
rate?

DR. HOCHREI TER: Right, lowreflood rate,
| ow subcool i ng.

Now, what |'ve got are a bunch of plots of
t enper at ur es above and bel owspacer grids at different
el evations. This is for the grid that is at the 69
i nch el evation, the bl ack t hernocoupl e i s thernocoupl e
on the rod, and the inner five by five is |ocated at
this el evation.

The green one, which |I've colored in, is
a thernocoupl e here. You asked about where t he quench
front is. Quench front is defined, usually, by the
need in this curve. Because that is where we think
that you start to get wetting.

CHAl RVAN WALLI S: Where it begins to turn
down rapidly?

DR. HOCHREI TER  Very rapid, yes. And
we've used a criteriato look at this, so many degrees
per second for quenching.

Now the thing that is very apparent from
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this figure is that the cooling, as we saw on the
film downstream is better than the cooling upstream
And that is really reflected in this tenperature
di ff erence.

CHAI RVAN WALLIS:  Until the quench front
gets cl ose?

DR HOCHREI TER Right. Andthenthereis
a difference here, because there is an elevation
di fference between the two T cells.

|'ve got a series of these plots, and |
al so have vapor tenperature neasurenents. These are
vapor tenperature measurenents, again, upstream and
downst ream of the quench front.

This steamprobe is up here, it is black
-- I'msorry. Can you hear ne?

So we have a st eamprobe here, and a st eam
probe here. This one is at 83 i nches above the grid,
this one is belowthe grid at 16 inches. You don't
see a lot of difference in through here, but you see,
agai n, a continuation of the vapor superheat, really
out for a pretty long period of tine.

Now, these --

DR. SANJOY: These are the same run that
you --

DR. HOCHREI TER: Sane run. The way, at
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| east, |'"minterpreting the steamprobe nmeasurenents,
and this is open for debate, | probably shoul dn't have
said that, is that the real steamtenperature is the
peaks of this.

Thisisreally the thernocoupl e seat water
droplets. Wat i s uni que about these neasurenents is
t hat you see a persistence of superheated vapor for a
[ ong tine.

In the previous reflood experinents that
| have | ooked at, in tests which | have run nyself,
you would not get vapor superheats that would be
persistent for as long a period of tinme, and at an
el evat ed superheated tenperature.

CHAI RVAN WALLI'S: What is interesting to
predict is not just the peak, but what seens to be the
| ower, which is around 200 degrees C, in your green
curve, there is a whole range of --

DR. HOCHREI TER: Well, or the difference.

CHAI RVAN WALLIS: Wiy is it bottom ng out
at 2007

DR HOCHREI TER: I n here?

CHAl RVAN WALLI S:  Yes.

DR HOCHREI TER: | don't know, | don't
have a good answer for that. This is a saturation

tenmperature, essentially, here. The 20 PSI test,
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saturation is 228 degrees fahrenheit.

CHAI RVAN WALLI'S: Wl |, maybe that is the
radi ati on fromthe rods.

DR. HOCHREI TER  That is keeping it up
her e?

CHAl RVAN WALLI'S:  Right. Because quench
front comes by around 500 or sonething?

DR. HOCHREI TER: Well, that is what | was
going to show next. This is at 73 inches.

CHAl RVAN WALLIS: Well, it is not the sane
scal e of tine.

DR. HOCHREI TER: Well, | know, so that is
her e. It is about 700 seconds, this thing is
qguenching, going to saturation at about 600 seconds.

CHAl RVAN WALLI'S:  But the previous slide
is much better, yes. So the thernocouple quenches
before the rods do, before the clad does?

DR. HOCHREI TER. The steamprobes tend to
guench before the rods do, yes. This is quenching at
about 600 seconds. Actually, this is pretty close.

CHAl RVAN WALLI'S:  Your scales aren't the
same, are they?

DR HOCHREI TER: No, but this tine and
this time are the sane. But, again, | have never run

experinment, or seen tests where the vapor renains
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superheated for a | onger period of time, as the rods
start to quench.

CHAI RVAN WALLI S: So that is something
that your theory is going to explain, or nodel?

DR. HOCHREI TER Wl |, sonebody's nodel
yes.

CHAl RVAN WALLI S:  Not yours?

DR. HOCHREI TER: | don't know, maybe. So,
| nmean, to ne this is great stuff for any kind of an
advance code, because you havetotry to predict this.
Now, again, | think you have to use sone constructive
interpretation of the measurenent.

And it is really the peaks that | think
you want to look at. And then it really gets fuzzy in
her e.

DR. SANJOY: What is a bit surprisingis
that the green and the black back there --

DR HOCHREI TER: Are about the same?

DR SANJOY: Yes.

DR. HOCHREI TER: | know. You don't see
that in all of them Let me run through sone nore.
This is low, this is fairly lowin the bundle.

CHAI RVAN WALLIS: Maybe it is only steam
up there, there is no water at all.

DR. HOCHREI TER: No, there is water. |If
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there is only steam you woul d not see this.

CHAl RVAN WALLI'S:  You woul dn't?

DR HOCHREI TER:  No.

MR. SCHROCK: \What is the neaning of SP
and CT, that is on your |ocation up there?

DR. HOCHREI TER. CT is cl ad t hernocoupl e,
ST is steam probe. So these are clad thernmacouples
i nside the heater rods, these are steam probes.

MR. SCHROCK: They are all tenperatures?

DR. HOCHREI TER: Yes, yes. |I'mgoing to
get this all in the border. Now, this is another
elevation that is further up.

CHAI RVAN  WALLI S: This is now in
centinmeters a second?

DR. HOCHREI TER: | have a foreign student
doing this. And by contract we have to give the NRC
this stuff in metric. The only problemis | don't
understand it. | do understand that.

CHAl RVAN WALLI'S: Wl |, centineter is not
a standard unit.

DR. HOCHREI TER: So this is at, with the
grid at the 89 inch elevation. Again, thisis aclad
tenmperature at 91 i nches, and a cl ad tenperature at 88
i nches.

And you can see the effect of the spacer
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gridis to drop this by over 200 degrees C.

CHAl RVAN WALLI'S:  Now, all these curves
are digitized, and recorded in electronic fornms?

DR HOCHREI TER:  Yes.

MR. SCHROCK: Where is the grain? Is that
t he upper thernocouple on the plan?

DR HOCHREI TER: Yes. 91 inches.

DR. KRESS: Now, have you replotted these
anywhere as the tenperature versus el evation?

DR HOCHREI TER:  Yes.

DR KRESS: Above the --

DR HOCHREI TER:  Yes.

DR. SANJOY: But the first peak is about
t he sanme, right?

DR. HOCHREI TER: Yes, and this is probably
because this is right at the beginning of the test,
and there probably is no water.

CHAI RVAN WALLI'S:  So how does the steam
get heated so much as it goes through the grid?

DR.  HOCHREI TER: The steam is getting
cool ed.

CHAl RVAN WALLI S:  No, the next curve. The
steamprobe is the next one. Inthis one the steamis
getting heated as it goes through the grid, isn't it?

Am | | ooking at sonething el se?
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DR. SANJOY: That was the «clad

t emper at ure.

CHAl RVAN WALLI'S: No, this is the steam
It is the other way around, it is getting cooled as it
goes through the grid?

DR. HOCHREI TER® Right. This is the steam
tenperature, 93 inches, again | should have drawn an
arrow here, but the flowis up this way.

CHAl RVAN WALLI'S:  So what cools it?

DR. HOCHREI TER: The dropl et breakup here.
The turbul ent m xing, droplet breakup.

CHAI RMAN WALLI'S: Now, these droplets --

DR HOCHREI TER: | ncreased convecti on.

CHAI RVAN WALLI S: These droplets are
hitting your probe, then?

DR. HOCHREI TER: The droplets are hitting
the grid.

CHAI RVAN WALLIS: Not hitting the probe?

DR. KRESS: What was bot hering ne is that
t hi s supposes that every grid you hit the dropl ets get
smal l er, and then they get smaller again. | could
never rationalize this.

DR. HOCHREI TER  That may not be true,
because you may reach a m ni numsi ze wher e nost of the

drops can pass through the grid. Were nost of the
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drops can pass through the grid.

DR. KRESS: But then you woul dn't see the
effect.

DR.  HOCHREI TER: There is still a
convecti ve enhancenent that is caused by the spacer,
particularly a spacer like this. So you are going to
get a higher interfacial heat transfer between the
vapor and the drop.

MR. SCHROCK: Do you have t her macoupl es on
the grids?

DR HOCHREI TER:  Yes.

MR. SCHROCK: You are not show ng us
t hose?

DR. HOCHREI TER: |'mnot. Mst of these
grids will end up being quenched.

MR, SCHROCK: Yes, that is what | was
goi ng t o suggest, that your cooling occurs between t he
grid and the steamgoi ng through and not in a change
in mxing conditions downstream of that.

DR. HOCHREI TER: Well, | knowthere is a
change in the mxing conditions downstream | know
that from single phase tests.

MR. SCHROCK: But you can't convince ne
that the predomnant effect is in the region

downstream of the grid, wthout showing nme the
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tenperature on the grid.

DR. HOCHREI TER: Well, for nobst of these
tests --

MR. SCHROCK: They are quenched.

DR. HOCHREI TER: For nost of these tests
the grid --

MR, SCHROCK: But t hat is a lot of
surface area conpared to the drop surface area.

DR. HOCHREI TER: | know, | agree, | agree.
And that is sonmething that we are going to have to
sort out from the data. And, really, we've talked
about this with the NRC.

We have purposely kept these tests at a
| owtenperature, because it is the beginning of atest
period, a long test period, one very | arge expensive
rod bundl e.

What we pl anned to do, and Steve had it on
his slide, is go back after we run our separate
ef fects deconposition of disperse flowfilmboiling,
and run higher tenperature tests, because there we
will definitely have the grids hot.

And we do have sone data, but it is
limted, where the grids are hot. And | can't
honestly answer whether you see exactly the sane

effect, or not, wthout going back and | ooking
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specifically at that data.

MR. SCHROCK: But you are convinced that
t he predom nant effect is the enhanced heat transfer
bet ween drops and steamdownstreamfromthe grid, not
enhanced heat transfer in the grid, from wall to
st ean®?

DR. HOCHREI TER: Well, actually, liquid
filmis --

MR. SCHROCK: Well, theliquidfilmisthe
wall to the vapor.

DR. HOCHREI TER: Yes. Right now, yes, |
am

DR. KRESS: Larry, | conclude that in
order to get that enhanced heat transfer, that you
have to have nore droplet surface area, which neans
you have to break them up

Actual Iy the heat transfer of a given drop
bet ween the steamand drop wasn't nuch, when | tried
to make the cal culations. So that is, once again,
cone back to | never figured out how we kept nmaking
the droplets smaller each tine.

DR. HOCHREI TER: Well, Dr. Schrock has a
very valid point.

DR. KRESS: Yes, it could have sonet hi ng

to do with that grid, yes.
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DR. HOCHREI TER: And t he anpbunt of surface

area. You get two benefits, if you would, in that
case. One, the surface area benefit, becausethe grid
does have a huge surface area.

The second benefit is that the relative
velocity is much higher for the interfacial heat
transfer, because the grid is not noving.

MR, SCHROCK: And the third is that you
are in a thermal entry region.

DR. HOCHREI TER. Ri ght.

MR. SCHROCK: Very close to the beginning
of it.

DR HOCHREI TER: That is right.

MR.  SCHROCK: All at a very high heat
transfer coefficient.

DR HOCHREI TER: That is right.

CHAI RVAN WALLI S: What does your grid
t her nocoupl e show?

DR. HOCHREI TER For npbst of the tests the
grid thernocouple, once you start to get water through
here, will quench. So it will conme down --

CHAI RVAN WALLI S: The grid thernocoupleis
way down t here.

DR. RANSOM Larry, have you nodel ed t hese

usi ng COBRA/ TRAC, or --
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DR, HOCHREI TER®  Yes.

DR. RANSOM What does it showin terns of
t hese tenperatures?

DR. HOCHREI TER: W get a behavior like
this.

DR. RANSOM It woul d be very instructive
to see sone conparisons.

DR HOCHREI TER: W have done t hose, we do
get a behavior that is like this.

DR, RANSOM You do get that Kkind of
super heat bei ng predicted?

DR. HOCHREI TER: Yes. |If anything we tend
to overpredict the superheat.

DR RANSOM  How about other NRC codes?
Li ke RELAP-5, what does it show?

DR. HOCHREI TER: | cannot answer that, |
don't know. But in this case, at this higher
el evati on, you do see nore of an effect on the grid,
even on the vapor tenperature, including the rod
t enper at ur es.

The hi gher you go, of course the power
gets higher. This is around the peak power | ocati on.
Again, this is a thernocoupl e downstreamof the grid,
t her nocoupl e upstream of the grid.

And when | said these tests are quasi-
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steady, | nean, these tenperatures are really fairly
steady for hundreds of seconds. And you don't see
that in a normal reflood test.

Again, the reason for it i s because we've
been running these at a constant power. But here is
al rost 200 degrees C difference, upstream and
downst r eam

And you see the sane picture for the
vapor. The vapor is al nost constant. This is al nost
a steady state test, that starts to drop off sooner
because it is at a | ower elevation.

CHAI RVAN WALLI'S:  And no one has tried to
anal yze t hese?

DR. HOCHREI TER: We are anal yzi ng t hese,
the NRC is going to be anal yzing these.

CHAI RVAN WALLI S: | really don't think
that is the way to do it, they should be anal yzing
them right now, not waiting.

DR HOCHREITER: This is at the -- past
t he peak power |ocation, alnbst at the exit of the
bundl e. And, again, this is the tenperature
downstream of the grid, and this is the tenperature
upstream

The t enper atures, of course, are | ower now

because the power has dropped off.
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DR.  KRESS: You have cosine type

di stribution?

DR. HOCHREITER: No, it is two straight
i nes.

DR KRESS: Two straight |ines?

DR. HOCHREI TER: From .5 to 1.5 peaking
factor, and 1.5 occurs at about 108 inches, and then
from1.5 down to .5 at 144 inches.

DR KRESS: Yes, that would be easier to
anal yze, anyway.

DR. HOCHREI TER: And that is one of the
reasons it was chosen.

DR. SANJOY: If you take the precursory
cooling into account, does the advance of the quench
front follow any sort of conduction quench front
advance? You woul d have to work out the entrai nnent,
and all this sort of stuff.

DR HOCHREI TER: W had a student that
just finished at Penn State, that nade i nprovenents to
the COBRA/TF inverted annular, annul ar, and
entrai nnent nodels. W had himrun his cal cul ations
agai nst FLECHT test, which have a cosi ne power shape,
and these rod bundle tests.

And he got excel |l ent agreenent with t hese

five bundl e tests. There still are issues with the
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code. One of the issues is what do you choose for T-
mn, mnimal filmboiling tenperature.

These tests indicate that it should be
| ower than the nodels that are typically in the code.
| f you make t hat adj ust nent you coul d mat ch t he quench
fronts very well.

So it was actually a conbination of both
of those things.

CHAI RVAN WALLI S How nmuch water is being
drai ned out the top of the hole?

DR. HOCHREI TER: Quite a bit. The
qualities, if | renmenber correctly, are around 50
percent .

CHAl RVAN WALLI'S:  So hal f the fl ow com ng
out of the top is water?

DR. SANJOY: T-min would al so depend on
the material ?

DR HOCHREI TER:  Yes.

DR. SANJOY: That is the problem

CHAI RVAN WALLI S: It depends on the
velocity, too. It is not just a magic nunber.

DR. HOCHREI TER. W have run experi nents,
again, as part of the program on different cladding
mat eri al s. W built a small furnace and we took

inconnel, built a four foot heater rods, basically,
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and basi cal | y oxi di zed the i nconnel. And we got T-min
val ues, basically, with a dunk test.

And t hen we t ook zi rcal oy, fresh zircal oy,
and zircaloy with different oxidation thicknesses,
whi ch we coul d characterize, didthe sane thing. Yes,
there is quite a bit of difference.

We t ook t he i nconnel sanpl es, we roughened
t hem and again you get a higher T-min value. Sothis
is sonething that is going to have to be nail ed down.

CHAI RVAN WALLI'S:  Which neans that all
fuel elements which have an oxide | ayer are going to
be different?

DR. HOCHREI TER That is right. But those
are usually | ow power fuel elenents, not |imne.

Agai n, what |'mecstatic about with this
data is the steamtenperature nmeasurenents that just
slowy, slowy cone down t owards saturation. W never
saw that in any previous test, ever, anywhere in the
wor | d.

DR. RANSOM Never saw what?

DR, HOCHREI TER: Steam tenperatures
remai ni ng super heated and then slowy com ng down to
a saturation tenperature like this. Usually it goes
pl unk.

DR. RANSOM You don't see any quench, you
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don't think?

DR. HOCHREI TER: That isright. Now, this
is at the very top of the bundle, the flow is nost
hi ghly di spersed.

MR. SCHROCK: It | ooks alnost likeit sort
of tries to quench, and then hesitates, and thentries
agai n.

DR HOCHREI TER: Yes, in here.

MR SCHROCK: Right, those shel ves.

DR. HOCHREI TER: Yes. And so, again, ny
interpretation of the data is take the tops.

DR. RANSOM  You have the sanme nunber on
that 1096, is that a run nunber?

DR HOCHREI TER:  Yes.

DR.  RANSOM But when | [look at the
printed version it |ooks different out here where
t hese, near the tail end.

DR, HOCHREI TER: | don't know what you
nmean.

DR. RANSOM | guess you've gone over it
with a pen, and sneared it up, that is what it |ooks
l'i ke.

DR. HOCHREI TER: W th the green, you nmean?

DR. RANSOM Right, the green.

DR HOCHREI TER: Yes, | did, to make it
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nore dramati c.

DR. RANSOM But when you | ook at the
printed one there are nore distinct shel ves.

DR HOCHREI TER:  Yes.

DR. RANSOM There, as it comes down.

DR. HOCHREI TER: That is very true, that
is very true. You can see themin through here.

DR. RANSOM  Yes.

CHAI RVAN WALLI S: | don't think your nodel
is going to predict those shel ves.

DR. HOCHREI TER: | don't think so either.

MR. BOEHNERT: \What are you attributing
this to, Larry?

DR. HOCHREI TER: VWhat am | attributing
what to?

MR. BOEHNERT: This fall off of superheat
cool i ng?

DR.  HOCHREI TER: The quench front is
comng up but it is so highly dispersed that thereis
just not a lot of liquid there, okay? There is
obviously liquid in the flow, that is really what
causes this, okay?

MR. BOEHNERT: But you are saying you've
never seen these many tests before?

DR. HOCHREI TER: But |'ve never seen it
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persist for as long a period of tine. Because we
al ways use these aspirating steam probes and, you
know, so you are sucki ng steam hopefully steam into
t he t hi nbl e, where you have a shi el ded t her nocoupl e.
And you provide a torturous path, hopefully, to
separate out the |iquid.

Well, hopefully doesn't cut it. Now, a
coupl e of reasons. One, you do get liquid in there,
when you get it in there, it hits the probe, it
guenches. These were | arger thernmacouples, which is
probably part of the problem These are much snall er
t her macoupl es.

Agai n, the other thingis you have a decay
power, so the whole transient is conpressed. And you
get alot nore liquidup there, sooner, than you do in
t hese tests.

CHAI RVAN WALLI S: Did you do separate
effects tests on your probes to see what they actually
nmeasure in a controlled flow?

DR. HOCHREI TER: W have not, no. | think
we did sonmething like this in the FLECHT SEASET
program W used bare thermacouples in the FLECHT
SEASET program but it was at the very end of the
particular, in a small 21 rod bundl e.

And we had, Ral ph and | designed a | ot of
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steam probes that didn't work, okay? So it is rare
that you find one that does. And we had shiel ded
t her macoupl es, we had sel f-aspirating thernmacoupl es,
and then we had bare thermacoupl es.

Now, bare thernmacoupl es worked t he best.
| think it is just a question of providing the
smal | est target to the drops.

DR.  SANJOY: There was some CARS
neasurenents nmade at Lehi gh, John Chen made thenf?

DR. HOCHREI TER  Yes. So he basically
took what we had done in FLECHT and did it in a
smal | er rod bundl e where, again, he was aspirating,
pul l'ing a vacuum and sucki ng --

DR. SANJOY: No, | nmeant he was al so usi ng
random scattering to | ook at tenperatures.

DR. HOCHRElI TER: That |' m not aware of.

DR. SANJOY: | don't know if he ever got
it to work.

DR. HOCHREI TER: | really can't answer
that, | don't know.

DR. SANJOY: Then he had an i ndependent
nmeasur enent, conpletely.

DR. HOCHREI TER. Ri ght.

DR. SANJOY: NRC funded it, so we should

be able to dig up what --
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DR. HOCHREI TER: No, we have the reports,

and | | ooked at those reports, | just don't renenber
t hat bei ng reported.

DR SANJOY: Ckay.

DR, MOODY: What is the one inch per
second?

DR. HOCHREI TER: It is one inch cold
flooding rate into the bottom of the bundle.

Now, we have the [ aser illum nated caner a.
And t his was positioned at the 93 inch el evation. And
this is plotting the mean di aneter versus tinme after
refl ood. This gives you an indication of where the
qguench front is, okay?

And as t he quench front i s nmovi ng up al ong
these elevations, the nean dianeter from the
di stribution of the drops that we nmeasured with the
canera, is slowy increasing.

And then as the quench front gets very
closetothis 93 inch elevation, this basically falls
of f. So we are neasuring drops, entrained drops,
roughly four to six inches below the quench front,
with this canmera system W have never been able to
dot and plot it.

And you get a whole history of these

dr ops. Wen we did these, tried these types of
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nmeasurenments in the FLECHT SEASET program as Steve
i ndi cated, we woul d naybe get 50 drops.

DR. KRESS: Were would you |l ocate a grid
al ong that?

DR. HOCHREI TER: This is above a grid, if
| remenber correctly.

CHAl RVAN WALLI'S:  So one | ocation?

DR. HOCHREI TER: Yes, one location. |I'm
going to show you above and below in a m nute.

DR. RANSOM Larry, what Webber nunber do
t hose correspond to?

DR. HOCHREI TER: | can't tell you that, I
have not cal cul ated that.

DR. RANSOM You really need to extract
sone of that data out of this.

DR. HOCHREI TER: Well, we will, we wll.
W will be able to do that because we will do the --
at least it is going to be a bundle average steam
vel ocity, and we can cal cul ate that.

DR. KRESS:. By |ooking at that change in
droplet size you could probably extract how nuch
turned into steam

DR. HOCHREI TER: Exactly. But you have to
remenber --

DR. SANJOY: There is not nuch change.
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DR. HOCHRElI TER: You have to renenber --

DR. KRESS:. That is what | was thinking,
there is not nuch of a slope there.

DR. HOCHREI TER: You have to renmenber that
t hese, the nmeasuring systemtends to bias you t owards
smal | er sizes.

DR. KRESS: It probably does, yes.

DR. HOCHREI TER: Because we cannot see t he
drops that are behind the rod, and we are | ooking
t hrough the gap. And the gap, | think, is 122 mls.
And in the canera systemyou have to put boundari es,
you put into the software boundari es. So it is
actually less than 122 mls.

And then the software package with the
systembasically rejects parts of drops, or any drop
t hat touches the boundary. So you tend to get a bias
here, probably, of snmaller drops.

DR. SANJOY: These are about 15 thou

right?

DR. HOCHREI TER: Ri ght.

DR SANJOY: \What is 122 mls?

DR. HOCHREI TER: Wel |, roughly ei ght tinmes
this.

DR. SANJOY: This is a Sauter nean?

DR. HOCHREI TER: This is just nean, |I'm
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goi ng to show you Sauter mean next. Sauter nean is a
little larger. There is nore scatter, too, which I
cannot explain right now.

DR. RANSOM Sauter nean is the dianeter
t hat gi bes you the sanme surface area?

DR HOCHREITER: It is a surface area --

CHAl RVAN WALLI'S:  Actually it is a volune
to surface.

DR. HOCHREI TER: A volune to surface, so
it comes out with a D, yes.

These are the nunber of counts. This is
just to show you that we had a | ot of counts.

CHAI RMAN WALLI S: This is counts per
second?

DR. HOCHREI TER: This is counts for each
di ameter size that we got, okay? And we -- | don't
have the total number of counts, but it is typically
l'i ke 5,000.

So t he nunber, we t hrew anythi ng of 20 or
less. So to calculate this dianeter, whether it is a
Saut er nean, or the average dianeter, where you are
usi ng data that has about 51 counts.

CHAl RMVANWALLI S: Presumabl y over a peri od
of tinme?

DR HOCHREITER: It is, but it is rather
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short. Total counts, total, for that w ndow.

DR. SANJOY: But there is seconds after
refl ood?

DR. HOCHREI TER: Yes, these are seconds
after reflood.

DR. SANJOY: How big are your wi ndows?

DR. HOCHREI TER: THE ti me wi ndow? | think
it was about, |'m guessing, 20 seconds.

CHAI RMVAN WALLIS: So there are very few
counts per second.

DR. HOCHREI TER: Yes. | don't really know
t he exact numnber.

DR. SANJOY: But it is off that order
because you go one, two, three, four, five, six, six
in 100 seconds, roughly, of those.

DR HOCHREI TER: Yes. Now, if we | ook at
the distribution, and you should correct your slide,
this is below the 110 inch grid, this is the
di stribution we are getting, this was the nean, okay?
And the nean was 18 mls.

CHAI RMAN WALLIS: That is a |l og scale?

DR. HOCHREI TER. Yes. Actually we found
nost of this fits a log normal distribution.

CHAl RVAN WALLI'S: What are these weird

ones which are off scal e?
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DR. HOCHREI TER They are weird. They are

weird data, which | cannot explain at this tine.

DR.  SANJOY: So these are |1og nornal
distribution, really?

DR HOCHREI TER:  Yes.

CHAI RVAN WALLI S: Except for the weird
ones.

DR. HOCHREI TER: Except for the weird
ones. This is above the grid, the one belowthe grid
was 0. 18 sonething. This is the size above the grid,
t he size has decreased.

The other thing, at least it seens to ne,
that this distribution is tighter than the one bel ow
the grid.

DR. SANJOY: But, you know, as you said,
you may be biasing your data because of the w ndow.

DR. HOCHREI TER: | know, I know. You have
to consider that.

MR. SCHROCK: There i s a huge resonance of
10 to the minus 2 inches. Resonance.

CHAl RMAN WALLI S: Those are the weird
ones.

MR,  SCHROCK: It |ooks like a neutron
scattering.

CHAI RVAN WALLIS: Well, it is not a |log
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scale, isit?

DR. SANJOY: Well, it could be that there
is a preferred size.

MR SCHROCK: It could be.

DR. HOCHREI TER: I don' t have an
expl anati on for these points.

DR. SANJOY: |If you |l ook at this data set
there is also that little bunp.

DR HOCHREI TER: The next plot just is
axi al plots of the vapor tenperature. So the greenis
at the beginning of the test. The solid squares are
at 350 seconds. So, | nean, | just drew a colored
line through here, so you can see it better.

And this is a turn-around, so you have
sone data here, you have point that is | owhere, these
points are high here, points in here. Sone of the
t hermacouples in the steam probes do behave
differently, because this one is |low, these two are
basically together, these three are basically
t oget her.

By and | arge you don't see a | arge radi al
temperature gradi ent across the bundl e, because you
are sanpling three di fferent subchannels here, in the
bundl e.

Each one of these thermacouples is inthe
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center of a different subchannel. They conme in from
t he side.

DR.  SANJOY: So now this is by axial
| ocati on?

DR. HOCHREI TER: That is right, this is
t enmperature versus axial position.

DR SANJOY: And the tenperature --

DR HOCHREI TER: O three different tines.

MR, SCHROCK: Ckay.

DR. HOCHREI TER: This is at the begi nning
of the test, this is at 350 seconds, this is at turn-
around. Now, this is nmy drawi ng of --

MR, SCHROCK: | don't understand how you
are showing turn-around on tenperature versus
| ocati on.

DR  HOCHREI TER: This is the clad
tenperature turn-around, thisis the steamtenperature
distribution at the time that the clad tenperature
turns around.

CHAI RVAN WALLI S: VWhere does it turn
around?

DR. HOCHREI TER: At the upper el evati ons,
up in here. And | don't renmenber what the tine is, |
woul d have to go back and | ook at the tine.

DR. BAJOREK: It is about 800 seconds or
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so.

DR HOCHREI TER Yes, sonething like that.

DR. SANJOY: 350 seconds, when you say
350, is 350 fromthe start of refl ood?

DR. HOCHREI TER. Ri ght.

DR. SANJOY: But when you say turn-around,
what do you nean, is that sonething |i ke 800 seconds?

DR. HOCHREI TER: Yes, | shoul d have put a
time in here.

Now, the plot that Dr. Kress was talking
about | ooks something like this. Again, this is
tenperature versus elevation. These are the heater
rod tenperatures, these are the spacer grids, these
are vapor tenperature nmeasurenents.

CHAI RMVAN WALLI S: So the zigzag is used as
spacer ?

DR. HOCHREI TER: Yes. You get cooling,
and t hen you get recovery, cooling, recovery, |I'mnot
too sure why this drops down, and then and so forth.
Then you have --

DR. SANJOY: \Wiere is your flux peak?

DR. HOCHREI TER It's in here, very cl ose
to this. Yes, | don't know why this is --

CHAl RVAN  WALLI S: Vhat are the

expectations of the code, Steve? Are you going to
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nodel these nountains?

DR BAJOREK: Yes, we think that in the
I ong run this code has to be able to get the claddi ng
profile, and be able to get the di ps foll owi ng each of
these grids. And that is going to require us not only
toget therodtothe fluid heat transfer correct, the
interfacial heat transfer correct, and be able to get
what | will call the delta D, or the change in the
droplet sizes it encounters one grid to the next.

DR KRESS: W' |l need that, because there
is 150 degree difference there.

DR SANJOY: \What time is it?

DR. HOCHREI TER This is at the peak
temperature turnaround tine. This is around 800
seconds. It is actually -- | can tell you that nore
accurately.

DR. RANSOM Larry, the turn-around tine

is when the peak clad tenperature starts to go back

down?

DR HOCHREI TER: Yes. It is nore |like 400
seconds.

DR SANJOY: Four hundred seconds?

DR. HOCHREI TER: 1'mjust goi ng based on
this.

DR. SANJOY: And where does the peak cl ad
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tenmperature occur, is it at the maxi mumflux point?

DR. HOCHREI TER: Yes, it is up in here.

DR. SANJOY: Sonewhere there. So | don't
understand this, Larry. The peak tenperature there,
t hat you are show ng, i s about 850, 870, or sonet hi ng.

DR. HOCHREI TER: | see what you are
sayi ng, yes.

DR. SANJOY: So woul dn't you expect that
unl ess the turn-around is just before the peak?

DR. HOCHREI TER: Ral ph, do you renenber
t he exact | ocation of the peak power?

DR ROSAL: 108.

DR. HOCHREI TER: 108 i nches?

DR ROSAL: Yes, we have it.

DR. HOCHREI TER: Al right, | would have
to convert that to neters, because this was in -- |
don't really know, it is before this grid.

CHAI RVAN WALLI S: Thi s initial
tenmperature, what isthat? Theinitial tenperature of
everyt hi ng?

DR  HOCHREI TER: This was the initial
tenperature of the test.

CHAI RVAN WALLI'S: Everything is at that
tenperature, it nust be just the peak?

DR. HOCHREITER: It is the peak. There
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was a 20 PSI test, |I've got a simlar set of plots for
40. Do you want ne to wal k through those plots?

CHAI RMAN WALLIS: Is there anything new?

DR HOCHREI TER: Not so nuch, no.

CHAI RMVAN WALLIS: So are you going to,
t hen, show us sone predictions, or sonething?

DR HOCHREI TER:  No.

CHAl RVAN WALLI S: There is a COBRA/TF
here, on one of these.

DR. HOCHREI TER: | don't think so, there
shouldn't be. If there is, |I screwed up

| do want to showyou, if you go ahead in
t he package, this is the steam probe behavior. Wen
you are at the center of a subchannel, and when you
are in the gap.

Thi s experinent has a vapor tenperature
nmeasured in the gap, versus this experinent, same
conditions as the vapor tenperature nmeasured in the
center of the subchannel.

CHAI RMAN WALLI S: So you are goi nhg to show
that, too, in the code? It is going to be a two
di nensi onal code, a three dinensional code?

DR BAJOREK: No.

CHAI RVAN  WALLI S: There is a big

di ff erence.
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DR SANJOY: \What is the vapor velocity?

DR. HOCHREI TER | cannot give you an
accurate nunber on that.

DR. SANJOY: It is nost likely, though
that things are fairly well mxed, aren't they?

DR, HOCHREI TER: Well, your vapor
velocities are going to be the highest in here.

DR SANJOY: Right.

DR. HOCHREI TER: Ckay? Vapor velocities
are the highest in here, and they are going to be the
| owest right in here.

DR, SANJOY: That could be just the
radi ati on effect, or sonething.

DR. HOCHREI TER: | don't think so. I
really don't.

CHAl RMAN WALLI S: So it is nuch nore
readi |y quenched in the one position than the other?

DR. HOCHREI TER: Well, you have nore
liquid here than you do here.

CHAI RVAN WALLI S: And the one that is
guenched, I'mtrying to figure out which is which
The center line is --

DR. HOCHREI TER: The one that is quenched
is the one that is in the center. You have a non-

uniform tenperature di stribution wi t hin t he
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subchannel

The t enperat ures are going to be higher in
the gaps than they are in the center of the
subchannel . CFD cal cul ati ons show t hat, because the
velocity distributionis highest inthe center of the
subchannel , | owest in the gap region.

So i f nothing el se changes, the vapor in
here is going to be at a higher tenperature than here,
sinmply because of velocity. It is lower in the gap
region conpared to the center.

Now, should a conputer code |like TRAC-M
account for this? No, | don't think so.

CHAl RVAN  WALLI S: el |, if it is
averaging, it is going to average over a pretty w de
range of --

DR. HOCHREI TER: Well, there is nore area
here than there is here.

CHAI RMVAN WALLI'S: What is it going to say
the tenperature is?

DR. HOCHREI TER. What TRAC-Mis going to
say the tenperature is?

CHAI RVAN WALLI S: So 600 or sonething,
bet ween --

DR. HOCHREI TER: TRAC-Mis going to give

you a nore accurate estimte of the tenperature in
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her e.

DR. SANJOY: It woul d be an area aver age.

CHAl RVAN WALLI S: | gquess it doesn't
matter, there woul d be enough coefficients inthe code
that it wll correct for it, anyway.

DR HOCHREI TER: Well, 1 wouldn't even
try, but this is just something that people should
know about .

DR. BAJOREK: Larry, | think what you are

pointing out is, the TRACM we woul d be shooting at

getting like a mass weighted average across the
bundl e, and that is about the best we will do with
t hat .

VWhat the tests are pointing out is the
potential need, in the future, for |ooking at
subchannel effects. 1In sonmething Iike that we woul d
want to start |ooking at coupling TRACM with the
COBRA/ TF, or something like a VIPER, if it is
inmportant for the Staff to be able to predict the
di fferences across the bundle, |ike that.

DR. SANJOY: Are the clad tenperatures
hi gher in the gaps, too?

DR. HOCHREI TER: We don't know, because we
have a si ngl e t hernocoupl e at sone position. W don't

know the azinuthal position of the thermacouples.
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Also the interior of the rodis boron nitride-filled.
So you tend to smear out azinuthal differences.

DR.  SANJOY: But you are getting the
i nconnel tenperature, right?

DR. HOCHREI TER: The i nsi de t enper at ur e of
t he cl adding i s measured.

DR SANJOY: So sone of it is --

MR. SCHROCK: Larry, how did you expl ain
this quench that occurs and persists for 20 odd
seconds down here?

DR HOCHREI TER: Big drop, big drop.

MR. SCHROCK: Well, | can see it is abig
drop, but what is going on there, how does the steam
suddenly go to saturation well --

DR. HOCHREI TER: The steam doesn't, the
st eam doesn' t.

MR SCHROCK: What is that?

DR. HOCHREI TER: The thernocoupl e does.
A drop hits the thernmocouple and quenches it. The
steam tenperature is up here.

CHAI RMVAN WALLIS: Is there one drop for
t hat whol e peri od?

DR. HOCHREI TER: It could be nore than
one.

DR. RANSOM VWhat it looks like is an
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inverted annular flow, alnobst, over the nass
concentration of liquids nore in this channel

DR. HOCHREI TER: No, you j ust got hamrered
by a bunch of drops.

DR. RANSOM Well, that is what | said.
But essentially inverted annul ar fl ow, where you have
a hi gher concentration of liquidin the center of the
channel .

DR. HOCHREI TER: Ri ght, you have nore
dr ops.

DR. RANSOM That is right.

DR. SANJOY: But it could beliganments, it
coul d be anyt hi ng.

DR HOCHREI TER: | don't think so, not at
this time.

CHAl RVAN WALLI'S: Is this just downstream
of a spacer?

DR. HOCHREI TER: This is at 100 i nches, so
this is downstream of a spacer

CHAI RVAN WALLI S: So you've got drops
com ng off the spacer, preferential streaks?

DR. HOCHREI TER: Yes, but it is pretty far
downst ream of the spacer.

MR, SCHROCK: So it | ooks as though there

is not much liquid getting to that |evel until a
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little bit after 200 seconds. Then all of a sudden --

DR. HOCHREI TER:. Well, this I think, the
fine hash, here, | think is liquid.

DR. RANSOM 25 seconds is a long tine.

DR HOCHREI TER: That is liquid com ng.

DR. RANSOM But there is a precipitous
change at 210 seconds, or sonething |like that.

DR. HOCHREI TER: Right. Well, there is
one here, too.

DR RANSOM Well, that one is short.

DR. HOCHREI TER: Yes, but this is |iquid.

DR, RANSOM  Sure.

DR. HOCHREI TER: All of this is liquid,
[ iquid, but whanmo, you got hit, you try to recover,
you got hit again. You try to recover, you got hit
agai n.

CHAl RVAN WALLI'S: It got really soaked for
a long tine.

DR HOCHREI TER: Yes, try to recover, got
hit again, and slowy dried out, okay? Al nost got
here, but you got hit again. And, finally, you dried
up.

Now, the steam tenperature, what we are
concerned about is the steamtenperature. This is not

the steamtenperature. The steamtenperature i s up
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her e.

That is what | said, you draw an envel ope
over these spikes, that is about the best you can do,
okay? That is the best you can do.

So if your code cones al ong and predicts
t he tops of these, down to here, you are doing a real
good j ob.

DR SANJOY: But you don't even know if
the top is the steamtenperature.

DR. HOCHREI TER: No, but it is the cl osest
thing to the steam tenperature.

DR SANJOY: Yes, but the code doesn't
have to predict it because, in fact, it may be hal f way
to the steamtenperature, it could be the full way,
you don't know.

DR. HOCHREI TER: If the code is predicting
a tenmperature down here, it is wong.

DR. SANJOY: That is wrong, yes.

DR HOCHREI TER: But if the code is
predicting a tenperature here, it is wong. If it is
predicting a tenperature up here it is wong.

DR. SANJOY: Maybe.

DR. HOCHREI TER No, it is wong. | mean,
this is probably hotter than the rods.

DR. SANJOY: wll, we don't want to do
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t hat .

DR. RANSOM Larry, if I --

DR. HOCHREI TER: It has to be in the
vicinity of this data.

DR. RANSOM Larry, other investigators
have used a shiel ded thernocouple that nore or |ess
kept the | iquid away fromthe t hernocoupl e so you nore
or | ess neasure the steamtenperature. Wuld that be
worth trying?

DR HOCHREI TER | did try that, and what
happens is you have a |larger target, because it is
shielded. So you get nore liquid hitting it.

DR RANSOM In a cold shield?

DR. HOCHREI TER: That is right. | tried
aspirating these things, where you cut holes in the
sides so the steam magically flows through, and it
flows out the top. The steamdidn't know that, and
the water just hit it.

So, really, | really think the best thing
are as small as you can get them the thernmacoupl es.

CHAI RVAN WALLI S: Well, let's let the
radi ati on now, when the guy is in the gap, you' ve
actually got nore rods than you show there. It is
| ooki ng sideways, it sees a |ot nore view factor of

rods than it does in the other cases, nore heat | eak
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by radiation in the single Iight case.

DR. HOCHREI TER: | think the argunent
woul d be, | nmean, this sees nothing but a sea of rods.

CHAI RMAN WALLIS: Does it? It sees the
out si de worl d | ooki ng strai ght down, and strai ght up,
and straight sideways. Mre southeast and west, it
sees space.

MR. SCHROCK: But his scaleis m sl eading
because t he actual cl earance betweentherodsis quite
smal | .

CHAl RVAN WALLI S: At least it would
expl ai n the quenchi ng.

DR HOCHREI TER: This is very true, we
have not done that, that is one of the things that we
have to dowith this data. Because this actually goes
back to -- | don't think | wanted to do that.

CHAI RVAN WALLIS: | think if you | ook at
a lot of details you are going to find so many of
t hese anonal i es.

DR. HOCHREI TER. Yes, but this goes back
to, | think, what Dr. Schrock was saying, in terns of
t he accuracy of the data. You have t he accuracy of the
instrunentation, but you have a l|large uncertainty,
which is really inposed on the data.

And the radi ation effects in here are one
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of them This behavior is another.

CHAI RMAN WALLI'S: Is this consistent at
different locations? | nean, if you went to 125
inches you mght find the story was reversed.

DR. HOCHREI TER: W only ran this one
test. We did not run other tests. W talked about
t hi s and deci ded t he nost representative place for the
t her macoupl es for these st eamt enper at ur e measur enent s
was nore into the center of the subchannel because you
are, in effect, sanpling a larger fraction.

CHAl RVAN WALLIS: If that is true of all
| ocations of the probe.

DR HOCHREI TER: | can't answer that.

MR, SCHROCK: You' ve got sone apparent
recovery times that are al nost unbelievable, | think.

DR. HOCHREI TER: Wel |, the scal e, though,
is -- look at the scale.

MR SCHROCK:  Yes.

DR HOCHREI TER: The sanpling tine is --

MR. SCHROCK: Have you cal cul at ed what t he
recovery tinme ought to be?

CHAI RVAN WALLI S: The trouble is swept
away very quickly.

DR HOCHREI TER: Well, it is also foll owed

by a burst of superheated steam
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CHAI RVAN WALLIS: But it is swept away,

right?

DR. HOCHREI TER: Yes. Again, |ooking at
the drop -- |'m skipping ahead. This is the drop
data. Again, this is a 40 PSI test. This is bel ow
the grid, and you have a nean of .025 inches.

DR. SANJOY: Wiy is there so nuch nore
scatter here, than the other one?

DR. HOCHREI TER: | don't know. And this
is above the grid. | think the grids are shaping the
drop distribution. Now, | did not think about drops
aggl onerati ng dowmnstream of a grid, okay?

| don't knowif that is happening at all,
or not. But, clearly, when you are passing through a
grid, you are tending to, | think, to shape the
di stribution.

CHAI RVAN WALLI S: That is a very big drop
on the right-hand tail, there.

DR HOCHREI TER: Over here?

CHAl RVAN WALLI S:  Yes.

DR. HOCHREI TER: It is probably too big.

DR. SANJOY: The canera didn't reject that
one?

DR.  HOCHREI TER: No, but it probably

shoul d have.
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DR. SANJOY: Ten to the m nus one i nches,

one-tenth of an inch.

DR. HOCHREI TER: This would still be
wi thin the subchannel.

DR. SANJOY: | thought you said it was
. 122 inches, your subchannel? | mean, your canera
woul d reject anything --

DR. HOCHREITER:. So this is .01, this is

DR. SANJOY: Onh, okay.

CHAI RVAN WALLI S: But still a .05 inch
drop is pretty big.

DR HOCHREI TER: Fifty mls, yes.

DR. SANJOY: Howmany mllinetersis that?

DR. HOCHREI TER: A little nore than one,
one and a quarter.

Now, one of the questions that was asked,
| think by Dr. Banerjee, what are we learning that is
new? This is the kind of data we got in FLECHT
SEASET, okay?

This was taken with high speed novie
caneras, which nostly failed, because we ripped the
filmapart. You take 400 feet of this filmat 2000
frames a second. This was a successful test, we got

101 drops.
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We then paid an enpl oyee to basically go
frame by frame, shining this on awall, paying for the
changes in his eye prescription, as he woul d count the
drop sizes, and we would get distributions that are
sonething like this.

CHAl RVAN WALLI'S:  Not so different from
what you got now.

DR HOCHREI TER: No, it is really not that
different. Except now we get a |lot nore data for a
| ong period of time. This is only for six seconds,
okay?

DR. BAJOREK: Yes, but we are al so going
to be able to get it above and below a grid for
conpar abl e fl ows.

DR HOCHREI TER | think that was alittle
bit out of order. But here were, again, the axia
profiles for this test. Again, these are the grids.
| have the grid wall tenperatures plotted here.

Here i s one of the grid wall tenperature.
So this is indicating that part of the grid is still
hot, part of the grid is wetted. Mst of the tine,
particularly at this time, when the quench runs at
this elevation, the grids have wetted.

And then you see the sawtoothed curve

t hat you get fromthe heat transfer performance of the
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grid.

CHAl RVAN WALLI S: Again, that is reversing
steam probe in certain locations, it is really cold.

DR. HOCHREI TER: Yes, you have one
t her nrocoupl e quenched here, the other two are okay.
These are all together, together, together, this one
is quenched, this is at the end of the bundle, these
are all together.

DR. SANJOY: That is a snapshot it tine,
right?

DR HOCHREI TER: That is correct.

DR. SANJOY: So one could be quenched.

CHAI RVAN WALLI'S:  So expl ai ning this may
be harder than getting the data.

DR. HOCHREI TER: Boy, | hope not. Now,
contrast that to an axial tenperature distribution
from FLECHT SEASET. This is tenperature versus
el evation, this is the behavior. And you don't really
see a spacer grid effect.

Now, the bundle was not instrunented
specifically to look for it. Soit isreally not too
surprising that you don't see it. But the spacer
grids that are in these tests are very sinple grids.
Hal f the bl ockage that these grids are.

But you have to instrument it tofindit,
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and that was not done, because it wasn't considered
t hat inportant.

CHAI RVAN WALLI S: The agency is going to
have to decide what kind of code assessnment is
appropriate for this sort of data.

DR. HOCHREI TER. Wel |, what woul d be very
interesting to me woul d be, if soneone predicts these
tests very well, okay, with the codes. And then
predicts these tests very well.

DR. BAJOREK: And predicts FEBA Test 223
and 234, which were conparabl e tests, where they took
a grid in and out.

DR HOCHREI TER W th or without a center
grid. If you are going to predict this test, you are
going to have to have a spacer grid nodel in there,
that is going to sonehow recogni ze this geonetry.

And then to predict these tests, you are
going to have to have a spacer grid nodel in there
t hat sonehow recogni zes the FLECHT grid geonetry.

DR. SANJOY: You'd have to do that for the
pressure drop, anyway, it is for sonme | oss factor, or
somet hi ng, right?

DR HOCHREI TER:  Yes.

DR SANJOY: So, | nean, it could be

related to that.
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CHAI RVAN WALLIS: Who is going to do this

wor k?

DR. HOCHREI TER: Look at all those hands
flying.

DR. BAJOREK: We will be doing that, that
will be the staff.

CHAl RVAN WALLIS: WII | still be on the
ACRS when you finish?

DR. BAJOREK: How many nore years are you
going to be doing this?

(Laughter.)

DR. HOCHREI TER: Now, what St eve
i ndicated, currently what is planned to do in the
program is do sone interfacial drag experinents over
a range of flows and powers, and pressures.

This is to be used to aid in the nodel
devel opnent for advance plant audits that the Staff is
doing right now W are presently installing a steam
boiler, actually Penn State is doing this for the
program and then we wll run steam cooling
experinments with and wi thout droplet injection, to
create, basically, steady state di spersed flowof film
boiling tests, where we can decoupl e the problemfrom
t he quench front.

The steamcooling tests will al so give us
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a reference convective heat transfer.

CHAl RVAN WALLI'S: It will be interesting
to see how steady your steady state is.

DR HOCHREI TER: Well, that is true, that
is true, because this is not going to be
strai ght f orward.

Once these are done we wll also be
| ooking at nore severe reflood tests with variable
flow rates, higher tenperatures. Again, the higher
tenperatures are primarily to drive the grids to a
hi gher superheat tenperature for a |onger period of
time. Really, to address the point that Dr. Schrock
br ought up.

And then there has also been tal k about
doing top down film boiling experiences. But this
part of the plan is pretty nuch agreed upon.

CHAI RVAN WALLI'S: What is a top down film
boi I i ng experi ment ?

DR. HOCHREI TER. These are tests where you
woul d actually bring the flowin fromthe top, and it
woul d sinmulate the reverse flow period at the end of
bl omdown. It is still dispersedfilmflowboiling, but
you now have a reverse flow.

And this is typical of, certainly, nost

four-1oop plants, where you get a reverse flow as the
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pressure is com ng down during bl owdown. Now, we
can't goto really high pressures, we can only go up
to maybe 60, 70 feet, but at |east we can capture the
effect.

DR.  SANJOY: That is at fairly high
pressure, that happens?

DR. HOCHREI TER: Well, it istypically 100
PSI, and we are not going to be able to get to 100
PSI .

DR. MOCDY: You woul d do those on the sane
geonmetry?

DR HOCHREI TER:  Yes.

DR. RANSOM Larry, what do you expect to
get out of the droplet injection test? You want to
get a steady state, is that the idea?

DR. HOCHREI TER: Yes. And | specifically
want to get very detail ed subchannel vapor tenperature
measur enment s.

It is doubtful that we can nove the canera
around during atest, because this -- it is very, very
delicate. You have to set this thing up very -- I'm
not going to say, set it up and fix it very hard.

And we've observed that as you heat the
facility up the bundle can twi st. And, renenber, you

are only looking through the gap. So the area, the
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vi ewi ng area can change.

So we've had to conme up wth an
arrangenent, basically, lets the canera flow to nove
wi t h t he housi ng as nuch as possible. But if we could
get somebody to gi ve us some nore noney, we coul d put
nore of these caneras in different positions.

But it is a very expensive system \en
we purchased it, it was approximately 70 to 100, 000
dollars. But it has really given very good data.

DR. RANSOM So you just have one w ndow,
where you can take --

DR. HOCHREI TER: No, we have wi ndows -- we
have a total of six --

DR. RANSOM You only have a camera at one
of the wi ndows?

DR. HOCHREI TER: We only have a canera at
one of the wi ndows. Now, what we did in the refl ood
test is we noved the canera, repeated the test
condi tions, and we would do the sanme thing here.

So what you are relyingonis the ability
to reproduce the conditions test to test, and then you
nove the canera at different el evations.

MR. SCHROCK: |s your canera working full
frame? |s the image on the filmoccupying the whole

frame?
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DR. HOCHREI TER Yes. In fact you get two

subchannel s, or two gaps. So you have -- it sees a
rod, and then sees a gap on either side of the rod.
And that is about as much as we can open it up, and
still get the resolution we want to get.

CHAl RVAN WALLI' S:  How many drops does it
see at a tinme, is it just one?

DR HOCHREI TER:  No.

CHAl RVAN WALLI'S:  Several, none?

DR HOCHREI TER: | don't know what you
nmean.

CHAI RMVAN WALLI S: Well, you' ve got an
exposure, once you get an exposure and the thi ng zaps.

DR HOCHREITER: It will take a scan. You
will basically put it in a thousand by a thousand
pi xel plate, if you think about it as a plate. And
then it counts all the drops.

CHAI RVAN WALLI S: But isn't it like a
flash photograph in digital fornf

DR HOCHREI TER: I n a sense, yes.

CHAI RVAN WALLI S:  But the short exposure,
and zap --

DR. HOCHREI TER: Yes, very short, vyes.

CHAI RMAN WALLI S: -- and then you get sone

bl obs here and t here?
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DR. HOCHREI TER: And you count them and

you reject some, and you count them and they go into
a bin, you ve a bunch of bins that are set up. Then
you j ust keep counting, and you keep filling the bins.

CHAl RVAN WALLI'S:  The nachi ne can count
t henf

DR HOCHREI TER:  Yes.

DR. BAJOREK: Larry, isn't it that it
takes two frames very cl ose together --

DR HOCHREI TER: That is for velocity.

DR. BAJOREK: Yes, to get the velocity,
but it al so gauges whether the droplet is comng at
you, because based on the blurb between the two
phot ogr aphs, or whether you have one that is noving
with the stream that is howit is screeding those
out ?

DR. HOCHREI TER: Well, but that is for
vel ocity node. When you do exactly what Steve said,
for getting the droplet velocity, we've gotten sone
vel ocity neasurenents, but we found that there was a
pr obl em

W were not getting accurate drop size
neasur ement s when we put the canera into the velocity
node. So we opted for getting accurate drop sizes.

When we | ooked at the droplet velocity data that we
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were getting, it was actually all over the place.

CHAI RMAN WALLIS: All over the place?

DR. HOCHREI TER: Yes, there was no rhyne
or reason.

CHAl RVAN WALLI'S: Vel ocity i s an i nportant
variable in the code.

DR HOCHREI TER: | understand that, but it
was a cloud. This may have been because we were
downstream of a grid.

DR. SANJOY: You weren't getting enough
separ ati on?

DR. HOCHREI TER: No, | think we were just
getting a wide range of velocities.

CHAI RVAN WALLI' S:  That is that true? rue.

DR. HOCHREI TER: A very w de range of
vel ociti es.

DR. SANJOY: Well, it would be turbul ent.

DR. HOCHREI TER: It could be. But | think
downstream of grid accented that problem okay? And
then we had this, again, problemwth the software.

CHAl RVAN WALLI S: It was telling you
somet hi ng very inportant.

DR. HOCHREI TER: | agree. And one of the
things that we are goingtodois fix the systemso we

can get better velocity data, as well as drop size
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dat a.

MR,  SCHROCK: You get kind of density
waves, you have wetting on the thing that sweeps the
batch of water off, and --

DR HOCHREI TER:  Yes.

MR. SCHROCK: -- high density two phase
m Xt ure goes sweepi ng downstream You see that go by
rather left to <chance as to what you are
phot ogr aphi ng.

Are you getting -- and then the drops in
this tine period between those sweeps probably
smal |l er, and noving at |ower velocity.

DR HOCHREI TER: That coul d be.

MR,  SCHROCK: But | think that the
pul sating nature of it is probably inportant.

DR. HOCHREI TER: Well, like | said --

VR. SCHROCK: -- heat transfer
characteristics.

DR. HOCHREI TER: Well, it depends on the
frequency. But the flow is unsteady. | mean, you
can, you set up steady boundary conditions, but the
flowis still unsteady, okay? And that is not going to
change.

Some of the problens we had was that we

woul d get oscillations that were superinposed on,

NEAL R. GROSS
COURT REPORTERS AND TRANSCRIBERS
1323 RHODE ISLAND AVE., N.W.
(202) 234-4433 WASHINGTON, D.C. 20005-3701 (202) 234-4433




10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

169

again, this unsteady flow. And they were really due
tothe facility. So we had to, basically, figure out
why. And we threwa | ot of data away because of that.

Now, what |'m hoping here, when we do
t hese droplet injection tests, we have to be carefu
because | don't want flashing to occur in these
i nj ectors. But | also don't want condensation to
occur, such as the pressure takes a dive.

So these are going to be pretty delicate
to set up. You would like the water to cone out of
these injectors saturated at the system pressure.

DR. MOODY: You nmade quite an argunent
about that, and | thought Iiquidjets breakingupinto
the range of droplet size. You also said sone
intriguing things about this canmera you used.

| t takes pictures on a regular
phot ographic fil n®

DR HOCHREITER: It is a digital canera.

DR MOODY: It is a digital canera, |
nmean, you are getting --

DR. HOCHREI TER: This stuff gets storedin
the software, and you are probably asking for nore
detail than I can answer.

DR. MOODY: It was just a curiosity point.

So you get areally fine resolution?
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DR HOCHREI TER: It does.

MR, SCHROCK: It gives you a very clear
pi cture, 1000 by 1000.

DR. HOCHREI TER: And we calibrated this,
like |l said, onamlling machi ne, and we had, | think
they are called rectals, they are |i ke pi eces of gl ass
t hat have known i mages machined in them of different
sizes, so we could get a calibration curve for the
canera system

DR MOCDY: Which one threw the film
apart? You nentioned sonethi ng about --

DR. HOCHREI TER: Those were high speed
novi es that we took 20 sone odd years ago, as part of
t he FLECHT SEASET program

DR. MOODY: (kay.

DR. HOCHREI TER: And you could only put
400 foot roll of filminto these. These are high cam
canmeras, and nost of the tinme you basically destroyed
the film

DR. SANJOY: That is not always true.

DR. HOCHREI TER: Most of the tines we
al ways destroyed the filns, because we didn't do a
very good j ob.

CHAI RMAN WALLI'S: Because it is going so

fast, it is the mechanical forces on the film
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DR HOCHREITER: It rips it apart.

MR. SCHROCK: Well, that is the design.
| mean, the filmis a tape that rotates the prism |
nean, it is like a belt drive.

DR. HOCHREI TER. Well --

DR. SANJOY: |If you get it up too fast it
rips.

CHAI RVAN WALLI'S: So you are going to go
t hr ough your concl usi ons now?

DR. HOCHREI TER: Yes, sorry. W think we
have constructed a facility whichis flexible. It is
| ow pressure. W've added seven new features to the
facility. W've tried to take advantage of,
basically, thel essons | earnedin previous reflood and
ot her two-phased fl ow experinments, and enhanced the
instrumentation inthe facility, and the data that we
can generate fromthe facility.

And t he t est s have been basi cal | y desi ghed
to provide answers for code nodel devel opnent, as
opposed to address licensing questions.

The FLECHT SEASET program was really
designed to address licensing issues. So you would
run tests up to 2,200 degrees fahrenheit and, of
course, you destroyed your heater rods doing that.

W are not doing that in this test
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program W are specifically designingexperinentsto
give us data that can be used to either verify or
devel op conponent nodels which would go into an
advanced code, |ike TRAC-M

And we have been wor ki ng hand i n hand wi th
the NRC. In fact, the conditions for our experinments
basically cone from the NRC. So the idea here is
basically to i nprove the nodels in the NRC codes, and
then the NRC codes wll be wused for audit
cal cul ati ons.

And | think there really is a need for
this, because these days, again, the vendors are
pushing the envelope in terns of allowable peak
cl addi ng tenperatures, and kilowatts per foot.

CHAl RVAN WALLI' S:  What i s t he neasurenent
of inprovenent, reflood nodel s?

DR. HOCHREITER. If they can match this
data and previ ous data.

CHAI RVAN WALLI S: They measure this in
terms of |ess uncertainty, or |ess scatter, or sone
nmeasure of deviation within the experinent?

DR. HOCHREI TER: Yes, |ess uncertainty.

DR. SANJOY: The answer to the questionis
that you are getting better droplet data, that is one

of the main things, conpared to previous experinments?
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DR HOCHRElI TER: Better steamtenperature

data, better void fraction data. Well, consider what
is there. Better nass flow and mass bal ance dat a.

CHAI RVAN WALLIS: It may nmake you nore
confused about the theory, so the theory could,
eventual ly, end up being --

DR. HOCHREI TER: Well, clearly, | don't
knowif we've done it a disservice, or what, but these
have an effect, and nost codes don't nodel it.

MR SCHROCK: Well, | think there is no
guestion that you' ve proven that those things have an
ef fect. | worry about the fact that the data are
still being collected fromthe vi ewpoi nt of bei ng abl e
to get sonme kind of time averaged information about
drop size and distribution.

Wher eas what you see inthe novie that you
showed us, is a pulsating flow. And the effect of the
pul sation is not being addressed.

DR HOCHREI TER: Not trivial.

MR. SCHROCK: And | thinkit isinmportant.

DR. HOCHREI TER: These fl ows ar e unst eady.
| mean, like |l said, yourun the tests as bei ng st eady
state, or quasi-steady state. But the flowitself is
unsteady. That is not going to change.

DR. KRESS: It doesn't look like it is
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hi gh, near your --

DR. HOCHREI TER: It is steadier as you go
up the bundle.

DR KRESS: Yes.

DR. HOCHREI TER The nost unsteady porti on
is going to be right at the quench front, | would
agree with that.

DR. KRESS: But that woul d be i mportant to
determ ne the drops.

DR HOCHREI TER: Because it determ nes the
liquid fractions carried up.

DR. MOODY: The spacers are terribly
significant, you nentioned. And as far as sonething
you said, several tines, that the droplets really
break up as they go through t he spacers. Wat is your
current thinking of the mechani sns, causes of breakup?

DR. HOCHREI TER: Well, there is separate
effects data that we | ooked at. And, again, this is
roughly 20 years ago, because we put in droplet
breakup nodels in the COBRA/ TF.

We did this as part of the FLECHT SEASET
program And we ran little bench tests at Carnegie
Mel I on, where we took a blow torch and heated up a
grid strap, and we dropped drops on it, and measured

t he chattering of the drops, and we neasured the drop
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Si zes.

And we ran tests for different thicknesses
of the strap, different dianmeters of the drops. And
we devel oped, basically, a correlation for this. And
it was in ternms like Dr. Ransom said, the Wbber
nunber, droplet Webber number.

And that nodel went in the COBRA/ TF, and
that was used as part of the FLECHT SEASET program
when we |ooked at evaluating the effect of full
bl ockages, and spacer grids. But these were sinple
grids, because there was no data on this type of a
geonetry.

DR. MOODY: That is primarily a velocity
effect then, isn't it, that causes a breakup?

DR. HOCHREI TER: |f you get dropl et Webber
nunbers, | think, greater than 80, you would start to
shatter drops. And this was consistent wth
nmeasurenents that people had taken where they woul d
drop drops on a heated surface, and then photograph
what woul d happen.

| f the dropl et Webber nunber was snall er
than that, you would basically bounce, the surface
tension could hold the drop together. But when you
had a sufficient inertia, the drop had sufficient

inertia, you would hit the surface, the drop would
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shatter into a popul ation of small droplets.

DR. MOODY: Thank you.

MR. SCHROCK: | would like to ask you to
cal cul ate HA over MC for your thermacouples, and tell
us what it is, sone tine.

DR. HOCHREI TER: kay.

DR.  RANSOM | have a couple of quick
questions. \What are your plans for preserving this
data for future use? And the reason | ask that
guestion is a lot of the reactor safety data is
starting to disappear because of the way it was
stored, and preserved in the past.

The second one, is this gravity-fed?

DR. HOCHREI TER: No, these are forced fl ow
tests.

DR. RANSOM Forced flowwi th a positive
di spl acenment punp, or --

DR. HOCHREI TER: Actual |y what we di d was
we had a pressurized tank that we would inject the
flow, using a pressurized tank.

DR. RANSOM But how do you maintain a
constant flow rate?

DR. HOCHREI TER: W have a flow control
val ve.

DR. SANJOY: But that brings up the point
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of --

DR. HOCHREI TER: Let me go back and answer
his first question. In the contract we have to
supply, to the NRC, this data on CDs, which they wll
put into the data bank.

DR.  SANJOY: But that brings up the
guestion that many situations you have, essentially,
gravity fed systens, where you do get strong
osci |l I ati ons.

DR. HOCHREI TER. Ri ght.

DR. SANJOY: And a lot of the phenonena
change with the oscillations, because you -- thereis
ligaments of liquid behind --

DR HOCHREI TER: It goes all the way up

DR. SANJOY: -- and then it goes whoosh,
out . The entrainnment conpletely changes with the
oscil I ati on.

DR. RANSOM  Well, | notice you have a

downconer, well you have a downconer in the diagram
you have in this report. | was wondering if you plan
to use that? Yes, short an external downconer?
DR. HOCHREI TER: Not at the present tine.
DR. KRESS: These oscillations that you
see always tend to delay the tinme in which you have

t he peak clad, and actually lower it. So if you had
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correlations that didn't have those in it, you would
still be sonewhat conservative, | think, in ternms of
regul atory space.

So | don't know how inportant it is to
actually get those kinds of oscillations.

DR. HOCHREI TER: |'ve seen nixed bag on
t hese. The oscillations can help vyou, the
oscillations can hurt you.

CHAl RVAN  WALLI S: | can see sone
sophi sticated vendor coming in and saying, we've
desi gned our systemto have oscillations at rmuch | ower
peak clad tenperature.

VR. SCHROCK: Therefore we are
conservative, and therefore okay.

CHAI RVAN WALLI'S: Maybe it is tinme to go
back to Steve? Thank you, Larry, that was very
i nteresting, indeed.

DR. SANJOY: We should really visit sone
of -- why didn't we visit the facility?

DR. HOCHREI TER: More than welcone to
cone. | would not cone on a home football weekend
unl ess you want to stay here and then drive up.

DR. BAJOREK: Well, originally that was
our plan, to have this neeting up at Penn State. But

the problem there was budgetary. The Staff wasn't
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able to continue the programat the end of the year.

There i s a continuing resol uti on now t hat
is preventing us from continuing sone of these
prograns and initiating new ones.

MR. BCEHNERT: And it is also inpacting
our travel budget, too.

MR. SCHROCK: Well, isit plannedto doit
in the future?

DR. BAJOREK: | hope so, yes. | think it
is a lot better to see the facility, rather than
| ooking at the novie, and the confusion, is that a
light, or is that a rod? You know, seeing it first-
hand.

And al so, you know, | thought it was very
informative to look at the output from the |aser
canera, and the output froman optical canmera at the
sane tine.

And what was very interesting is that the
| aser canera seenmed to be picking up alot nore. And
you can watch that, and when sonebody says, the
carryover for action is about 75 percent, yes, you
al nost see that in the novies itself, even though you
| ook at a nmeter, or Ralph can help us out with that
and show us, yes, you are still sitting up there well

above anybody's estimate of T-min, while you are
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seeing all of these droplets.

CHAI RVAN WALLI S: Now, if you could
neasure velocity, as well as population, you could
t hen cal cul ate flowrate, and conpare it with the fl ow
rate, and --

DR. BAJOREK: Right, we are getting
carryover, you are getting the carryover fromthat,
you know what you are putting in, you are separating
it, so you are getting a steamflow rate com ng out.

Now, if you get to the droplet velocities
above the grid, okay, we are goingto get therelative
velocities, and that is going to help us get at the
interfacial heat transfer part of this.

DR. HOCHREI TER W are going to try to
get that software fixed. But we've discovered this
during the testing. And the vendor said, yes, you
shoul d have these upgrades, which only cost unpteen
dol I ars, which of course we did not have, and we have
to send back a canera, and the conputer system which
nmeant we woul d have to stop testing. So we opted to
test.

DR SANJOY: Were Those Oxford | asers?

DR. HOCHREI TER: Yes, you are famliar
with the sane spiel?

DR KRESS: As | renenber the cal cul ati on,
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t hose droplets reached term nal velocity very fast.
So that if you know the steam velocity, and the
dropl et size distribution, you could nake a pretty
good estimate of the distribution of velocities.

And that may be a nechanism for

aggl oneration. They have different velocities, the

dropl ets did.

DR. BAJOREK: I think the question a
coupl e of hours ago, what have | |earned here today?
First, there is still a lot of work to do.

Most of this data that Larry was tal king
about wer e obtai ned June, July, and August. And there
hasn't been a trenendous opportunity to conpare these
to previous results, conpare it to one test to the
other, and a lot of it has been sorting out are these
tests valid, | nean, are they good, of the type of
quality that we expect to get?

And our conclusion right nowis yes. W
are seeing a lot of interesting things in the data
t hat we don't have an expl anation for, at this point.
But that is where kind of the fun begins.

Now, | think interms of things that we've
t al ked about today, that we need to incorporate, and
work into this overall project, the first one | would

characterize as bias and uncertainty.
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| think the questions that we've had a few
times now, if we change a reflood nodel, how do we
know we are getting any better? | think we owe it to
you to define, in nuch better ternms, what nodels we
are focusing our attention on, and as we start to
tinker with sone of these knobs in the code, are we
havi ng an effect?

And | think the only way of doing that is
t aki ng the nodel s we have now, obtaining a bias and
uncertainty fromsomne prelimnary assessnents, nmaki ng
t he changes, and hopefully you are going in the right
direction, and then bias is becom ng smaller, and the
uncertainty |ikew se dropping.

| think we --

DR. MOCDY: Can you meke copies of this
for us?

DR. BAJOREK: | guess. We think it is
very clear that the spacer grids, their design
differences, and their effect on the transient, are
key. This is really what is dom nating the vapor
tenmperatures, the clad tenperatures.

And in ternms of nodel devel opment, ny
suggestion is that this be given one of the top
priorities. TRAC Mdoes not have spacer grid nodels

at thistine. And it is clear that we've got to take
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this data, the egg crate data from FLECHT, where you
can see a little bit nore of the di ps downstream of
t he rods.

So 318.05, | think, was too high a
tenperature to see sone of those. But that in FEBA it
tried to devel op spacer grid nodels that will help
give us this change in droplet size, as we go up the
bundl e.

CHAI RVAN WALLI S: What do t he vendor s have
for spacer grid nodel s?

DR. BAJOREK: The Westinghouse nodel, |'m
just trying, | want to make sure |' mnot giving away,
this is an open neeting, and | don't want to gi ve away
proprietary nodels.

CHAI RVAN WALLI S: But they do have spacer
grid nodel s?

DR. BAJOREK: Yes. | put that into the
COBRA TRAC. It was based on t he Carnegi e Mel | on dat a,
it does take a | ook at the droplet size comng to the
grid, and howit would break up as it passes the grid.

But we need to get that capability in
TRAC- M Now, one of the things that | also was
t hi nki ng about, as we went through the presentation
today, we are getting a | ot of very good infornation

on the dispersed droplet filmboiling type of regine,
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what the grids are doing to things.

We are going to get better information
down near the quench front, and that is where these
nore detailed DP cells are going to help us quite a
bit.

W' ve got to think and be fairly clever,
as we are going through additional tests, and
eval uating these, on how we can identify inverted
annul ar flow, and what is the flow, excuse ne, the
heat flux split near the quench front.

That has been a naggi ng probl emi n some of
t he refl ood nodel s. Because what we need, in order to
get our nodel correct at the PCT | ocation, we have to
know how qui ckl y we eat up the vapor very close to the
guench front.

MR SCHROCK: What does | VA nean?

DR BAJOREK: Inverted annul ar.

MR. SCHROCK: And g-double-prine split,

you are tal king about -

DR BAJOREK: Heat fl ux.

MR. SCHROCK: -- heat flux to liquid, and
heat flux to vapor?

DR, BAJOREK:  Yes.

CHAI RVAN WALLIS: There was very little

that Larry said that helped ne with the inverted
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annul ar, he is tal king about droplets and all that,
that has nothing to do wth inverted annular,
supposedly the liquidis in the mddle, and the film
is on the wall.

This is only a very short | ength of the --

DR HOCHREI TER: Yes, but we ran tests at
si x inches a second.

CHAI RMAN WALLI S: Ri ght.

DR HOCHREI TER: So we do have that dat a.

CHAI RVAN WALLI S:  Ckay.

DR. BAJOREK: So that data is in there.
We need to think nore in ternms of how we --

CHAI RMAN WALLI'S: You didn't show us t hat

t oday?

DR HOCHREI TER:  No.

CHAl RVAN WALLI S:  Why?

DR HOCHREI TER: Wiy didn't | show you
t hat ?

CHAI RVAN WALLI S: 1" massum ng because it
wasn't any good.

DR HOCHREI TER: No, that is the wong
assunpti on.

DR. KRESS. It was too good to be true.

DR. BAJOREK: Actually they are very good

inthat you get the inverted annul ar fl owregi ne, and
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it is persistent over a very long period of tine.
FLECHT 317-01, which is the one a | ot of peopl e use,
get crunched in the 20 seconds.

But I thinkinyour test, Larry, it stayed
i nverted annul ar for a couple hundred seconds?

DR HOCHREI TER: That is correct.

DR BAJOREK: So they aren't as fun as the
di spersed dropl et because with all that water, those
probes quench right away. And we haven't gotten to
t he point of trying to evaluate the DP cells, and what
there m ght be sone type of a void distribution.

Just, you know, to el aborate on a couple
of points. Wen, and we owe you this, |I nmean, we have
to develop this. Wen | say bias and uncertainty, one
of the things that | want to recognize is that
previ ous refl ood experinents had the idea that, hey,
if you knew VIN, your flooding rate, you would
essentially be interested in what would be the heat
flux fromthe rod, because i n your code assessnent you
woul d 1 ook at the predicted versus neasured.

And in sone cases you see vendors say,
well, my biasisinterns of a delta PCT. And | think
as Larry nentioned, if you do it that way, you really
cover over all the processes. You may get the PC

right, but you haven't a clue whether it was because
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there were conpensating errors through your
cal cul ati on.

As we go through the devel opnent of what
we are going to call these mechani stic refl ood nodel s,
what we need to do is to break these into as many
i ndi vi dual conponents as we can, | ook at the nodel s we
have now, | ook at the ones we intend to devel op, and
try to determne bias and uncertainties for things
i ke conponents of the heat flux below the quench
front; conmponents of the film boiling heat flux up
near the PCT |ocation, how nuch was convective, how
much was due to a convected enhancenent with the
droplets, if thereis any drop to wall inpaction try
to characterize that.

| think a very, very inportant aspect, as
Larry pointed out, is what is the entrainnent rate at
t he quench front, and how nuch of that, eventually,
gets carried over out of the bundle.

Very smal | deltas in howyou predict that
can have a very drastic inpact on your steam
t emperatures higher up in the bundle. And | think as
we saw fromthe spacer grids, we need to be able to
characterize what is the variation of dropl et size, as
it approaches and passes through a grid.

CHAIl RVAN WALLI'S: It seens to ne that you
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need a full time analyst at NRC doing all this?

DR BAJOREK: In fact we do have one
person right now, his mssion is to start putting
these interimrefl ood nodels into the code. But it is
a full time job just putting those in.

And over the course of, probably, the next
year characterizing these in setting things up,
hopefully, in an automated way that we can get sone
qguanti fied neasures.

CHAI RVAN WALLI S: So you are short of
hopi ng that the nechanistic nodel is going to be a
fair representation of what is going on. And that is
sonmet hing we don't really know yet.

There may be nechani sns which we don't
know how t o nodel yet, that should be in the code. It
is not just building on sonmeone's fantasy of what
happened there 20 years ago. There is a lot nore
i nformati on now. So you may have to change your
t hi nki ng about sone of the nodels.

DR. BAJOREK: | think that is why we need
to |l ook at the data, and devel op sonme new f ant asi es on
what we see in there.

And | think, as | nmentioned, we think in
ternms of what we've seen, the tests that spacer grid

nodel s have to be at the higher priority. | think, as
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we nentioned earlier, what do we do nowif a vendor,
or sonebody cones in with a different type of nodel,
whi ch has di fferent m xi ng veins, different bl ockage.

This may be reason, in the future, where
we m ght want to start working in sonme ot her types of
smal | scal e separate effects test, to where we m ght
be able to nore easily vary things |like the m xing
vei n geonetry bl ockage, and things |like that, that I
mentioned, the inverted annular flow split.

MR SCHROCK: What is the subscript R
t here, radiation?

DR BAJOREK: Radi ati on.

MR. SCHROCK: Radi ationto what, drops, or
radiation to --

DR. BAJOREK: Tothe film At |least in ny
sinmplistic way of | ooking at it, right now, heat fl ux
is split between sonething that goes tothe liquid --

MR. SCHROCK: | see, it is just for that
term there, you are talking about. Yes, inverted
annul ar .

DR. BAJOREK: Radi ati on, perhaps sone
contact of the waves, and the rest going into the
vapor phase. But one, how do you characterize that,
and what is the split.

DR. SANJOY: You don't think the flow
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oscillations should be taken into account during
gravity refl ood?

DR. BAJOREK: Right nowl' mnot convinced
that the oscillations that we sawin those novies are
necessarily sonething that is an artifact of what
woul d happen if you had a constant reflood, versus
what is goingoninthat facility, where you know t hat
for those early tests, the controller was trying to
keep up, and it was pulsating at the inlet. Larry?

DR. HOCHREI TER: Wll, | think for the
novie we showed, | don't think there was strong
pul sati ons.

DR.  SANJOY: No, I'm tal king about the
real reactor situation, the code has to handle a
situati on where everybody understands that there are
| arge oscillations. And everything you said here
could be of nmuch Iless inportant than those
oscill ati ons.

So how are we going to account for that?

DR. HOCHREI TER: It is not clear that the
reactor does oscillate, it is not clear to me. There
have been sone | arge scale tests, and you don't see a
| ot of oscillations.

DR. BAJOREK: | thought they did see them

in CCTF, Larry?
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DR. HOCHREI TER. For sel ected tests, not

every test.

DR. SANJOY: Well, maybe t here shoul d have
been an assessnent of that problem then. | thought
that there were oscill ations, but naybe there are sone
t hat --

DR. BAJOREK: | think there were in sone
of those CCTF experinents.

DR HOCHREI TER: In sone, not in all.

DR. BAJOREK: And | think in terns of how
we woul d approach that, first try to get nodel s that
work good wunder very well established boundary
conditions. And | think we are getting out of this an
easy power shape, you know the inlet conditions.

| f we get nodel s t hat work good there, try
t hem out on CCTF, and SETF, other tests where you --
ACHI LLES woul d be another good one, tests with a
downconer, where you can see if they are doing
adequately for gravity refl ood.

DR. SANJOY: Didthey see oscillations in
the W NFRED experinents? W wll have to |ook at
t hose. They were done, what, about ten years ago?

DR. BAJOREK: About that. | guess |' mnot
real famliar with that, except for the test that was

the i nternational standard problem where they got a
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| arge burst of the non-condensi bl es.

DR.  SANJOY: | know that early '80s,
anyway, there was quite a bit of concern about these
oscillations, and the nodeling of them And the
reason was that they strongly affected entrai nnent.

And to first order the main thing that
matters is how nuch is entrained, it is the bal ance
bet ween what is carried out, and what you put in. And
t hat depends, really, it determ nes howfast the front
goes.

Now, since that tinme the problemseens to
have sort of vanished, | don't knowwhy. Whether that
was just neglect, or there was a reason to say it
wasn't inportant.

But I think it would be worthwhile, at
| east, having an assessnment as to whether it is
i mportant or not. Because it could have an effect on
the test program al so.

| agree with you that first you shoul d be
able to handle the steady state. But the phenonena
during oscillations could be quite different, because
you tend to leave a lot of liquid up there, where it
gets caught in the vapor, and it gets carried out.

So t he ent r ai nnent correl ati ons,

everyt hing change. Maybe not, but --
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DR. BAJOREK: Well, let me see if | can

try to find out what --

DR SANJOY: \What is known bout it.

DR. BAJOREK: -- why the probl emhas gone
away. | thought |I heard, at one point, that the heat
transfer was inproved when you had the gravity
refl ood, and the oscillations. So maybe that --

DR. SANJOY: But entrai nment got worse.
At least | renenber in some cases.

CHAl RVAN WALLI S: So you will have to

respond to this oscillation issue, it is not goingto

go away.
DR BAJOREK: That is all | have.
CHAl RMVAN WALLIS: | think it has been very
good to get results fromthis experinent. W have

been | ooking forward to getting sone results, for some
time.

Also hearing that the Staff has ideas
about howto use them And | believe what is goingto
happen here is that there won't be any letter fromthe
ACRS, or anything like that. But | will give a report
to the full Commttee at the Decenber neeti ng.

So | would need input, then, from you
fol ks by the end of Novenber. | s that a reasonabl e

t hing, go back and wite up comments which | can then
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-- your coments will actually be handed out to the
full Conmttee. They are for publication, which I'm
sure they will be.

MR, SCHROCK: Wbul d you ask hi mto gi ve us
copi es?

CHAI RVAN WALLI S: Yes, | would |li ke copies
of your --

Are there final remarks that nenbers of
the subcommttee would like to nmake at this tine,
before we recess?

DR. MOODY: | was just going to nention,
on page --

CHAI RVAN WALLI S: | think you need to
bring your m ke up.

DR. MOCDY: This is inthe PSUARL report,
rod bundl e heat transfer, that we all got a copy of.
| just want to say, | think you are a little too
restrictive on page 29, when you nmake a statenent in
the m ddl e of the page.

Fromt hi s poi nt forward tenperatures nust
be in absolute units. | don't think you have to say
that. | think you can take whatever units. Do you
recall anything like that? GCkay, you have some heat
transfer equati ons, conduction and convection, getting

a tenperature. Probably one of your students.
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DR. HOCHREI TER No, we are having an

endl ess battle on units, tenps, and so forth.

DR. MOODY: Well, | think the thought was
you had to use absolute, and you don't have to.

DR, HOCHREI TER: No, | agree.

CHAI RVAN WALLI S: Radi ati on expression?

DR. MOODY: There wasn't a radiation
expression in there.

DR HOCHREI TER: Let us check that out.

CHAI RVAN WALLIS: There is a lot to be
sai d for having agreenent on units. Wen you cone to
a massive code, which -- we have a great deal of
difficulty with vendors who conme here with m xed
units, and you can never be clear on what units are
actual Iy encoded i n the code itsel f, or whether or not
t hey have m xed them up, and whether the conversion
factors are all right.

| f you have a consistent set of units al
the way through it is much nore reassuring. You wl|
get the NASA problemw th Mars.

Anyone el se?

DR.  RANSOM One thing | didn't hear
anyt hing about today, but was the single phase
pressure drop analysis that they have in the report,

whi ch seemed to bring up a nunmber of issues that |
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t hi nk ought to be resolved, in a way.

Way it doesn't approximate the velocity
situation very closely, and | know at one point they
tal k about frictional pressure drop, but don't nention
entrance effects, which clearly woul d have an effect
of increasing the frictional pressure drop.

But | guess ny concl usions, in general,
sure would like to see a little nore analysis, you
know, to go along with this data. I'mnot -- | know
you' ve said that is what you plan, and | hope you wi | |
do it.

DR. HOCHREI TER: W' ve actual | y done sone
nore, particularly on the pressure drop. W had a
student that just is conpleting his thesis, where he
set up a CFD nodel. They nodeled a fraction of the
nodel , plus the spacer. And he actually got very good
agreenent with the neasured pressure drop data.

He is now conparing it to sone of the
single phase transfer data that we got from the
facility. He did find a pressure drop relationship
in, I think, Tong and Wseman's book, that gave a
better agreenent for the bare rod bundl e pressure drop
t han what we were seei ng when we woul d go to t he Mbody
chart.

Sol think -- | haven't had a chance to go
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back and | ook at that particular correlation, but I
know it gives higher friction factors. And this is
really what we are seeing when we reduce the data.

And | do think it is due to exactly what
you said, which is entrance regi on downstream of the
spacer grid. Because the upstreamtap is going to be
in that region.

CHAI RVAN WALLI'S: Ready to recess? Al
right, wewill nowrecess until 8:30 t onorrow norni ng.
Thank you all very nuch

(Whereupon, at 5:10 p.m the above-

entitled matter was recessed.)
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