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UNITED STATES OF AMERIC2
NUCLZAR REGULATORY COMMISSION
ADVISORY COMMITTEE ON REACTOR SAFEGUARDS

EMERGENCY CORE COOLING SYSTEMS

doliday Inn

Park Center Plaza
282 Almaden

San Jose, California

Thursday, December 2, 1982

The meeting on Emergency Core Coolinc Systems
by the Advisory Committee on Reactor Safeguarés was

convened at 3:3C a.m.

PRESENT FOR THE ACRS:

PLESSET, Chairman
ZUDANS, Member
THEOFANOUS, Member
SEROCK, Member
WARD, Member
CATTON, Member
EBERSOLZ, bMember
TIEN, Member
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DESIGNATED FEDERAL EMPLOYEE:
P. BOEHNERT
ALSO PRESCNT:

Present Zor che Industry:
Mr. Sherwood
Mr. Quirk

Mr. Wood

Mr. Sozzi

Dr. Andersen
Dr. Dix

Mr. Potts

Dr. Shiralka-~
Mr. Dennison
Mr. Creddick
Mr. Xnight
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PROCEEDINGS
DR. PLESSET: JLet's get started. This is
Dr. Ward on my left. We have an attendance consultant,
Dr. Catton, Mr. Shrock, Mr. Theofanous, Dr. Zudans and
Dr. Tien. I think will be here shortly being heid up bv
the traffic and the weather.
The purpose of the meeting today is to discuss
with General Electric their Safer, Gestr, ECCS code and
the status of pronosed revisions to Appvendix ¥ of 10CFR50.46.
The CTommittee will also discuss the pros and cons ani use
of electric versus nuclear heater rod simulators in LOCA
tests.
The meeting is being conducted in accordance
with the orovisions of the Federal Advisory Comnittee Act
and the government in the Sunshine Act. Mr. Paul 2cehnert
to my right is the designated federal emplovee fcr the meetin&.
The rules for varticipation in today's meeting
have been ann unced as part of their notice of this meeting,
previously published in the Federal Register on November 17,
1¢82.
A transcript of the meeting is being kept and
will be made available as stated in the Federal Register
notice and requests that each cpeaker first identify
himself or herself and speak :rith sufficient clarity and

volume so that he or she can be readily heard.
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We will receive no written statements from
members of the public. We will receive no requests for
time to make oral statements from members of the nublic.

Now, I want to make a comment before we start.
As you know, there is a very important test facility here
in San Jose at G.E., the FIST facility. I uncderstand we
can see that this afternoon at the termination of this
meeting winich will be abou: 5 o'clock, but I think we
need to know who would like to see this facility now.
So everybody up here at the table wants to go. Could vou
give us an idea of how long it would take before we get
back here? If we go out to the plant?

MR. OUIRX: The tour itself will take aonroximately
30 minutes and I would quess to and from, it's about 30
minutes so all totaled vou can do it in about an hour,
maybe a little more.

DR. PLESSET: Okay, that's very good. Well, thanks,
I'm sure it will be very worthwhile. We have been looking
forward to the results in the facility and I'm sure it
will be very worthwhile to see it. So, it looks like you've
got a good turn out for that. I have no further subsidiary
remarks like that to make except I think that the subject
of the meeting is an important one and one that we all have
to face and that is, what are we going to do about Apvendix X

and sometime ago, I guess about three or four years ago, the
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Staff, the NRC Staff proposed some revisions in Appendix K.
At that time, the ACRS indicated they weren't interested
in any viecemeal apprcach but since that last discussion,
there have been a lot of developments, our knowledge and
experience and the test work has been going on has helped
us a great deal to understand how conservative Appendix K
is and we have a much better understanding of LACA,
particularly the large LOCA and also the small TOCA s0
that we should take advantage of this sometime ard make
an orderly approach to the problem of handling the design
basis accident, so-calleé. I think we all agree trat there
are many features of it which are unrealistic and evaluation
models so-called are terribly conservative and some of
the features of it I believe do not necessarily mean
conservatisms as far as safety and protecting the public
health, so that it's a timely thing that I think should be
pursued. I think that not only is it in connection with
the Decay Yeat ANS plus twenty which we now know is excessive
but other features of the recuirements are now known to
be not correct and non-physical.

I would think that the whole approach, the
wihole question of Appendix K could be approached in a much
more realistic way and still guarantee a conservative
approach to operation and licensing of plants. I *“hink

there's an important gain from this if we do it. If we can

4
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improve fuel utilization, that in itself is of great

value and that would profit the public and everybody else
and I think that both G.E. anéd Westinghouse also, as vou

may Xnow are proposing and thirking along these lines.

Now, I don't want to indicate prematurely that vhat G.E.

is nroposing today is what we would like but we should

give it considerable attention and I think it's very
worthwhile to have this meeting at this time. 1I'cd

like to ask if any of the other -- we have a lot of
distinguished people here, if thevy want to make some comments

DR. CATTON: 1I'd like to make just one comment.

CR. RLESSET: Dr. Catton is going to make a comment.

OR. CATTON: I think that you're absolutely right
the Appendix K modifications. In my view, I really think
that all other things should be pursued before Decay Heat
because Decay Heat really is the forcing function for the
oroblem and I would hate to tamper with it before I was
sure of what I was pushing.

DR. PLESSET: Anybody else want to -- well, it's
easy to see, Ivan, why one is tempted to start with Decay
Heat.

DR. CATTON: No question.

DR. PLESSET: 1It's a simple thinag that stands out

there and everybodv's aware of it and it's obvious but I

think you have a very good noint. I tried to indicate something
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along that line, that we should look at the whole Dicture
and take advantage of the knowledge that has been gained
in other areas which is terribly important and very useful
to have built into our consideration of the behavior

of nuclear plants and transients of this kind. Virgil?

MR. SHROCK: Could I comment on -- I decn't
exactly understand -- should I?

DR. PLESSET: Yes, go ahead. Pick it un.

MR. SHROCK: Maybe I should ask Ivan wha:t e means
by tampering with it but I gquess I have a somewhat different
view and that is that the technologies that exist for
Decav Heat evaluation today is so far superior to the basis
for Appendix K -- that its amazing to me that 1ts taking
this long to do something with it in the regulatory process.
Je had discussion on this at the meeting, at the ANS meeting
with some representatives from the Stz f and I'~ personally
very disapoointed in the attitude that I find there which
is basically, let's see if we can't find a lot of reasons
why we should not use it, now that we've developed tliis
better technology, let's look for reasons why we should
excuse ourselves from apolying it. It seems to me that
the regqulatory orocess should be attempting at every stage
along the way to use the best available technology and
I don't see why we should be motivated to avoid that spirit.

DR. CATTOM: Maybe I should clarify that. I agree
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with you, but on the other hand you don't -- what I don't
want to see them do is to give away the margin that we know
is there where we know it exists until you quantify it
elsewhere. So use the new standard but add 20% to it or
some reasonable margin to it.

DR. PLESSET: Well, you see that this is not
necessarily a straight forward thing. I can understand
Professcr Shrock's point. It's just not a sound procedure
to ignore what is known or to distort it in an unreasonable
way. Dr. Cattcn also is voicing a sentiment that one
hears guite a bit. We've got to be conservative. But
I think that being conservative when you are doing something
that isn't right is not necessarily a good thing. I can
uncderstand that view point though. They want to be sure
that we have lot s of margin. Well, in regard to large LOCA
I think everybody would agree that we have about a thcusand
degress Fahrenheit as margin right now. That seems to be
rather a significant margin, right?

DR. CATTON: That's right.

DR. PLESSET: Okay, but I think that there are
a lot of other features that we haven't touched on in
considering the changing in Appendix K. There's a terrible
amount of trouble involved in licensing and in overating
that could be relieved if we had a more scientifically

sound basis for evaluating the performance of tiese reactors
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and transients. I think that's a terribly useful thing

to keep in mind, that one can improve the behavior of

hese plants, load following (ph), fuel utilization and
these are terriuoly useful things. They are every Jay things,
really and if Appendix K interferes with an effective
developmert of procedures, then it should be changed and

I think we know enough to do it without causing any
trepidation among those who say we must be conservative.
Well, anyway, anybody else want to make any comments,
Jesse?

DR. EBERSOLE: 7Well, I'm a little bit of an out =--
this is not my bag, you know, but I'll make comment anyway.
I'v> been impressed by the intended program of the Germans
which is to virtually outlaw the large LOCA and I think that
whatever we do here should keep, put the LOCA in a perspectiv#
that it was not originally in. It represents only a small
part of the reactor safety problem, a very small part
and we're really working on the fine structure of that part
and we may find some day that the preservation of Appendix K
logic is really greatly inhibiting the potential of these
machines.

DR. PLESSET: Very good. I think that's a very
good point. You're not as much of an outsider as you pretenrd,

sometimes. I think that we've gotten carried away with the

large LOCA. I think it was originally put in this way becausL
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a lot of people thought that we could never handle it.

DR. EBERSOLE: Yes.

DR. PLESSET: That's such an incorrect way to
try to design safety systems. I think that the Germans
have said well, this just isn't important. I think the
Japanese feel likewise and I think a lot of people in
this country agree with you that it's just one of those
things that's a distraction.

Now, I think the small LOCA's are a different
category and it's not clear at all if Appendix K is
very helpful there at all. It may not even be conservative
sometimes.

Maybe we should let -- unless there are some more
comments from up here, let General Electric proceed

with their presentation and I think I'll call on Glen

- Sherwood who we are glad to see here to do that for us.

Would vou lead it off, Glen?

MR. SHERWOOD: Thank you. My name is Clen
Sherwood. 1I'm the manager of Safety and Licensing €for
General Electric and on the behalf of the General Electric
Companry I'd like to welcome the the ACRS, ECCS Subcommittee
to San Jose. We are pleased that you have come to San Jose
to discuss the subject which I know you recognize we feel
is fairly important to us, namely with the backdrop ot

the exverience which we have had in testing, and model
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developwent over the last ten years, we feel that we now
have sufficient evidence to request changes in Appendix K
and also changes into the licensing evaluation nocels

to give us more operating margin on our BWR plants.

We want this operating margin for two reasons. OCne, which
the Subcommittee has already cited because the current
limitations are inhibiting the full potential of the
plant not only for operation, normal operating in terms
of the daily plant overating modes but also the long term
utilization of fuel in terms of going from twelve to 18
month cycles which I know you know that both General
Electric as well as the other vendors are looking at.

But in addition, the limitations which we have on ECCS
where most of our operating plants are bumping aleng

at 20° to 100° rejquires a tremendous amount of effort

on our part in terms of reanalyzing each plant at each
reload and also change the chasing oroblems that tend to
come up with the Staff when they see a new, sometimes
esoteric issue come up in ECCS which requires that we
drop everything and look at that problem for anywhere
from two to six months. So with the back drop as

Prof. Plesset said of a thousand degrees from our two
loop test apparatus results, we feel that it is now time
to relook at the ECCS situation and make available that

operating margin which is really needed for the operating
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BWR's. We plan over today and tomorrow to provide a

detailed review of the G.E. strategy as well as our
.chnology both from the point of view of testing, as

well as our new models. Some of this the Subcommitte

has heard last year in Monterey and so we will be repeating

some of that for some of the members. However, we do

plan to go through in detail in an exhaustive way all of our

efforts in the ECCS area in the next day and a half so

I will without further introduction turn the presentation

over to first, Mr. Joseph Quirk who will discuss our

activities with the NRC in terms of proposed changes to

the ECCS evaluation models for the BWR and also the Decay

Heat and also Mr. Ed Wood who will discuss in detail the

ECCS strategy on the part of General Electric. Joe?

(Pause)

MR. QUIRK: Good morning. Joe Quirk.

Good morning. My name is Joe Quirk from General
Electric Company. I'm manager of BWR's Systems Liceﬂsing.

(Slide)

I have a number of introductory charts that I'd
like to kind of set the stage with. The first being the
agenda for the two day meeting. As you'll notice, the
agenda is slightly different from that handed out by
Dr. Plesset before the meeting. Tt's important to note that

all the topics on your agenda, Dr. Plesset, are covered




12

' | in some form or another. The order of this agenda that

2 | we've chosen is slightly different. And the first day,

3 | we'll begin with a kind of recalibrating, if you will,

4 | the GE ECCS approach. And Mr. Ed Wood will conduct that

5 | presentation. We'll then go into an overview of the BWR

6 | LOCA technology by Dr. Gary Dix. After a break, we'll

7 | pick up and discuss the TRAC model description. We'll

8 | follow that after lunch with the GESTR model description

9 | and with the SAFER Model description. So on the first day
10 | as you cee here, it's kind of setting the stage with the
11 | overtone of a G.E. ECCS approach followed by a description
12 | of the ECCS models.

13 On the second day, then, we will begin to talk

14 | about some of the qualification and evaluation results of
15 | these models. I think there's a full two days here and

16 | a lot of information. Some of it, a lot of it the SubcommittLe

17 | has not had the opportunity to see vet. Thus, the purpose

i
:

8 | of today's meeting is really four fold. We would like %o
19 | update you on the technical description and the details of
20 | our SAFER, GESTR and TRAC models.

2 (Slide)

22 We would follow that up with quantifying some of

PENGAD CO.. BAYONNRE. .. ST002

23 | the results. We will also describe our ECCS evaluation
24 | methodology and as we -- asz already mentioned today, we

2% | will give you a status on our Decay Heat exemntion submittal.
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(Slide)

What I'd like to do is update you from the last
time that we have met with you and that was roughly in
August of 1331 as shown here where there was an overall
ECC5 approach presentation given to the ACRS Subcommitte.
Since that time, we have submitted the SAFIR, GESTR model
to the NRC in December. We've also submitted a GESSAR II
Decay Heat Submittal at the same time in December of 1931.
We followed that up with a meeting with the NRC Staff
on the SAFER/GESTR application in January and in June of
1982 we presented the Decay HYeat Exemption detai.s to
the ACRS subcommittee.

In August of 1982 we presented the SAFER
Qualification Resu.ts to the NRC, to the meeting in
Bethesda. This kind of brinos us up to date of activities
that have happened since we last met with you.

Activities that are planned in the immediate
future include a meeting with the NRC in January t> review
the application of the SAFER Results and we forecast and
look forward to wrapping up and getting approval of our
SAFER/GESTR approach in the f st quarter of 1982. This
was meant to kind of reload the computer banks, if you will,
since we last met with vou and at this time I'd like to
turn themeeting over to Ed Wood who will summarize the

G.E. ECCS approach.
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(Pause)

MR. WOOD: Good morning. My name is Ed Wood.
I'm manager of Core Development of the Nuclear Fuel Engineerinag
Department and I want to talk a few minutes about the analysis
approach that we are currently puv~suing and I think most
of this is a review for you so we probably won't have to
dwell too long on it.

(Slide)

I'd like to cover some, what is pure review,
go back in the BWR system, our current evaluation model,

a little bit as some of what we see as the key issues and
then talk for a few minutes about our objectives in our
license analysis and then the technical bases or approach
that we would take in the new evaluation model, namely
the SAFER computer program.

(Slide)

And this is in the category of a review. The
purpose I think of pointing this is out is to point out
some of the features and remind ourselves of some of
the features of the Boiling Water Reactor, specific power
we run into 25 to 28 kilowatts ner kilogram of uranium.
There is complete natural circulation. In fact, it has
the capability of 50% power with all reserve pumps off,

a dual core spray system in the upper olenum above the core,

a coolant injection syscem either throuagh the recirculation
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loops as in the case of the BWR 3 and 4, are directly

into the bypass region of the core in the case of the BWR

5 and 6 and then with a refloodable core by the use of
internal jet pumps such that any kind of major break, the
level of drainage would be at the top of the jet pump

which assures a refloodable situation in the core. We
moved to this design in the 60's and part of the motivation
for going there and to making this evolution was because

of the issue of LOCA as well as several other things.

(Slide)

Let me talk just a few minutes and I'm not going
to spend -~ this is a busy chart -- I will not spend much
time on it. We have discussed it before. I simply want
to make a couple of points on it. This is a schematic
representation or a block diagram representation of the
current approved evaluation model and the point I think of
the chart is that there are basically two bookkeeping systems
what I call the system model, what I call the node heat up
model and a number of, a large number of modules that
feed that. In our past approach, there has been a concerted
effort, a conscious effort, if you will, to look at each
one of the individual blocks »nd for those where there was
uncertainty to try to bound each individual module in
a conservative manner. Even though it may have meanrt

physical inconsistencies, now, clearly this is in keeping
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with the intent we feel of Appendix K, the idea being

to do a peak clad temperature calculation that truly
represents a bounding value, not what one would expect
but a bounding value. Let m: ,ust take one for instance,
and then we'll move on because like I say, we've been
through this in some dstail before, but let's take for
instance these two right here down at the bottom. There
is a vaporization correlation in the model and from the
output of that correlation we determined the steam flow
that's coming up through the upper top plate of the core
which in turn is the primary factor in effecting the liquid

draining into the core due to the counter current flow

limitation process and so there i= a vaporization correlation

which like I say determines the steam flow which in
turn determines the amount of liquid that drain to the
core.

On the other hand, there are heat transfer
coefficients within the core that determine the heat
removal from the core and the cooling process during the
rebuilding process. In one case, we take a bounding
value on the vaporization because the more you vaporize,,
the more you restrict the flow and the l:ess fluid that
you get in the core. On the other case, we take the

other direction and say the lower the heat transfer in the

core, the lower the heat removal and the higher the ultimate
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peak clad temperature will be. In fact, as we all know,
these are not independent and so here is a -- I think a
clear example of what havpens when we take this approach,
we do indeed meet the, I think, intent of Appendix K of
calculating a bounding value. We violate, however, the
conservation of energy. So, and that can be -- those
kinds of examples can be repea.ed. One would ask, and
rightly so, why would you ever move into a situation such
as this? Why not -- we know what the, you know, some

of the basic laws, conservation of energy, conservation of
mass. Why not maintain them? Well, verhaps I can answer
that a little bit by going back through some reviews as
to what the status was at various times in the evolution
of the process that takes us to where we are today.

(Slide)

In the 1970's, as I mentioned earlier, we had,
our approach in the 60's leading up to 1970 was tc kill
the ECCS issue with hardware design and so we did these
things that I mentioned earlier. We included the jet
pump, we included the core sprav system, we included the
low pressure cooling injection systems, the intent was
to kill the issue with hardware. Having done that, we
had some simple bounding models that calculated something
like a 1500° peak clad temperature against a then limit

of about 2770° and so we said, it's a reasonable approach
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to overdesign the system with hardware to make it truly
safe and not spend much time doing the analysis and
so that was the approach. And that went well for awh:le.
In 1275, due to a number of required changes to the mode .ing
and the limit that was set on allowable, the margin had
all disappeared. The key thing that happened here was the
implementation of the 71 ANS Decay Heat plus 20% and
the imposition or implementation of the counter current
flow limitation process at the top of the core. Between
the two of those, the calculated margin went down by some
800°, 600° to 800° and ther with the limit coming down
from 2700° to 2200°, all of the margin had disappeared
and so now our evaluation model was calculating in the
vicinity of 2200° against the limit of 2200° and there was
not realistic technology in place at that time to justify a -
more sophsticated approach, and so it was a series of
events and we, at G.E. and I feel sure at the NRC, too,
kept a rather large team of engineering fire fighters to
make sure as things -- new things were discovered, that
somehow or another the small margin was real. We didn'c
have the large margin, and so we continued to look
at that and assure ourselves that the real margin was still
there.

Well, things have changed since then and I think

the key thing here is that there just isn't enough technology
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available in 1975 to do the kind of modeling and demonstrate
the gualification of those models to the extent necessary.

As I mentioned, there's been gquite a few changes
into the 1982 status. We are now in a situation where for
the last couple of years -- there have been no plants
derated because of ECCS issues. We have received some relief
from the regulatory staff in terms of heat transfer coefficie
in terms of a little different CCFL ccrrelation, enough
to get us out of the derate situation. However, as you
have nointed out yourself in your opening remarks,

Dr. Plesset, we still are in a situation where the fuel
cycle economics, because of local limits are being penalized.
A rule of thumb for the BWR with “he current G.E. plan

and G.E. fuel design and it's current operating sicuation
is that for about every 2% of local margin, you have an
impact or an opportunity if you will, of 1% gain in fuel
cycle cost. Now, this is a highly non-linear function.

One shouldn't extrapolate that to say 30% margin would give
you 10% but about the operating point where we are today,
that's about the sensitivity of local margin to fuel cycle
costs. That haopens, keeping the total core power and the
average k lowatts per liter constant, not increasing the
total power and I'm sure that we discussed this in the past
and, but I thought I would mention again that factor.

I think the key things now that have happened is
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done in these areas here. The technology has advanced
substantially since 1975. We now have a vastly improved,
as you pointed out already, Decay Keat Model, tiirough the
efforts and resources and technical directions of the
research side of the NRC, of General Electric and of the
utilities themselves through ZPRI, there's been a substantiall
investment in technology resources over the past seven to
ten years, really, in the area of experimental and analytical
mocel development and you're going to hear a great deal more
detail on that. Dr. Dix will be talking in great detail
about the experimental information that we've gained.

Dr. Anderson, Dr. Shiralkar, will be talking about te
analytical evolution as a result of that and this has been
an industry cooperative effort and I think the results are
very good. It has resulted in a best estimate system model,
namely TRAC, BWR version which you will be hearing about

in some detail later and at G.E., we have developed and
submitted an improved evaluation model. Now, one of the
first questions that might come up and we'll discuss this

a little bit later but let me hit it right here is, if

you have a best estimate system model, what if you use

that as the evaluation model. That's the first gquestion
that should come to anyone's mind and it's come to our

mind also. I think there's a practical consideration for

that. The TRAC computer code is a very good detailed bench-
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mark analysis program. However, it's drawback is that it
runs several hours of central processor time on a CVC 7600
for a relatively short real time of transient analysis.

In order to do the exploration required for the license
and evaluation models, parametric studies in large numbers
have to be done. You simply would use up all of our CVC
computer and then some if you tried to do this with the
best estimate model.

Some of the things that we look at in an individual
plant is the parametric studies bearing the parameter of
break location, of break size, of initial conditions,
of the number of ECCS systems that ar< available to respond
and you end up with a large number of cases, analytical
cases that you have to do for each reactor to assure
yourself that you have mapped the entire space that would
be available, that you want to look at. So what we have
chosen to do is to benchmark this license and evaluation
model with the best estimate model on the.key transients
and events of consideration and we have focused on the so-
called design basis accident which is the double-ended
recircle end break and that will be the focus of the
benchmark comparison between these two.

Then we then have a tool that is practical
in it's efficiency in terms of computer time that permits

us then to do the parametric studies that rightly should bLe
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done to evaluate all the possible combinations.

Well, this brings us to what I show here as a
current challenge or opportunity. It's an opportunity
because of the technology we now have the provides the
opportunity to go do something that's better. It is a
challenge because there are still -- some resources have
to be expended if vou go do it. One of the questions that
we faced is, if there are no derates to the plant, why
go throuah all the expense and effort on both the nart of
the vendor and the regulatory agencies of reviewing new
models, of approving new models and redoing the analysis,
and so it is a challenge because it uses resources and as
you wisely pointed out this morning, their resources are
in short supply and quite frankly, I get concerned sometimes
that we're spending too much of our resources on this issue
rather than some of the other broader asvects. So, it
becomes a challenge but I think it's a challenge that we've
got to take on and have got to resolve, and that challenge
is andopportunity is to implement the new license evaluation
model and to quantify what the real safety margin is
and we will will -- those are the focuses of our two day
session with you.

(Slide)

Let me set out here some of our objectives.

DR. WARD: May I ask a question at this point, E2?
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MR. WOOD: Yes.

L2, WARD: T.e TRAC BWR is a best estimate model?

MR. WOOD: Yes.

DR. WARD: And I understand what you're saying
about benchmarking your own mocdel against it, but you keep
calling your own model an evaluation model. Why don't you |
treat your own model as a best estimate model in applying
margins or whatever -- explicit margins against that rather |
than consider it as an EM.

MR. WOOD: Let me go back perhaps and define
some terms. Maybe communication, and I think there are
some very svecific terms or definitions we think of when
we think of these terms. Best estimate model hs. evolved
to a definition that says you do the best possible calculatiom
today's technology will permit you to do and I think
clearly today that is the TRAC Model. If you -- our
evaluation model is not that because in order to get the
efficiency enhancement, we have taken advantage of some
of the messages that the TRAC calculation and the experimental
have told us about the requirements for 3-dimensionality
versus l-dimensionality and so we have shrunk down in
areas where we can and gone to l-dimensional calculations.
However, by definition, I think a l-dimensional calculation
couldn't be called a best estimate. Now, that's a fine line

on cdefinition admittedly and so that's part of the issue.
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DR. WARD: I guess I haven't =-- it's probably
that I don't understand it but I quess I've seen the
best estimate model as a means as an attempt to calculate
the mean or median value?

MR. WOOD: Yes.

DR. WARD: +/n EM model is an attempt to calculate
a biased, conservatively biased model. Now, either one
of those can be done with broad brush ropes or with fine brus
ropes.

MR. WOOD: You're right, and absolutely, if I
could get you to hold that until my next chart I think I
will answer your guestion.

DR. WARD: Okay.

MR. WOOD: And if I don't answer it to your
satisfaction, please raise it again but I believe I will.
Yes, sir?

DR. CATTON: Just a comment. The TRAC model that
is now at Los Alamos, runs as fast as you need to have it
run. Somehow the numerical algcrhythms are different
between the TRAC BWR and the present version. It seems
to me that's the reason it runs slow. So, you could
conceivably change the numerical algorbythm and TRAC BWR
and have your fast running ccde and a good best estimate
altogether.

MR. WOOD: You've got a good point there and one of
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our joint plans with the NRC during the coming year, in
fact, I guess a couple of years is to try to do just that,
to try to make the BWR version of the TRAC more efficient
and there is a rather concerted etfort between G.E. and
the fclks at EG&G at INEL who are going to be concentrating
on that, who are now concentrating on it under the
sponsorship of the research sicde of NRC. 1It's a good point
sud we're trying to get there. We're not there yet, though.
DR. ZUDANS: Could I add to that? I think the
difference really is not big enough for you to be greatly
optimistic because a factor of 2 doesn't make much difference
if you run one day or two days. It still is a long process.
I think what Mr. Wood says, maybe he didn't communicate
completely. You could use cruder models with the best
estimate codes and do it faster, rather than using
evaluation models which you have to adjust for a very
specific situation because you can never let your evaluation
model fit all the circumstances. You can polish it for
one specific transient and it will do all right but for
the others it won't do, so I think there is a concept
that's something to be loocked at.
MR. WOOD: Okay, like I say, let me walk into
that in just a couple of minutes and try to go into it
in some detail.

Let's go through the obiectives if you will, that we
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laid out and by the way, this is the same chart that we
used to discuss with the NRC Staff in January of this year,

to what should be the objectives in laying cut a revised.
or any kind of updated evaluation model and I think first

of all, clearly we are interested in quantifying the safety
margin and assuring that it still exists.

Another part though, that I think of extreme
importance to us is that this evaluation model could also
be the basis for operational and design decisions. As
of today, our evaluation model is not appropriate for this
objective right here, namely for, as a basis for a design
decision.

DR. CATTON: What you're saying is it's a quasi
best estimate model?

MR. WOOD: No, today is not even a quasi best
estimate --

DR. CATTON: No, no, the new one.

MR. WOOD: Oh the new -- yes. Of course. Yes,
but this one right here, for instance, let me give you
a for instance and back up to my last chart, some corments
I made.

Because of the bounding of each individual module
and thereby doing some violation of the conservation laws,
we indeed do come up with a bounding model, but there are

two hazards, I think, in that. One hazard is that we, after




FoRm 2004

CO.. BAYONNE. N ). SY002

2
-
£l
-
-
-~

10

n

12

13

14

16

186

17

18

19

21

23

24

27

we use it repetively, we might tend to forget thit we have
artificially built in the conservatisms and we begin to
believe the numbers and then the second hazard in that is
that we might tend to make future design decisions based
on the outcome of that evaluation model. For instance,

in the case that I just mentioned of the previous chart,
since the vaporization correlation in the cor: causes

a substantial amount of CCFL at the top of the core, not
letting water get in and at the same time we underestimate
the amount of heat transfer that is in the core during
this refueling process, the evaluation model as it now
stands would calculate a lower peak clad temperature if
you took all of the ECCS water out of the upper plenum

and injected it at the low plenum and you'll calculate

a lower peak clad temperature. But I do not believe that
you would enhance the safety of the plant and so, that's
the hazard, I think of having cvaluation models that are
not self-consistent because there is great temptation to
provide an operating margin to a plant with approved
evaluation models by makinc a relatively simple design
change, but that design change would not enhance the safety
of the plant. It might even degrade it. So I think that's
one of our real concerns and any future evaluation model
should correct that discrepancy in our thought process.

I think clearly we would like to have an evaluation
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model that permits an efficient use of the requlatory and
industry resources and this is another way of saying, have
a model that has a realistic representation of what's
happening so we can focus on the real issues. We'll know
what the real issue is on and we can focus our resources
on those rather than something else.

DR. SHROCK: May I ask a question?

MR. WOOD: Yes, sir.

DR. SHROCK: I just wanted to clarify to be sure
that I heard what I think I heard. You're saying future
evaluation models should be required to conserve energy?

MR. WOOD: Yes.

DR. SHROCK: Notice that was not "will". "Should
be".

MR. WOOD: Yes. But let me say again, that the
aporoach we took in the 60's, early 70's, resulted in a
process completely compatible with Appendix K, because
it was, it was for a licensing calculation of this event
and it was to bound the value, not to say what the value
would be. It also was at a time when the technology was
somewhat lacking in being able to understand all the
phenomena that one needed to model and so I don't want to
be too hard on a lot of us who went down this path. At
the time, I think we were doing the best we could wich

what we had. But times have changed. We now hare wmcre and
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we should change.

(Slide)

Our basis then is going to be 7ery simple and
straightforward and you will be hearing the technicail
basis to this in scme detail in a few minutes, but I
think the several comments that I've heard physically
consistent conservation models should be a requirerent.

I believe that was almost what it was said a few minutes

ago. And the answer is yes, that is, we have formulated

them to try to, you know, within the ability of the uncertain
of our computerized calculation to make that happen.

We also should use expected value on the input
correlations and I think this is very important because
this is a highly non-linear event. If you input different
correlations such as Decay Heat, you can change the
sensitivity of the pehavior of the plant to a lot of other
parameters. 1It's not a linear process. It's highly
non-linear with a number of things =-- power level with
what the ultimate peak clad temperature, what the reflooding
time is and if one continues, even with physically
consistent conservation mocdels, if one continued to upper
bound all of the empi-acally based correlations such as
heat transfer correlations, such as Decay KEeat correlation,
such as void (ph) quality (nh) correlation, one could

still move the resulting calculations into a regime whare the
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sequence of phenomena calculated might not represent that
which you expected to happen. And so, I think it is
important to input expected value and of course, the
combination of these things says, do a realistic calculation
and then one should look at the uncertainties in the calcula-
tional, experimental process and compare that with the
calculated margin to make sure there is adequate margin
to cover those uncertainties. And so, this is the approach
that we have taken on the SAFER/GESTR modeling and today
we will be carrying you through the models and what the
expected value calculations are. We are still working
in this area down here as to what the uncertainties should
be, the magnitude of the peak clad temperature uncertainties
to cover all the uncerfainties between the modeling and the
experimental data and the qualification.

DR. SHROCK: Could I interrupt you for a moment?

MR. WOOD: Yes, sir.

DR. SHROCK: In connection with the decay heat,
I don't regard that as a correlation, clearly in the same
sense as heat transfer correlation or correlations of
experimental data.

MR. WOOD: That's right.

DR. SHROCX: As Ivan pointed out earlier, it
indeed is the forcing function.

MR. WOOD: That's right.
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DR. SHROCK: We need to distinguish the forcing
function on the problem from the component phenomena such
as heat transfer and fluid mechanics correlations.

But now you pointed out that there is sensitivity
to the uncertainties or the inaccuracies that you introduced
into the calculation to deliberately selected conservative
correlations. Now, I've had some difficulty with the
presentation you made last June in Idaho Falls on exactly
that ground. What you've done with the decay heat
evaluation is to remold it into a conservative decay heat
curve which goes back then to the older concept that we
can define a decay heat curve and apply that in all instances
as essentially an upper bound on our forcing function.

I think that got you into difficulty previously. If you

do it acain, it's going to get you into difficulty again.
What I read in that report is, here is a conservative
evaluation of a decay heat forcing function which we propose
to use in our evaluation model and I find that in conflict
with the description that you just —-ave us.

MR. WOOD: And I must confess that we probably
still have a lot to learn and decide as “o what the trade-off
should be on the number of situations we analyzed versus
the fidelity which we hold to realism and --

DR. SHROCK: We had difficulty in that meeting

understanding exactly what G.E. was asking NRC to approve and
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for me at least it would be helpful if this brief presenta-
tion that's going to be made tomorrow could be preceded
by some documentation that would update what it is that
G.E. has requested. I'm still not clear that certainly
in my own mind, this was not well-defined. I wrote that
in my report to the ACRS and I fiink that it remains in
that status. So, if there is an update on it I'd
like to know what it is so I can look at it before that
meeting tomorrow.

DR. PLESSET:. Did you get Professor Shrock's
report on that meeting? It was circulated to the NRC.

MR. SHERWOOD: I don't think we did.

DR. PLESSET: Well, we ought to send it to them.
The Staff didn't make it available to them.

MR. WOOD: Some of the issues and I will check ==

DR. PLESSET: Well, we'll get it to you anyway.

MR. WOOD: Okay, good. Thank you.

Some of the issues that we're looking at in
terms of the apvolication of the Decay Heat and I won't
pre-empt too much of that and maybe we'll discuss it in
some more detail tomorrow, is for instance bundle type
depencde.ice. And we've got a large number -- a relatively
large number of so-called standard bundles that are slight
differences, one bundle to another in terms of average

enrichment or local peaking factors rhat are tailored to
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specific plants to assure specific cycle energy. One

of the questions we ask ourselves is should there bLe

a different calculated decay heat ratio =-- I mean, a decay
heat model or output for each one of those and we're looking
at -- we're concluding that small changes don't make enough
difference to make it worthwhile to try to analyze each
bundle type within a reactor that you can can kind of come
up with a generic bundle tyve without adding much conservatish
at all. Just take the worse one, because the water to

fuel ratio and the plutonium conversion ratio changes slightl:

.

as you know with a slight change in the nuclear design,
but those we concluded were small and so therefore, it
made a lot of sense “0 just take the worst one because
we're :a fractions of percent. Now, that's one example
and then you have to go look at a whole spectrum of
other examples and it becomes a judgement call. "This one
is big enough to treat separately." I assume that's the
issue that you're wanting to raise is, how do you make that
judgement call and when do you start using "generic"
calculations versus "specific" calculations. Okay. I
think I understand that's what it is you're after.

Well, this concludes what I had intended to
discuss. I'll say again that where we are to date, we have
completed our model, our benchmark.ng, our evaluation model

calculations in some cases so we can give you some specific
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numbers and you can see some time, temperature results.
We are still working in this area doing uncertainty analysis,
sensitivity analysis perturbing various parameters to see
what the effects ars to make sure that we've got the right
kind of coverage and margin to cover the uncertainties that
one could reasonably assess to be included here.

With that, if there's no further questicns, I'll
turn it to -=-

DR. WARD: I'd like to go back just == I'm kind
of slow, maybe at understanding but what you're saying
as I understand it now is that what you're calling the
proposed evaluation model, the SAFER/GESTR is with the
exception apparently of the decay heat curve what I might
call a best estimate mocdel. Tt attempts to calculate the
center of a probable distribution.

MR. WOOD: Yes. Our intent was to do that.
Now, it's a simplified model compmareé to TRAC, both in
dimensionality and all of the details and so it doesn't
£it the classic definition of best estimate but the intent
is to calculate your best, I wouléd say, estimate -- the
word fits,of what the real number would be. Yes.

DR. WARD: One other question. I guess another
approach that you know, you've benchmarked the SAFER
evaluation against the TRAC BWR, whatever it is. Another

approach would be to define a generic core if that were possii

ble
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1 | and make the parametric calculations using TRAC BWR with
2 | that and then allow for core differences. 1Is that
3 | impractical or that's apparently less desirable for some
4 | reason.
5 MR. WOOD: Well, the reason it's less desirable
6 | is that if you're -- like I say, if you're looking at a
7 | break spectrum to -- you know, a small value all the way
8 | up to a large one -- we run a large number of cases there.
9 | And if you're then, like I say coupling that with the
10 | location of the break, to do a complete parametric study
11 | on one plant is very undesirable. Now, we are however
12 | looking at the limiting events, you know. Our best estimate
13 | of what the limiting events are and that we will look
‘ 14 | at with TRAC. And then we will use the SAFER code then to
16 | £ill in all of tne other places just to make sure that we
16 | have indeed done the TRAC calculations in the area of where

17 | the limiting events are.

18 DR. PLESSET: Well, let me ask him a question first,

19 | Ivan. Just to make it clear -- is your code a l-dimensional

i

; 20 | code?

g 2 MR. WOOD: It is a l-dimensional code.

; 22 DR. PLESSET: And do you fulfill all the conservation
2 23 | laws?

MR. WOOD: Yes. |

DR. PLESSET: Well, the l-dimensionality is of interast
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you know. There's a l-dimensional code for PWR, that's
RELAP-5. Did you consider trying to adapt to your needs?
Is that an unfortunate question?

MR. WOOD: I would like to let Dr. Shiralkar handle
that in his description of SAFER or he can handle it now.

DR. PLESSET: All right, no, no, if he's going to
do it later, he can tell us why he didn't think of well,
let's take RELAP-S.

MR. WOOD: We did consider RELAP-5.

DR. PLESSET: You did.

MR. WOOD: Yes.

DR. SHROCK: Is your response that it is one
dimensional applied to the core or is that channels? Are
you working it as parallel one dimensional problems or
as a single one dimensional flow for the entire core?

DR. PLESSET: All right, let's let it go then.
We'll let it go for now, but you can see we're interested.

MR. WOOD: Yes. I expected that you would be.

DR. PLESSET: 1Ivan, did you have a comment?

DR. CATTON: With respect to engineering law,
sometimes the better -- sometimes engineering models are
better than detailed models where all you've donz is use
the uncertainties at a microscopic level.

MR. WOOD: That's true.

DR. CATTON: So I really wouldn't downorade the
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MR. WOOD: Okay. Clearly, our intent here was
to develop the best model we could within constraints that
resulted in a practical running time and the ability to
use it in the design process as a production tcol.

DR. CATTON: There's more to it than that. You
are actually developing a model at the level of your doing
the experiment.

MR. WOOD: Yes, yes.

DR. CATTON: You're not developing a model where
you have to go out and run a bunch of other experiments
or look for data that doesn't exist and I think that's =--

MR. WOOD: That's true.

DR. TIEN: 1I'd like tomake some comments. In
relation to, also I would just mention that I think the
engineering model are detailed models. It's really a part =--
first of your input information and certainties and then
the final outnut, sensitivities margin is wrong (ph).

Now when you are developing more and more sophisticated

code and also larger and larger like TRAC and so on, I

think it's much more important to trace also the uncertainty
propagations you know, from different components, different
correlations --- another one is wrong (ph) and so it would
not get completely loss and also the second point is, in

terms of your input and certainties you must weigh certain
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kind of say, probabilities or some expectations there,
otherwise you just use the upper and lower bound. You
actually prcbably propagate that into a very unreasonable
you know, degree, and I think it is very important in
a’'large detailed model, you have some kind of at least
built in systems so that you can keep track in checking
some of the, both uncertainty propagations and final
sensitivities.

MR. WOOD: And your point is well taken on the
probability of the uncertainty, the various elements of
the uncertainties and we have attempted to look at that in
terms of our input to try to jaintain some balance on
what the probability of an input variation and what it's
impact on the calculated results are and you're absolutely
right. If you ignore =-- if you simply perturb input
values without regard to the probability of them being
that far off, you can lead yourself into an area where
again you lose some confidence in your ability to know
what the real uncertainty is.

DR. TIEN: I reallv feel a large code, sophisticated
code -- perhaps you shou/d have also some built in relatively
approximate, you know, like what, I have just mentioned.
Also, so that you can have some kind of comparison.

In fact, just like sometimes the engineering model because

they have some beauty in this microscopic impactions (ph)




fomm 2084

ervel

PENGAD CO.. BAYONNE. N

10

n

12

13

14

15

16

17

18

19

21

23

24

25

39

and that's, you know, averaged out and actually give you
much better -- so if you're having codes which can somehow
do something like that and make some internal comparisons
which will really serve a lot of good purpose.

MR. WOOD: Yes, one of the things, by the way,
in keeping with this line of thought, that we are in the
process of doing, have not completed yet, is to looking
at the details in the calculated output of the TRAC model
versus this engineering or evaluation model and in using
then the judgement and the experience of the engineers
who have seen the experiments and who understand the phenomen
in trying to understund what these differences are and
we're in the process of doing much of that right now.

DR. PLESSET: Well, thank you. You can see that
there has been a lot of very stimulating thoughts to your
presentation. I don't want you to forget what Mr. Ebersole
mentioned. A lot of this is in an unrealistic world and
we've gcec to keep that in mind and what we really are
maybe going to want eventually is some simple fast methods
of analysis which can be built into operator procedures.

MR. WOOD: Yes.

DR. PLESSET: Okay. Well, with that little comment,
maybe we can go on.

MR. WOOD: Okay, very good. 1I'll turn it over to

Dr. Dix now who is going to move into the area of looking at

a
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some of the results of our experimental data that has
come primarily through the joint NRC/G.E. EPRI programs,
but also some, quite a bit of the other data.

(Pause)

DR. DIX: Good morning.

(Slide)

DR. DIX: My name is Gary Dix and I am manager of
Core Methods in the Nuclear Fuel engineering department.
This morning what I'm going to try to do is take about an
hour and see if I can capsule for you about ten years of
experimental technology development in BWR safety. Now
that's going to be a fairly broad brush but I think if
I concentrate and just focus on the highlights and not
carry you through the ten years but tell you what did we
really learn, I think I can accomplish that objective
here this morning and give you a good feeling for the
experimental background that we have to support the model
developments that you'll be hearing about the rest of these
two days.

(Slide)

First I'd like to start off by just characterizing
what some of the big experiments that we have for the
Boiling Water Reactor are and some of these I'm sure you'll
be very familiar with anéd others perhaps not but I thought

I would just go through and give a very brief description of
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1 | what these are as an initiation p-int and I'll come back
2 | and actually show you some characteristics of some of

3 | these subsegquently.

4 One of the main real workhorses that we've had
5 | around for a number of years and in fact it': now been

6 | replaced is the facdlity we call the Two Loop Test

7 | Apparatus and this facility has been operating actually
8 | in various modes. We set it up initially to be a system
9 | response fac.lity, a one-dimensional facility where we
10 | took advantage of the feature of the BWR that we have

11 | channels in the core and therefore each fuel bundle is
12 | isolated and operates, communicates only with the plenum

13 | at the too and the bottorm and thereby that allows us

o

14 | to do some pretty good one dimensional tests of these
15 | features by putting in a full scale channel and then if
16 | we can simulate by having the rest of the system wrapped

17 | around it in a scaled fashion =-- if we could simulate the

foRw Loee

'8 | input and output conditions on that channel, then we
19 | can get realistic heat transfer performance and flow
20 | conditions within the fuel channel, so the Two Loop

21 | Test Apparatus was really the first facility that we

CO. BAYORNE. N SYom2

22 | had that went that direction. We scaled all of the remaining

FPENGAD

23 | reactor system down so that we could drive this one
. 24 | single channel in a real, real time response.

25 Now, that facility as I said, has been a workhorse
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for a number of years. We dismantled that facility and
we're just now putting in an upgrade at that facility
which we call the full integral simulation test and what
we've done is stretched out the two loop test apparatus.
One of the compromises that we had in that facility was,
it was scaled in volume but not necessarily in vertical
height.

With the emphasis following the TMI incident, the
greater emphasis now on small breaks and other transients,
there are much more of those transient considerations which
require gravity driven heads be accurate and therefore you
must have full heicght in order %“o get a complete realistic
simulation of those transients. So basically, the full
integral simulation test or FIST as we refer to it is a
stretch out and getting rid of those vertical scaling
compromises. Of course, since we were putting together
a new facility there were several other compromises, the
Two Loop Test Apparatus was experimental technology of
about 8 or 10 years ago. We have since developed a lot
of techniques now for improving how we bring the power in
SO we can get more realistic simulation at the very top
and the bottom of the bundle. We also put in realistic
fuel channels, got better heat transfers, so there are a
number of rather subtle but general improvements in the

simulation. The key one though is it's stretched out and will
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allow us when we're running these tests which will occur
over the next couple >f years to confirm our prediction
capabilities now with a new facility and with a little
more realistic reactor simulation.

Another one you are probably aware of is the
Steam Sector Test Facility. This, in the BWR as I said,
we have capabilities to actually get realistic fuel channel
simulation with one bundle because of the channels that
exist in the reactor. But what you miss in these one
dimensional facilities is any kind of interaction between
the channels and in particular you miss any three dimensional
effects. We do things like the coolant injection spargers,
the spray spargers are injecting liquids around the perimeter
of this large vessel so you would expect to get some
significant amount of radial variation in conditions if
you had an emergency cooling system coming on, so we developed
a very large scale facility and in fact it's placed at a
General Electric facility in Lynn, Massachusetts where
they had some extra steam coming off a power plant. 1It's
of that magnitude. We have in this facility a 30° pie shaped
sector that would be cut out of the Boiling Water Reactor.
Actually, it's one of our later -- BWR-6, what we call a
218 plant, a 30° sector of that includes the fuel channels
and all of the remaining facilities. The plenum region

above the fuel channels, our separator has a lower plenum
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below it and a simulation of the jet pump so it's a rather
complete simulation of a 30° sector. That includes 58

fuel channels or partial fuel channels in this pie shaped
sector so we get a lot of opportunity there to look at not
only the full radial dimension, what kind of radial

effects we might have in the upper plerum, but also a number
of fuel channels that can interact.

MR. EBERSOLE: May I ask a question?

DR. DIX: Sure.

MR. EBERSOLE: How do you expect the pie shape
sector to get a microscopic picture of the fluw distribution
brushed and spray when you really don't single ou* (ph)
the circular cross-section? Is the simple reason might
be the hottest you have, the greatest =--- in the center?

It seems like the pie shaped section would automatically
give you inaccurate results because you're not synthesizing
a circular cross-section.

DR. DIX: I will be covering that a little bit
more but let me give you a very brief response on that.
With respect to spray distribution, you cannot get a full
spray distribution in a pie shaped sector. That's very
true. The central region does not have the interaction
from adjacent sprays that would be coming out that are
missing or from the sprays coning across. With respect

to spray distribution therefore, we did not use the 30°
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sector as our primary experimental basis for evaluation

in development of soray distribution. We used the 30° sector
in fact only for confirmation that we knew how to go from

an air facility which had the full 360° spray distribution,
from an air environment to & steam environment, so we

simply for that particular feature used this to check out

the analytical models and we set the model up for the 30°
sector and then ran the test far the 30° sector.

The primary pay off of the 30° sector was to look
at multiple channel interactions on an overall system
response and also to look at what happened in the upper
plenum when you build up a pool of two phase liguid which
is what happens for mcst of the transient in a Boiling Water
Reactor. And for that, the primary area of interest turns
out to be right out at the outside of the perineter of the
reactor where you have the very cold liquid being injected
into this pool of liquid continuous two phase mixture
and it does a rather good job out there. 30° gives you
enough region such that the wall effects are fairly
negligible.

DR. WARD: Let's see. Yousaid in the Lynn facility
you have 58 channels simulated. What's simulated in the
channels?

DR. DIX: 1In this facility, because of the large

number of channels, we did not use heated fuel roés. Instead,




1 | we used short fuel rod dumvy segments if you will, to get

2 | the right xind of flow characteristics and then we injected
' 3 | steam into the channels to simulate the vaporization that

4 | would have occurred off of heated channels.

5 We also had reactor hardware at the top and bottom

6 | of the pie plate regions where we felt it would be most
7 | important to simulate the counter current flow characteristici.
8 Some other facilities now, the bottom four that
9 | I have listed onthe chart are Javanese facilities and you may
10 | or may not be familiar with these. We have had very
11 | close interaction with these Japanese facilities and in fact
12 | as you'll see, there's some close ties between our own

13 | facilities and the facilities in Jepan. 1In particular,

-

14 | the one that I have listed, the 18 Sector Test Facility
15 | was actually an offshoot that Toshiba developed when they
16 | saw the facility that we were developing and we worked with

17 | them. The features of the 18° sector are similar to the

fomm

'8 | Lynn facility. However, it's a slightly smaller pie shapned
19 | sector. 1It's only 18°, therefore has a lesser number of
20 | fuel channels in it and it operates at atmyspheric pressure

21 | rather than being a high pressure facility as we have at

CO. BAYONNE N SVo2

22 | the Lynn facility. Now, the key fcature, however, that you

PENGAD
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get out of this 18° sector is with the low pressure they were
24 | able to put in very large windows in various locations so

25 | you can actually look in and see the phenomena going on.
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This proved to be very valuable because the instrumentation
that was installed into this facility was approximately

the same as the instrumentation we had in the Lynn facility
and of course, the Lynn facility ends up “«ing in a very
large pressure vessel so you're entirely dependent upon

the instrumentation to interpret tihe phenomena.

We had the same instrumentation in the 18° facility
plus we have the luxury now at low pressure of having
windows so you can actually look in and take photographs
and high speed film. We found that fortunately, most of
the interpretations that we were making of the instrumentatio
in Lynn were in fact, fairly straight forward and were very
well supported by the visual observations that were made
in the 18° sector, so this is a very nice complenentary
facility.

There is also a 60° sector so we have a slightly
larger sector now at a facility in Japan at Hitachi and
this one was focusing only on the upper plenum. The Lynn
facility and the 18° facility actually had the rest of
the system components so you could lcok at how the
system responded. The 60° was just looking at the upper
plenum. Results came out quite similar, again quite
complementary, too, so we ended up having three sector
facilities looking at least at the upper plenum region.

DR. TIEN: Gary, couid I ask a question? All this,




-
FoRm 2094

CO.. BAYONNE. N1 GYom2

PENGAD

10

n

12

13

14

16

i6

17

18

19

Pa|

22

23

24

43

you know, sector tests, high tests of course assumes
sector of symmetry, especially for upper plenum where you
have under CCF conditions, based on your experience do you
see actually, really, you get very good circle of symmetry
or actually the flow situations and resorting in say CCFL
breakdown is quite asymmetrical.

DR. DIX: This was one of the key cuestions indeed,
since we are always assuming circular symmetry when you
start breaking it up into a pie shaped sector. It turns
out, perhaps not surprisingly because the BWR is built
with quite good symmetry. Everything is flowing axially
is coming in uniformly radially, that the results from
the Lynn facility suggest that even the CCFL breakdown
happened quite symmetrically. For example, and I'll be
getting into this. I'm sort of pre-empting where the
conclusions go, but what happens is, when you have a pool
of liquid sitting in the upper olenum and you turn on
these cold sprays, the cold liquid penetrates down and
you get breakdown in the peripheral channels and we found
indeed that virtually all of the channels broke down almost
simultaneously around the periphery and this was one of
the key elements in interpreting were we getting some wall
effec”.s or were we inducing some kind of asymmetrical flows
and it appeared not, that we would get a very nice breakdown

of all the channels and draining entirely in the periphery so
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that's our primary interpretation, that in fact the symmetry
does hold even for CCFL breakdowns.

Okay, I should point out, I implicitly commented
on it, that these three sector facilities had a lot of
bundles and therefore all of them took the same approach of
naving steam injection, rather than having heated rods,
so the last element then, you might quesion, we have
single bundle heated effects here. We have large numbers
of bundles with these facilities. Is there some possibility
that when you get multiple bundles and they're heated you
get some new phenomenon occurring? And fortunately again,
we have a couple of nice facilities in Japan that are
addressing that point. One is at the Japan Atomic Energy
Research, the JAERI laboratories, is a four bundle system
facility built with the same kind of scaling philosophy
as the TLTA or the FIST facility, that is, drives the
channels, have the rest of the entire BWR system simulated
sO it puts realistic input and output conditions on the
channels, but here instead of having one channel it has
four channels.

DR. PLESSET: Aren't they half height?

PR. PIX: I'm sorry?

DR. PLESSET: Aren't they half height?

DR. DIX: Yes. These four channels are running

half height and the other facility which then is sort of a
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to address the guestion of half height, another facility

was built at Hitachi laboratories in Japan which now has

two channels and these are full height. In fact, this

two chanrel facility is almost the comparable of the FIST
facility. It has some very minor limitations in the simula-
tion of the separator height and the vessel height above

the steam separator, but it is almost the full vertical
height in addition to -- it does have full vertical height
within the fuel channels so two good facilities here to look
at multiple channel interactions with heated channels.

What I'd like to do now is start carrying you
through the evolution of the technology and this will go
fairly fast but these are the highlights.

{Slide)

For calibration I thought I would point out what
are we really doing in the licensing model, just so that you
understand where we're starting from today and this
sketch is a fairly accurate picture of the assumptions
somewhat implicit in what the phenomena would look like
and what the cooling distribution looks like in the reactor.
If you literally interpret what's in the licensing model,
we spend an awful lot of time in a situation where all of
the coolant has drained out of the ccre region. We have

a vaporization going up through the top that rest-icts and
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allows only a small amount of liquid to come down. We're
putting far more coolant into the upper plenum than is
allowed to drain by the calculations so it in a sense 1is
completely filled with liquid, although that doesn't enter
in in any practical sense in the calculation. Liquid

then slowly runs down through =-- a small amount cooling
the core, a small amount, and then drains into the lower
plenum which is calculated to completely empty out in

most cases or in many cases and then slowly refills back
up with this limited amount of liquid that's allowed to
run down and eventnally will £ill back up and reflood the
channels and cool them off. 1In the mean time, we have

no coolant associated with the steam

that's flowing up through here and out the top. we have
only the coolant associat=2d with what we refer to as the
spray dripping down from above so this is a large part of
what we do as far as the ohysical picture with the current
evaluation model.

(Slide)

Now, the technology evolved quite a ways just
based on a single channel experiments and in fact, just
based on the Two Loop Test Apparatus and some associated
separate effects, heat transfer studies, just the key
though, single channel model development and we did do

a lot of studies. Unfortunately, a lot of the separai:e
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effects, heat transfer studies were oriented at that
picture that I just showed you, that is, a channel sitting
here and having a little bit of ligquid coming down from the
top and having to be cooled over a very long transient
period an4 then finally reflooded so these kinds of

tests -- there's an awful lot of data there that isn't

very fruitful in the real world but was very important

to our evaluation mocel. The more important ones are

what we call the integral systems tests. What really
havpens when you cut the thing loose when you cut the
thing loose with this being our Two Loop Test Apparatus.

Now, what we've found and these are the two
highlights, I guess I would say, is that while the CCFL
as you can imagine from that rrevious sketch is very, has
a very adversr. effect on peak clad temperature in a licensing
calculation, trat being that it keeps the liquid from
draining down in either putting a lot of liquid in the core
to cool it and more importantly so the licensing model
slows down the rate at which it fills back up and finally
refloods.

In contrast, we found that CCTL is quite favorable,
so our old adversary, after the changes in the rules about
1975 has really in fact become our friends and is a very
favorable effect for the BWR. 1I'll show you how that

comes about. In addition, and not very surorisingly, we
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get very high heat transfer througtout the transient and
I'll show you how that comes about as well.

First I thought I would just try to give you
piclorially now the view of the BWR and most of the
transient if you take what we have learned out of single
channel tests so this would be the view now. It's evolved
to this noint from single channel tests and the key thing
that happens, we find that vaporization from the lower
plenum -- first, I should say the lower plenum retains
an awful lot of liquid. In fact, in the single channel
test, we found that the liguid moveu down to the sottors
of the jet nump diffusers and would stay at that elevation
then throughout the remainder of the transient so you have
a lot of liquid in the lower olenum and as you denressurize
with a break, that liquid vaporizes and the vapor goes
partially up and out the jet pumps and partially goes up
and through the fuel channel.

But we found, and not again too surprising if
you think about what's really happening, we have a fairly
tight inlet restriction at “he bottom for stability and
normal operation and this ends up having a fairly
restrictive counter-current flow or CCFL characteristic.
So, the vapor that coes up through the channel actually
highly restricts the amount of liquid that can run down

and what we found is th>t the channel stays full of ligquid,
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a two phasze mixture for quite a long period and in fact,
in the single channel tests as 1'll show you in a moment,
the liquid at some later time .oes drain out about 40 or
50 seconds after the break would be assumed to occur.

By that time, you've gotten rif of all of your stored
energy and you're only dealing with the Decay ileat.

Then, interestingly when <he liquid drains out of here

of course, it also drains out of the byvass region. The
bypass actually drains into the bottom of the fuel channel.
There's some leakage patlis here¢. This drains out. But
then when the coolant systems come on, you gquickly fill
the bynass back up again and what happens is this leakage
path now lets the bypass liquid run into the bottom of
the fuel channel and once again, our friend CCFL at the
bottom doesn’'t let that liquid drain out and you Zill up
the channel, even though you haven't filled up the lower
plenun.

VOICE: (From audience, inaudible questicn.)

CR. DIX: Yes. Well, account for -- let me
clarify. We accounted fcr it, we included that in the
Lynn tests. In these l-dimensional tests I'm referrina
to, you really don't know exactly how to characterize
that. 1In the Lynn tests we did an< we found that our
characterization in the single channel tests have been

quite conservative, tha: you actually get more drainage
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into the bypass than what we had assumed.

VOICE: There's plenty of room for water to
seep around it.

DR. DIX: Ye:, yes.

DR. CATTON: One other thing. When you've
got a channel with a lot of fluid in it like that, you're
going to have a lot of entrainment (ph) in the steam that's
going up through the ton. Do you account far the effect
of that entrainment on tha CCFL?

DR. DIXN: We do implicitly by having obtaineé
the data with a similar situation. VYou're referring back
now =-- let me try toc separate. In cur current evaluation
model, we use a CCFL correlation that is based on data
that had entrainment in it but we d‘d not explicitly
account for entrainment, In our TRAC model, we in fact
explicitly calculate and accoyut for entrainment so it
depends on the +wo worlds that you're dealing in.

DR. CATTON: I understand. "We'rs headed more
towards hast estimate on that guestion.

DR. DIX: Yes. In the TRAC code we account for it.

DR. CATTON: Somehow the proper amount of entrainrent
you calculate the proner amount of zntrainment and then you
have to know what that amount of entrainment will do tc the
CCFL and put the whole thing together.

DR. DIX: Yes, if you want to do it analytically,

a4
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that's a correct statement. You could also run an
experiment in which you had CCFL and then you =-- and rur
the experiment under the conditions of the =-- that the
plant would experience and then just groussly correlate the
results of that.

DR. CATTON: That's certainly true, providirg you
know that you have the same circumstances at the same time.
I'm not sure that you =--

DR. DIX: Sure, there's always a limitation if
you try to make that --

DR. CATTON: As you indicated, the fuel is
only sirmulated (ph) and it's not full lencth and it's
probably not heated the same at the same time. All kincs
of questions like that would have been raised. We'll
come back to this more wher you talk about your --

DR. TIEN: Maybe I just ask some information.

I understand what you mentions, you -- I guess I was aware
of that test vou have, actually going through the sector
that water was, air going through. Based on that, you know,
take into account this entrainment. But we have at
Berkeley performed extensive tests in the last two or three
years. Prof. Gail McCarthy and so on was entrainment =-- and
so, interesting enough we find in terms of CCFL breakdown

we didn't -- well, we did only the adiabatic tests. We just

arbitrarily out the more entrainment particles, particle wategs
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into it. It did not affect that much except not maybe
applied to your case, the liquid cari - -over has tremendous
effect, you know the =-- due to entrainment. But in terms
of CCFL breakdown, not that much effect. This is just
our very recent research information.

MR. EBERSOLE: May I ask a questior? Is the top
of the diffuses remained at two-thirds core height through
a.l these years?

DR. DIX: Yes, that's correct.

MR. EBERSOLE: Also, I recall way back when,
the core spray function was not -- couldn't meet the single
failure (ph) criteria and that you might end up with one
core spray system out of the two that you had. This left
the core spray function per se in the old design, inadequate
from the spraying viewpoint to cool the top of the core
and you depended on cooling being derived from the two-thirds
core height, the flooding node of cooling and the froth (ph)
coolina mode. VYet there was a Juestion at that time whether
that cooling essentially would persist in comparatively
lonc times into the shut down because of the actual
depression of the power level. Has all that been straightene
out over these years?

DR. DIX: Yes.

MR. EBERSOLE: It's just a bit of histcry to me.

DR. DIX: Okav. le: me try to hit on a couple of
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those points. The spray cooling systems can have a failure
of one of the spray systems, therefore you can have ope ‘tion
with only one spray. Under that situatioca you do get and
again we're now talking about the previous picture that
I had portrayed with what happens with the bundle sitting
empty and liguid only coming from the top. You would still
get the coolant coming down from that spray and that does,
even under the licensing current model calculate some heat
transfer and that allows for a heat up that will go up and
indeed, 1n order to a2void exceeding the 2200° limit, you
have to get the reflooding occurring soon enough to turn
that around, yet the spray itself would have cf course,
turn it around eventually, but it would not meet the 2200°
Fahrenheit limit if you did not go ahead and calculate a
reflood.

Once it has reflooded, the gate flood heaé that
is imposed at two-thirds height that is imposed by the
jet oumps will put a similar liquid head in the core and
because of the power addition then, you will get swelling
and you actually keep the core full until the pcwer drops
aown to a very low level and it's in the range, I don't
recall the number exactly but I think it's less than 10 Kilo-
watts Dbefore you will actually start pulling a level in
here, just balancing against the liquid head out here and

at that point, the heat transfer just due to the steam that
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comes off from the vaporization is enough to easily handle
that, that very low power level.

MR. THEOFANOUS: Let me ask you, I meant to ask it
on this process of accumulating the liquid in the bundle
after the bundle has emptied and then from the bypass.

Are you planning to discuss this in some detail?

DR. DIX: What I polan to do is show you some data
that illustrates that, yes. I can discuss it. Maybe I'll
show you that data and if there's some specific guestions =-=-

(Slide)

Okay, I think this is covered in the k' y elements
of the world as we see it from the single channel tests.
Probably the key item to note is that CCFL at the to» now

is not very important it turns out to us because the

exact rate at which the liquii falls through here under .
these conditions is probably, it has some minor influence |
on the heat transfer above the ligquid level that's in the l
bundle, but the bundle is only uncovered for a relatively
small time and the steam cooling that you get, even if é
you didn't have the liquid is quite good so while this

1s very important in our current licensing model, it turns
out to be relativelv unimportant in the phenomena as we see it
in the experimmant, but it's counterpart, the CCFL at the
bottom now becomes extremely important.

This is now just some actual data that shows that
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response that I characterized. On the side is a depiction

of the two~lip test apparatus in full height so the fuel

channel here is a full height fuel channel. As I indicated,

the lower plenum is of course, much shorter than the

reactor dimension would be as well as the region above

the upper plenum.

What I have depicted on here is an indication cof

the level in various locations and I'd like to highlight

first the level in the fuel

dashed line and you can see

bundle itself is this heavier

that the level stays up --

actually it's up in the upper plenum, stays up for some

period of time and let me clarify this a little. %hat we

find is, tha* the level stays up in the fuel bundle until

the lower plenum lzvel moves down to the bottom cf the jet

pump and that's happoening because until the level

gets to the bottom of the jet nump, all of the vapors from

flashing in the lower plenum is forced to go up throuch

the bundle and there's just
bundle -- it's just sittina
plenum is dropving down and
close to the bottom of here,
flashing vapor can exit out
the break and at that point
instead of going up through

at least the reduced amount

no drainage going out that
there so the level in the lower
when the level gets down

then we have a path where the
through the jet pump and out
then the vapor does that,

the channel and the level or

goes up through the channel and
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the level in the channel then comes down pretty fast, so

it's just a matter of, we've got it bottled up in the bottom

until it can clear itself at the bottom of the jet pump.

The level in the channel comes down quite fast and then

because there is a drainage between the region, the bypass

region outside and the channel, the bypass then starts

draining into this now empty channel and you see the bypass

level ~omes following right behind it, a little bit delayed.

Now, as I mentioned, the level in the lower plenum

went down to the bottom of the jet pump and it just hangs

there in the single channel tests.

Out in time we start getting the ==

MR. THEOFANOUS: Excuse me. A question. [ guess
I don't see the -- unless my figure is distorted from the

copying, it looks to me like you're draining before the

level reach:s the bottom of the jet pump. I think the

moment that the level actually -- the moment that the level
comes ~-- even begins to decrease a little bit, you already
start draining?

DR. DIX: Yes, indeed you are.

MR. THEOFANOUS: I think you said that they start
draining after the thing reaches the bottom of the jet pump.

DR. DIX: It starts really coming down when you

get down here but it's true -- as soon as you pull a level,

you are indeed draining some out of the channel. Your point
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is well taken. It is not absolutely blocked up. You are
draining some.

MR. THEOFANOUS: It looks like you have stopped
draining by the time you are half way between the top and
the bottom of the jet pump.

DR. DIX: There may be an artist conception problem
on the figure but in actual fact, you don't really start
draining this out until you can get rid of the vapor going
back out the jet pump before it really starts crasiing
down.

DR. CATTON: The bundle level is actually the
solid water level too, isn't it?

DR. DIX: Well, these are from conductivity cells,
so we are in fact -- I have plotted here the actual level.

DR. CATTON: 1It's a nice clean interface that's
£alling?

DR. DIX: Yes. It is a very clean interface.

It just moves down through the bundle, falls down through
the bundle.

MR. EBERSOLE: You didn't say what the accident
mode was. I assume it was a large suction line break?

DR. DIX: I'm sorry, yves. What I'm showing you
here -- most of our work was done and in fact the facility
is scaled such that it's pretty accurate for a large, what

we call a design basis accident, the suction line break.
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MR. EBERSOLE: Suction line.

DR. DIX: Okay, the emergency systems come on
then and probably the most important one is the LPCI that--

MR. THEOFANOUS: Excuse me, another question. 1Isn't
that heated? It is, isn't it?

DR. DIX: Yes. Yes.

MR. THEOFANOUS: Don't you have any continous
vapor production during this time of draining?

DR. DIX: Sure.

MR. THEOFANNUS: Don't this vapor production of
the bundle will push also liguid out beth ways?

DR. DIX: Well, you're saying do we get a particular
high pressure drop due to the vapor formation. I think
the answer to that is no. WYWe do have vapor formation going
on in here but I “hink you just have the cdensity head pretty
much driving it. 1It's not a huge production. The power
is dropping off very rapidly so it's not an explosive
character. I think it's pretty much draining under the
density head primarily. There is some acceleration component
of course, due to the vaporization but I don't think that's
a large factor compared to the density head.

MR. THEOFANOUS: I would think that the stem (p)
would be pretty high at this point and you said that the

level comes out very very clean in answer to Dr. Catton's

question. I just, I can't see that. I don't see a single
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phase level coming down. I think that should be very much
to face (ph) and very much swelled (ph) and trying to, this
thing trying to get out and get us some --- maybe I'm wrong
but I don't see --

DR. DIX: Well, I'm quoting ==

DR. TIEN: Part of the problem, the water level
drops very fast if you look at a curve, so you actually have
a tremendous vclume generated in a very short time.

MR. THECUFANOUS: That's what I'm trying to indicate,
I guess and I think that Gary disagrees with that.

DR. DIX: All I'm doing, Theo, is telling you
what we see. The single levels are rretty clean. Youv can
tell pretty we!l when you have, you know, what we're looking
at in a conductivity cell is =- you get a mixture of ==
you're seeing the two phased mixture. When the bubbles
are there, the conductivity cell gives part of the time
liquid, part of the time vapor and once it passes, you get
a pretty clean signal that it is predominantly vapor. Now,
indeed, there's a lot of liguid entrained in that, but when
you look at a conductivity cell, you'-e saying, do vou have
a liquid continuous region or do you have a vapor continuous
region and you can get a pretty clean indication of that
from these conductivity cells and it is, I'm sure it's in |
there pulsing and surging around but it in fact is pretty

clean that you can pick out that you're a predominantly a poou
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where you have a relatively low void fraction or a low
fraction of the time you're seeing vapor versus predominantly
a vapor ==

DR. SHROCK: Gary aren't your probes, aren't they
wall electrodes?

DR. DIX: Yes.

DR. SHROCK: So really what you're looking at
is the draining of a film and you're not really looking
at when it's two phase or a single phase across the channel,
when the film drains past the electrodes then it --

DR. DIX: ©No, I think I probably misanswered --
let me see if I can get a clarification on exactly how far
they do penetrate in. We were trying to avoid getting into
the film area. Gary, do you know how far in detail those
probes are in?

MR. SO2ZI: Gary Sozzi from General Electric.

There's a combination of three elements that you
can use to detect a mixture level. As Gary pointed out,
the conductivity probe =-- in conjunction with the conductivity
probes, spaced over one foot increments along the 12 foot
channel where differential pressure transducers, and also
on the heated rods themselves were thermo-couples placed
very close to the outside of the cladium (ph) and what you
see is a very consistent pattern as the mixture level as

indicated here is dropping, you get a corresponding indication
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in the pressure drop measuring the elevation head and you
see it going from a liguid continuous media to a vapor
continuous medium and at the same time as the mixture level
drops, you start getting an indication of heat up on the rods|
To the left of that line, the rods generally are in nucleat
(ph) boiling staying well-cooled. And to the right side of
that line, you start seeing a heat =-- you start seeing heat
up on the actual rods themselveg so there are really three
pieces of information © construct that one line. Does that
help?

MR. THEOFANOUS: That helps me. I think without
belaboring the point very much, I want  ° say that the
phenomena I think is important and I think we need to
understand it and I guess that the information that is
given there is not enough for me to understand really
what's happening there.

DR. PLESSET: I thin). that's right, Theo, they've
simplified it and condensed it. A lot more goes into
it than what we're hearing now.

MR. SOZZI: Maybe one other point that Theo indicate#
and that is that the -- below this mixture level there is a
board fraction. There is vapor that is contained below
the liquid laval.

MR. THEOFANOUS: Okay, that helps me, too.

o=

MR. S0ZZI: It is not solid water. Maybe that wasn'
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clear.

DR. PLESSET: That makes him happy. Let's go on.
I think we're running a little bit behind.

DR. DIX: Okay, let me try to finish up the dis-
cussion of this point. As you see, once the emergency
systems come on and as I say, a very important one of that
iz the cooling injection which is putting liquid directly
into the bypass region, you're getting more liquid in then
thin can drain through that leakage hole in the bypass so
the bypass starts refilling it's cycles a little bit
and fills up and now because of the CCFL that the inlet
orifice and the leakage now from the bypass into the
channel, then the channel refills even though the lower
plenum stays empty so that's a fairly cryptic description
of the world that we saw in a number of this single
channeled experiments.

DR. CATTON: Does that ciagram say that the
channel goes basically via the bypass?

DR. DIX: That's correct -- well, it's actually
both. Both are contributing.

DR. CATTON: The slope on that level curve lcoks
like it comes mostly from below.

DR. DIX: Mostly it is. Mostly from the bypass.

Yes, the bypass is the dominant, the leakage in from the

bypass is the dominant effect here.
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MR. EBERSOLE: The HPCS is not very important
to this transient is it, because you don't even have it
in the older plants.

DR. DIX: Well, I'll give you an answer. I can't
get from the single channel test -- from further studies that
we have done, particularly with the TRAC code, the HPCS does
in fact influence the overall transient; to say whether it's
important or not, you don't have to have the HPCS but in fact
it does change the transient to get cold water in very
early in the transient.

DR. TIEN: Gary, may I raise one point here. Maybe
you come back, | don't know. It is so important, this
lower level CCFL so in your best estimate or the <valuation
monitor, you used some kind of correlation. Do you have
a lot of experimental data and you know, also kind of a
nhysical model understanding about the lower opening,

CCFL type and because most of the data and the literature
and so on studied has been mostly on the top, either
type plate (ph) or single channel on the top CCFL.

DR. DIX: Yes, since the answer we have in fact
taken quite a lot of data -- that particular characteristic
is somewhat illustrated here. The entry region instead
of being vertical is actually horizontal so the steam flow
18 actually going in horizontally and the liquid is running

out horizontally at this restriction so it's quite different
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than typically where you have a vertical situation and
the two flows are going vertically. We find that in this
region you actually have -- the flows are stratified and
so you're getting again a different characteristic as far
as a CCFL, the phenomenon itself. We have taken a lot of
experimental data on it. It turns out that the characteristi
are not significantly different, almost surprisingly
than the normal vertical characteristics, but they do have
some unigque features to it associated with the particular
geometry and we've had to develop that from a large data
base.

DR. CATTON: 1Is it fair to say that the bottom CCFL
1s what's allowing that channel to £fill?

DR. DIX: Yes.

DR. CATTON: So then your experimental sinmulation
is very important.

DR. DIX: That's correct.

DR. CATTON: Youwould almost want us to use the
exact hardware (ph), wouldn't you?

DR. DIX: 1Indeed. In the Lynn 30° sector, we
went exactly %o reactor hardware with all of the -- this is
a rather complex flow passage in here and so we had to go
actually to the actual reactor testings.

DR. TIEN: I don't know whether we're coming back

to this topic later again but I would certainly like very
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much to know more because it's very crucial you know,

for the bottom CCFL and whether the data base and also the
all the information, you know, is very solid built into the
code.

DR. DIX: Okay, we in fact, our primary focus
today will be not on the experiments -- I'm trying to
give you an overview of the experiments with obviously
much simplifications. During the course of the model
discussions, we can try to amplify on that point, but
we didn't have prepared necessarily a detailed discussion
of that so we'll try to amplify it there.

MR. EBERSOLE: Am I undsritanding that what used
to be a ferocious flap about spray distribution on top
of the core rezlly didn't have any real meaning?

DR. DIX: For the jet pump BWR's core spray
distribution, it has virtually no meaning.

MR. EBERSOLE: G.od.

MR. THEOFANOUS: On the same topic, I'm afraid
there's a somewhat detailad gquestion again. Your inter-
pretation here is that you have the bundle £illing up
because of this current limitation. Now, what that means
is, another way to look at that is that you're building
Up pressure or you are able to maintain pressure in the
lower plenum. Now, the reason you do that is because

presumably the pressure cannot really fall by the venting
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with two things. Number one, you have correctly modeled
the venting capability of this lower plenum, vis a'vis

the increased wall heating that you have in the small sized
lower plenum as opposed to the full scale BWR. Now,

of course you realize that over there you have all kinds of
other controls and so on, but -- and other structures,

but have you looked into that aspect of it, because I

think that's important in keeping up the pressure and
that's the only reason it's holding up the liquid.

DR. DIX: Let me characterize first that we haven't
come to the real world yet. We've made a giant step toward
the real world. We're in the l-dimensional test and the
answers and the situation in the lower plenum raegion
is slightly different when you go to many channels, so I'll
answer your question about this facility but that's not
quite the real world. It turns out what happens here
is that you é» shove not just vapor up the jet pump but
you push a two phase mixture up the jet pump and that's
what's balancing the pressure in the core.

DR. PLESSET: We've got a problem, Dr. Dix.

You've got a lot of material you may not be able to present
because we're running out of time so I'm going to leave it
to you how to handle this.

DR. DIX: I will run fast.
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DR. PLESSET: Wall, you're going tc have to leave
some things cut, I think.
DR. DIX: Okay, let me just very quickly then

show you the temperature response and this was referred to

earlier.

(Slide)

Now what I have is the level showing how the
level in the channeis, this is the same figure really,
just stretched out slightly in time and you can see what
happens to the temperature. I've plotted here the
temperature at the mid-plane. We dc get in that facility
a little heat up just prior to uncovery but when the level
passas, you see that virtually all of the rods then start
heating up so now you're starting to be cooled in a vapor
continuous region. The heat up is not very fast as you
can see. On this scale we're somewhere here less than 800°,
that they actually rewetted due to the liquid coming down -
from the top and they heat it up again and finally when this
level progressed bhack through the core then all of the rods
quenched and it just followed saturation temperature, sc
two messages here. Very little heat up until the level falls
through so again, as Gary Sozzi indicated, another indication,
you have a fairly crisp level that you contract with this
temperature response and_pretty good heat transfer -- in fact,

quite good heat transfer, even when it's uncovered.
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(slide)

I think I'll pass the next one then. It's just
a summary of highlights and we've hit those.

(Slide)

Okay, now multiple channel experiments anéd I've
really hit on this. We have two types. The sectors in
there were loocking for these three dimensional effects,
the upper plenum response and what happens when you get a
lot of channels interacting, and then the complement as the
heated channel facilities that you're interested in -- do
you get any unique parallel interactions with heater
channels and what finally is the fuel rod temperature when
you have multiple channels.

DR. CATTON: We're going to be hearing about
the SAFER code and basically the SAFER code is one dimensional.
Now, as far as I can understand the upper plenum region
is highly three dimensional, essentially sub-cooled out
of the periphery and break down of the channels of the
periphery earlier than ..e center. 1I'd like to how you,
the experimentalist resolved that with one dimensional
representation, or what could you do to one dimensionalize
this problem to stick it into the SAFER code, to represent it?

DR. DIX: It turns out that the SAFER code does
that and I'm not sure you'd say we did that on purpose,

but it does it in a sense of it time sections it. It trades
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off time segments for spatial and by that, what happens is
that the liquid builds up in a SAFER calculation. The whole
upper plenum becomes sub-cooled and the one channel that
you have breaks down for a period of time. It drains all
the liquid down and then the liquid becomes saturated

and it builds back up again so it cycles in time, in

effect representing first the periphery if you will, during
the break down time and then representing the rest of the
core. It wasn't necessarily intended that that was exactly
how it would go but that's the way it works when you do it
with a one dimensional.

DR. CATTON: When the SAFER code is described,

I'd like to dwell on this a little. Really, I don't find
your description very satisfying.

DR. DIX: Sure. I simply described the way it
turns out working and it works pretty effectively as it
turns out but let's do defer that until the SAFER discussion.

(Slide)

I'll pass on the next slide. You have it which
is really -- let me just put it up and make sure you
appreciate the kind of facility we're talking about.

This is a very larce vessel. We've enclosed the whole
thing inside of a large pressure vessel, the 30° sector
and all of the upper plenum, lower plenum characteristics

so that we could then run this as a depressurization system
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and it's focused on only the later part of the transient
so we sized this system to run from 150 PSI. We're looking
at the period of time after the low pressure system and
cooling systems would come on, so it's what we call a
REFLOOD experiment. It's only looking at the later part
but that's when all the interesting REFLOOD actually occurs.

DR. SHROCK: Excuse me, Gary. Before you take
that away this relates to a question that Ivan Catton
raised earlier. You're not simulating liquid carry over
in this test, is that correct? As it shows in the picture
you have only steam injected but there’s no liquid passing
up with that steam?

DR. DIX: I would say there probably is quite a lot.
In the BWR for calibration, the vapor velocities are quite
a lot lower than in the PWR systems so the actual amount of
entrainment that we get from the experiments we find is
relatively low. I think, however, the droplets that are
coming down from above, come in with some distribution
and I think some probably get turned around and carried
back out again, so we're getting whatever you get just from
the normal process of the liquid coming down. We are
not getting anything --

DR. SHROCK: That's what I have always had trouble
with on this experiment. I don't see that through some

magic quirk of fate we really are getting the same entrainmen

t
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situation here that we would get from liquid sputtering off

from over-heated rods phase flow coming up from the lower
reachers of the thing. So many details involved in what
really determines that two-phase flow pattern in the region
of this upper tie plate that are not really simulated here
and I have some difficulty in accepting the premise that
somehow it turns out that the counter-current flow limitation
is not different with these different entrainment rates

that will exist in the real system.

PR. DIX: Virgil, you have me caught between a rock
and a hard spot. I want to give you a very complete answer
and I'm caught for time. Let me say, however, that the
basis for this is not this experiment. The basis for

'~ conclusion that you can use an adiabatic bundle and
gec pretty good characterization of the CCFL effects, it's
based upon separate effects tests with a bundle in which we
had an adiabatic bundle identical to the one around here
and a heated bundle. We also have data from Japan where
they have done a similar thing running the identical bundle
with and without heat injection so they have vapor injection
and then they had heat addition. They get precisely the
same CCFL characteristics and this in fact is in our licensing
topicals. We have those data compared. I think the answer
to that is, we just don't get very much liquid entrainment

pecause clearly, if you get a lot of liquid entrainment, it
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dramatically changes CCFL. I think the answer is that in
the BWR with a relatively low vapor velocities, we get
relatively small amounts of liquid entrainment, whether
you have heat addition or don't nave heat addition.

MR. EBERSOLE: Hang on, just a minute. Will you
throw that back just a minute? There's a point unclear to
me. I understand, I'm talking to my colleagues, this
represents all the plants. It's representative of most
of your plants, if not all of them, right?

DR. DIX: The general characteristics -- it's
representative of the jet pump plants. There are some
earlier plants that did not have jet pumps.

MR. EBERSOLE: I see you have high pressure core
sprays? Water, as an input to this experiment?

DR. DIX: Yes, this particular -- the scaling basis
of this was a BWR-6 plant.

MKk. EBERSOLE: Oh. Then for the other plants
you simply don't operate that system when you run an
experiment? You don't have high pressure core spray on the
old plants because the turbine never works.

DR. DIX: No, we have in this facility, we
predominantly were looking at the phenomenon and we tock
a reference plant. We made a very small attempt to look
at other plants by looking also at a BWR-4 and we there

simply turned on the low pressure core spray. It's at a
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different elevation. But the dominant data came for BWR-6
simulation. It turns out it really doesn't matter in this .
case because this is only 150 PSI facility and the only
point of HPCS =~ re was that it was in the elevation of
an HPCS but we'r .ot getting any of the effects of what
happened exactly with the HPCS earlier in the transient
when the pressure is higher.

MR. EBERSCLE: Are you telling me then in modeling
the older plants you simply don't turn on the HPCS in your
experiments? You do not use it, period?

DR. DIX: In this facility we did not turn on the
HPCS to represent the BWR-4's, that's correct.

DR. PLESSET: We have a little misunderstanding
up here at the table and you're contributing to it so you
can share in it. All the background here is not being
completely presented. This is data from a lot of other
facilities. As you said, separate effect as the Japanese
and so on. I think maybe you're going to have to have
another meeting and go into the experimental situation
more completely than we have time for today. Now, with
that in mind, whet can you do? We've got to get on with
the main topic. Some of the things we'll have to accept on
face because of the other contributions to the data from

other facilities. Now, go ahead. You might make a brief

comnent.

#
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(Pause)

DR. PLESSET: I think the general agreement up
here with my colleagues, that we'll have another meeting
in which we'll get a more complete background of the
data which supports your analysis including all of it,
not only this kind of data but separate effects, Japanese
data and so on and there will be just nothing 2lse involved,
so if vou can get them to accept some of your statements
and say you'll hear about it at the next meeting, maybe
we can wind it up.

DR. DIX: Let me characterize what my attempt
and what we had hoped to accomplish with a very short over-
view and this clearly is a short overview that is trving
to highlight the key results and clearly I'm not trying
to defend them because that's a -- in fact, maybe I've
made a mistake in time here in attempting to =-- I think,
however =--

DR. PLESSET: This is very interesting. You can see
that's why it drags on. They want to hear these th;ngs
in detail.

DR. DIX: I think in order to appreciate some of
the fertures of the model and particularly understand why
single one dimensional model may be acceptable or what
features are acceptable in the SAFER Model versus TRAC,

I
it would be very valuable to gc ahead and show these highliths
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and that's reall’ the only purpose of this, to set the
tone of why and how we made the decisions on reducing the
complexity of the model. If I try to go through here very
quickly now and not give you the rest of the highlights,

I think you will have a deficiency then in the discussions
that follow. What I would like to do is maybe ask for
your indulgence in not trying to defend all of the issues
by going into the background, but I would also like to go
through and if you will, expand this a little longer than
what the time we had originally planned and we'll make
that up in the model development discussions but I think
it overall will pay if we go through and you see the
highlights -- then you know the whole picture as we at
least think we know it from the experiments and you can

come back at a later meeting and challenge that but I think

it's useful now.

DR. PLESSET: Okay, let's do it on that basis.
Go ahead.

(Slide)

DR. DIX: What I've done here then is try to

characterize in advance now what have we learned out of
these multi-channel experiments and of course, an important
element in this is, how do they compare to the single
channel. How did the world change, if you will and there

are a couple of features. It turns out it didn't change

SRS
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very much in the overall sense, but there are some

subtle details that did indeed change. One of the details

is that now instead of the lower plenum emptying out

to the bottom of the jet pump before the vapor can vent

up, what happens instead is that we have a lot of channcls
here and some of those channels end up being driven into

a cocurrent upflow and we actually start venting the

vapor out some of the channels so we get a very high velocity
vapor flow going cut some of the channels. That results

then in the level actually not going all the way down

sOo you keep a little bit higher level 'in the lower plenum.
Most of the channels end up in a mode that looks very much
like it did in the single channel tests. The dominant fl.w
regime that occurs is what we call the counter-current

flow where a level is in the channel and it moves up or down
depending upon the rest of the conditions imposed on it.

A very important one anc one that was a focus of t:uis experi-
ment was that we do indeed -- we built up a pcol in the

upper plenum. We forced a pool, but you would have a pool

in the BWR and when you turn on the cold spray system

that cold water comes right down into the peripheral channels
and those break down and start flowing with a very high
velocity sub-cooled liquid so you get three dominant

flow regimes, three flow regimes total, this one being the

dominant one which makes as it turns out the system overall
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is controlled in a response mode very much the same as

a single channel but indeed you do have these other two
flow regimes that are important to the overall timing and
sequence.

There is no question that you could addres. these
loads if you had a three channel model with a little more
detail than if you have a single channel model.

DR. CATTON: There are sowe arguments given by
some of the practitioners at General Hydraulics is that
happens is that that cold water flows down and right around
and out the break and the dry channel stays dry for a
very long period of time. If you're not modeling the
three channels, you're really can't address that criticism.
It's a comment for the SAFER =--

DR. DIX: You cannot witha single channel code.
That's of course, wny you have the benchmark code so
that you can go and evaluate that and that of course,
is why we have this experiment with a lot of channels
to see if that's what really happens. I guess I'm an
advocate that one experiment is worth 1000 exvert opinions
and this one is worth many thousand.

DR. CATTON: Supposing that that expert opinion
is based on an experiment with a simulant fluid. I'm

sure you know about the experiment.

DR. DIX: 1In the sense of getting through this fast,
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let me proceed.

(Slide)

The liquid level -~ this is a typical result of
what we see. If we look at the upper plenum, we forced in
some cases a two phase mixture to be there at the start
of the test and here we turned on the spray and this is
now looking at the collapsed level so this is just
Delta-P in the upper plenum. We £find that there's a little
bit of increase in the l2vel and this is occurring while
that sub-cooling is working it's way down to the upper
tie plates of the peripheral channels. Once that nappens,
then you get break down. You get very rapid draining and
then it stabiiizes and the level in the upper plenum sits
at some level. This is a collapsed level and hangs there
for a perioc of, the remainder of the transient in fact.

Now, if you look at what's going on at the upper
tie plates, these are temperatures measured just below
the upper tie plate, so .. ‘ou're getting sub-cooled
liquid down, you'll see that just underneath the tie plate
where it penetrates through, and sure enough when the
spray comes on this is the peripheral channels -- the
thermo-couple reads a very sharp drop in temperature so
we're starting to get subcooled liquid draining down

and then as tle level drops down, the subcooling decreases

because the level starts dropping down. It actually uncovers
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the spray header and you actually start getting a lot

of condensation on the spray so that you nu longer have
the same amount of subcocling. Subcooling comes back up
and then it hangs with just a little bit of subcooling
penetrating through, enough to keep the ligquid flowing
down.

(Slide)

One channel away from he sparger show a little
bit cf a spike and come back up but there's a very sharp
gradient in the temperature in that pool when you turn it
on. Most of the subcooling is going right down those
peripheral channels. All the other channels -- so this
is the third row, the third of the center just sat there
at saturated conditions and didn't see anyth.ng happen
when you turned on that subcool spray.

(Slide)

Now, an interesting feature, we ran wich three
different header elevations. These two are associated
with the BWR-6 configuration. fhis is the high pressure,
this is the low pressure. This is the elevation of the
low pressure for the BWR-4 configuratiors so we ran
tests looking at what happened in the upper plenum with
these three elevations and of particular interest was this
steady state pool that remained there and what we found

is when the header was high, and in this case we started with
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a very small pool, it actually built up and had a high
residaal pool level. When we looked at the intermediate
one 1t had an intermediate pool level and when we looked

at the low one it had a very small pool level. 1In these
cases, the initial conditions here, whether they were above
or below the header were imposed on the test so the
important consideration was where did it end up and

we speculated that what was happening is the pool was coming
down until it uncovered the header and then you would lose
the high amount of subcooling because you get a lot of
condensation and therefore you would reduce the subcooling
entering here and you would reduce the drainage rate and

in fact, this tends to confirm that. We went to the

test in Japan, the 18° sector test and ran the studies there
and in fact visually you could see that the pool will drain
down and you just get a very sharp switch. When the pool
leve) passes and of course, this is not a very sharp pool
but in general, if the pool tends to be above, you shield
the liquicd from the vapor source and therefore this liquid
stays subcooled and it goes down and you drain a lot. &hen
the level Jirops down below, tnen you get a lot of condensa-
tion. You get very little subcooling and so you get little
draining, so you have an autcmatic system here that tends
to veep the level just hunting right about at the spray

elevation. This is independent of how much. If you put more
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spray systems in, you simply then drain more so again,
it's an automatic compensating, if you will, such that it
just holds that pool level sitting right there.

(Slide)

Now, the next slide is simply a schematic of the
Two Bundle facility. I'm moving on now to what did we
see haprening when you did this in a multi-channel with
heated channels.

(Slide)

I won't bother to put it up. It's simply a total
integral system test that has two full scale channels.

Let me just put up the key result of that.

In that two channel test you can see -- I see
unfortunately that on my slide some of the numbers came off.
I think on the copies, you have the numbers on the scale.
The temperatures here are -- this is a 400°, 700°, 1000°
sO you can see that we did see some differences. They saw
two different, slightly different flow regimes. The high-
power channel tended to stay full and the lower pbwer channel
wenrt into the countercurrent flow mode, the same as we
have seen in TLTA so a level drops into the average power,
lower power channel. It therefore started heating up earlier
even though it was at lower power, didn't heat up fast,
again about consistent with the single channel results

and then later on the void fraction got high enough in the |

=
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high power channel and it heated up. It went up a little
steeper primcrily because of the higher power level and
then again they both were reflooded, the same¢ as the reflood
characteristics that had happened in a single channel and
again, we're seeing temperatures here about comparable
to what we had seen in the single channel test. Basically,
no surprises.

(Slide)

The four channel facility -- again, I'll pass.
The schematic, that's the one at the JAERI facility
in Japan. They did a very nice parametric study where they
just systematically went through and had various break
sizes to evaluate what happens. This is the one now that
has four channels. They are only half linked so the
exact characteristics won't be as accurate as the others.
But the general system respoﬁse anéd the response to
break size I think is probably fairly representative here
and you can see that indeed the BWR basically responds
about the same, no matter what the break size is. The
smaller the break, the longer the delay before the automatic
depressurization system comes on. Once that systems
opens up it turns it into a large break and you get a
very similar kind of response. |

Again, temperatures here got up as high as about

1200° Fahrenheit in this shortened length facility.
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(Slide)

So the key highlights then, {-om the multi-channel
facility tests are that when you have a lot of channels,
most of them end up responding about the same as they do
on a single channel. They go into that counter current
mode and they sit there with a level. It turns out there
is a subtle interaction between the parallel channels such
that the drainage rate is a little slower in the multiple
channel than it is in single chaninel tests but they're
basically the same. Subcooled liquids breaks down and
drains rapidly through the peripheral channel and you jet
a few channels with very high vapor velocity, vapor updraft
and the leakage path at the bottom, it tends to suck liquid
in there and you actually get a two phase mixture but it's
a vapor continuous mixture. A residual pool does remain
in the upper plenum and it hangs about at the height of this
sparger elevation and as indicated from the two heated
channel tests, you get low temperatures and the highest
temperature measure is around 1200°. We think more
typical temperatures for the BWR are more representative
and are probably going to be in the range of 800 or so.

(Slide)

They key things then with the briesf over view is,
I want to highlight that the experiments are almost completed.

There are still some wrap up experiments going on in Japan in
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the two bundle and in the four bundle. We have the FIST
facility which will be confirmatory and will also cover
a little wider range in the small breaks coming up, but
basically the experiments are about wrapped up. We think
we understand now what would really go on empirically
in the BWR by this consolidation of all the experiments,
but we still need, of course, the best estimate model.
If you want to extrapolate, because none of the experiments
are complete and you've got to take some information from
some and some from the other so the ideal is to have a
best estimate model that can really model the features
of the experiments as they exist, if they have heated
channels or if they don't have heated channels, put that
in and see how it does against the experiment and then
use that model finally to project ahead.

We think the experimental basis is diverse
and complete enough to really challenge the model. We think
we've got a very wide range of conditions here, ncne of
them perfect, but within this I think we've ccvered everything
that is of concern to the BWR and if we can in fact get
good correlation between the model and this broad data
range, I think we have good confidence for extrapolations
of the reactor.

(Slide)

Let me just introduce the modeling now by reiteratint

wy
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what Ed Wood said earlier, in large measure that our
modeling approach is a two-pronged approach. First, |
get the best estimate model. We think this is the workhorse
that you've got to have to extrapolate the experiments
to the reactor and really benchmark so we can finally say
yes, these effects have been accounted for and we now know
what the BWR response would be with high “(nfidence.
We've gone after very detailed models. It has the 3-dimensio
capability. We're going at this in detail, not only in
the model development but also in the qualifications, so
we're taking the individual modules out of TRAC, comparing
those with separate effects tests and also comparing it
with the integral system data so we're trying not just to
see, when you package it up does it do a good job on peak
clad temperature. We're really trying to dig in and make
sure we've got the models as good as possible and as well
qualified. And then we'll fii ‘lly use it to turn around
and get our benchmark calculatic1s for the reactor.

DR. SCHROCK: Gary, caa I ask on that listing

what your view is «n the importance of multi-dimensional

hal

neutron-kinetics modeling for your small break and operationLl

transient modes?
DR. DIX: Can I separate that question?
DR. SCHROCK: Well, it's a part of the TRAC

evaluation.
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DR. DIX: For the LCCA evaluations, even including
small breaks, we don't believe that the nutronics have
any significant impact on it. When you get into operational
transients, that's another issue and I guess since this is
focusing on ECCS, 1'd rather not go into the nutronics
needs for operational transience, but for LOCA I think
I can respond.

DR. SCHROCK: You think at small break LOCA you'll
have no difficulty with point kinetics?

DR. DIX: I don't =-- I think we can input =-- you're
basically driven by Decay Heat even for the small break
LOCA's. So I don't think the nutronics are a significant
factor even for small break LOCA's.

(Slide)

As Ed Wood said, the SAFER code's primary thrust
is to get an engineering tool that's efficient, we can
utilize, take advantage of what we've learned about, what
the controlling phenomenon are. In TRAC of course, we were
developing this in parallel and since we didn't know all
the controlling phenomenon, we had to try to go in and
put everything in that we knew of to put into the code.

In SAFER we haven't done that. In SAFER we've benefitted
now from the experiment and from the TRAC calculations
and have only out in those features that we think are

controlling. It is a simplified model. It has larger nodes,|
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other things, but we have not given up on the basic thrust
and I think that was the point brought out earlier this
morning of having it be what we call realistic so differ-
entiate from the industry standard of saying best estimate
means you throw everything in including the kitchen sink,
we're using the term realistic to say we haven't thrown

in the kitchen sink but it's still trying to get the

right answer. No bias one way or the other necessarily.

And of course our plan is, and are implementing
now of qualifying that with both te data and of course,
most importantly the best estimate model.

I'll give you now just briefly the status of the
TRAC model development per se for LOCA prediccions we
believe is now completed. There are, of course, models
in the TRAC version that were developed under the joint
G.E., EPRI, NRC program that are not yet in the rele;sed
version of TRAC that is in the code center, so what I'm
referring to here are the models that have now been developed
and will be finally imolemented into the released version
at some later date.

We are nearly complete with our assessment that
is being done with G.E. again within this cooperatively
funded program and where we're trying to run this against
a very broad spectrum. Indeed, the assessment of course will

not really be completed until all the experiments are completéd
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and a lot of people have had a chance at it but we're trying
to hit the highlights and make sure that there are no
loose ends or further model development needs required and
that activity is nearly completed. We basically believe
we're there now with best estimate prediction capability
and we'll be showing you some of that subsequently and
we're now in the process of using this version for quantifying
the uncertainty in the SAFER code so the TRAC code is an
important part and you'll see how that factors in later
to gquantifying the uncertainties associated with SAFER.

SAFER itself, we had submitted it to the NRC
last December. It is now under close review and I think
the word acceptant here, the concept of having a realistic
approach to it has been accepted by the NRC. In fact,
it's been encouraged by them. I think they also like the
idea that you'll have a realistic prediction and then
you'll put some kind of an uncertainty adder factor onto
that. You can use that realistic calculation though for
operator training and design guidance, that sort of thing
and I think they like that as well as we do.

The assessment is sti'l ongoing. We're doing
the comparisons with data, with SAFER as well and you'll
see some of that and this application metnodology which
now is the gquestion of exactly how do you account for the

uncertainties that you would put onto the realistic calculatipn
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for a licensing purpocse is underdeveloped and it is under
discussion with NRC currently. I have to apologize for
having let that string out somewhat. I hope that gives a
reasonable picture of our perception of what the BWR response
is like from an empirical standpoint. I hope it will be
useful now as we talk about the model development and

the comparisons of the model from the data.

DR. ZUDANS: Of all this discussion, I'm still
left with one question. This single bundle test that
you showed the results where the CCFL occurred at the bottom,
inlet to the bundle. Have you run that case analytically
with TRAC and have you been able to show the energy balances
and where the additional energy comes from to keep that CCFL
at that inlet? Have you analyzed it?

DR. DIX: Yes, yes. TRAC Joes a good job of
predicting that. SAFER does a good job of predicting that.
It turns out that it's simply the vaporization from the
lower plenum. As you're depressurizing, you're vaporizing.
You have a lot of =--

DR. ZUDANS: What is the source of this vaporization
Where the energy comes from?

CR. DIX: 1It's the depressurization, so basically
the liquid becomes saturated as you depressurize and that
continues to vaporize and flash off as you continue tc

drop cdown.




ToRm dees

CO.. BAYONNE. A4 Brea

PinGAD

10

n

12

13

14

15

16

17

18

19

21

23

24

95

DR. ZUDANS: So wouldn't that situation persist
throughout the entire core in a similar fashion? They would
have the same vaporization rates, plus additional vaporizatio
due to the Decay Heat in the rod?

DR. DIX: Yes, you do.

DR. ZUDANS: And that ought to kind of keep it
back, push it out rather than in?

DR. DIX: Well, it turns out that the restriction
at the bottom is very, is the most limiting and you have a
lot of liquid in the lower plenum below this restruction
that's flashing, s» you have a lot of vapor going up,
so it's a question of where you have the highest velocity
combined with the most restrictive flow passage and that
inlet is very restrictive and all of this vavor from the
bottom has to go through these channels, so that's what
is happening. So you end up still stacking it up even
though you do have vaporization and you actually have a
higher vapor flow rate in the channels but the channels
but the "restrictions are much more open.

MR. THEOFANOUS: Gary, you're not flashing at the
kind of sudden --- the pressure by that time should be pretty
low. I think the vapor production at this stage of the
game comes from hitting from the wall. I don't think the
pressure is changing very much in a 150 =econds.

DR. DIX: It is not changing at the same rate, but
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it's very low, and sc, because of the low density of the
vapor there you get a very high velocity. So the vapor
production is still quite high, Theo. You're right. There
is also vapor production due to heating from the wall, but the
vaporization is still very --

DR. ZUDANS: That wall heating effect would be
quite different in the reactor, because you have a lot less
metal volume compared to the pool volume thsat you have in
this model.

DR. DIX: In the one dimensional test, that's
right. You always get extra vaporization in the one
dimensional test.

DR. ZUDANS: And the reason I asked the gquestion
is, maybe this behavior is typical to the test facility
rather than to the real reactor and that's the question.

DR. DIX: That's the reason why we went to the
very large scale test where there, the vaporization due
to flashing is pretty representative because there you
have 1 very large sector and you no longer have this
large scaling difference. So that's true, one dimensional
tests will always give a slightly different result and
that's why you need to go back and have a model that vou
can set up for that facility and see whether in fact you
can predict that result, so it's not reactor-like totally

when you go to these very small tests.
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DR. ZUDANS: Just one more guestion. Because
you have an automatic depressurization system in the BWR,
wouldn't this effect be absorbablé in a full-séale plant
if you would depressurize it for any reason whatsoaver?
Wouldn't you show it? It wouldn't be visible in the real
plant as well?

DR. DIX: I'm sorry, the effect --

DR. ZUDANS: You have an automatic depressurizatio:
system in the BWR?

DR. DIX: Yes.

DR. ZUDANS: That sometimes functions --

DR. DIX: Not if we can help it.

DR. ZUDANS: That never happens.

DR. PLESSET: You don't get this =--

DR. DIX: You don't want to do that.

DR. ZUDANS: You don't want to do that.

DR. PLESSET: I don't think it's ever happened.

DR. ZUDANS: I was just asking whether they were
handled?

DR. PLESSET: I don't think so.

DR. DIX: I don't think it's ever depressurized.
I'm not aware of it ever occurring.

DR. 2UDANS: If it did happen, should you be able
to observe this phenomenon?

DR. PLESSET: I doubt it.
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DR. DIX: No, you would get some of the same
phenomena. You couldn't observe it, of course, because
you wouldn't have the instrumentation to measure it.
Certainly if you depressurize, open up the automatic
depressurization, you will ¢ st a lot of this phenomena
occurring.
DR. ZUDANS: I'm always tempted to use the
reactor for experimentation but I guess it's not practical.
DR. CATTON: Isn't the bottom line in all this
that you better characterize that bottom part of those
fuel bundles well, particularly bypass and the CCFL?
If you don't characterize it well, you're going to miss all
this.
DR. DIX: Well, you must have those features.
When you say characterize it well --
DR. CATTON: Well, characterize it will because -~
DR. DIX: If say, you were off a little bit

on the CCFL characteristics there, you would still get this

similar kind of thing. You just wouldn't repeat it in detail

If on the other hand you didn't have some of the features
like the leakagc path between the bypass and the bottor
of the channel which some university tests don't have,
you would not get the same phenomena.

DR. CATTON: That's true. That's right.

DR. PLESSET: Well, let me just make one remark.
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When the Staff finishes their evaluation, I think they will
want to come and meet with this committee again and at that
time you can see some of the things that have been brought
up here. You can be prepared to give them succinct and
good answers so there are still some questions left that

you didn't have time to answer today, maybe. The fact that
your presentation got stretched out is not just your fault.
There's a lot of contribution from this table, so we don't
blame you entirely, but I do think we're going to expect

to come back to these things. I believe the Staff is

just about a month away from being prepared to comment on ==
beg your pardon? Oh, I understand longer than a month.

Do you know when the Staff expects to complete their --

DR. DIX: We are going to be going in meeting
with the Staff with cur final results in late January and
so we're expecting by the end of the first quarter, perhaps.

DR. PLESSET: Okay then, yes. Do we have somebody
from the Staff who can tell us?

MR. COLLINS: I'm Tim Collins from Reactor
Systems Branch. Our schedule calls for G.E.'s response
to our questions or the 26th of January, the date they
gave us. Based on that and assuming that it's a nice
complete package and it's not tremendously controversial,
we think we can complete our evaluation by the third week

of March.
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DR. PLESSET: Well, that's a little longer than I
thougkt but that's not too far ahead. Fine. Well, so
we'll he coming back to some of these things again and
with that in mind, we can consider this part of the
presentation complete and maybe take a ten minute recess.
Off the record.

(Whereupon, a ten minute recess was taken.)

DR. PLESSET: On the record. Let's reconvene
and continue. I believe we're going to go into the
SAFER model discussion. :

MR. QUIRK: We have on the agenda, James Anderson
will talk about the TRAC model description.

DR. ANDERSON: Okay, what I'd like to talk about
is the model development of the TRAC code and I'm going
to talk about some of the developmental assessment we have
made that is part of the develooment of the code.

(Slide)

This is a devel-pment which has been ongoing
for a couple of years now and it's a joint development
project which involves the Idaho National Engineering
Lab. What we've been doing here at G.E. is jointly
sponsored by the Nuclear Regqulatory Commission, the
Electric Power Institute and General Electric. And it's
cart of the Refill/Reflood program. The objective of

being to develop a best estimate model, describing the
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phenomena in the BWR viewing the loss of coolant accident
and of course, our objective allows us to use the model
to demonstrate two safety margins in the BWR. Where we

are right now is that the development of the model is

101

complete. The development:l assessment has demonstrated good

agreement of the data. The qualification of the code which

you'll hear about later also demonstrates good agreement.

{Slide)

Some of the current capabilities of tne TRAC cod
it has 3-dimensional hydraulic model and that's primarily
the 3-dimensional calculation of the fluid dynamics
in the vessel of the lower and the upper plenum ~nd the
bypass region of the vessel component.

The power component such as the fuel channels
are still one dimensional in the code. The fluid model
is the two fluid model which solves the conservation
equation for mass momentum and energy for both the liquid
and the vapor phase. As such, it allows us to model
the countercurrent flow and it also allows us to simulate
some of the dynamic (ph) non-equilibrium.

We modeled the heat transfer during the various
phases of the LOCA and in particular we have good models
for the reflood phase and the heat transfer during the
later part of loss of coolant accident, including the

reflood heat transfer, spray cooling and heat transfer at

e,
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future radiation.

The code which is in a modular structure has
component models for all the major BWR components. Together
with the multi-dimensional hydraulic in the vessel, the
code also allows for multiple channel calculation and it
allows us to simulate the three different flow phenomena
which were observed in the Lynn test facility.

The constitutive correlation which basically
controls the wall friction, the interfacial shear, the
wall and the interfacial heat transfer has been developed
based on the state of the art knowledge and provides for
good predictive capability of the individual phenomena.

What we believe we have in the tri-code now is the best
available benchmark tool for BWR calculations.

(Slide)

The approach we have taken in the development of
the models is to first develop the models for the individual
rhenomena in the BWR and to develop models for the specific
BWR components such as fuel channels, jet pumps, steam
separators.

We started out by assessing the model by seeing
how well we can predict basic effects test and once we
accomplished that, we continued to more complicated tests
where you get system interacticns. A lot of the developmenta

assessment will now be shown to cover the basic effects test
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and very little of the system effects test. There will
later on be as probably qualification, a presentation which
would go more in depth on system effects tests.

The final use of the code would be to apply it
for BWR predictions to get the two best estimate prediction
of what's happening in the BWR.

(Slide)

As I mentioned, the development has been ongcing
for several years now. It started back in 1979. Of course,
the BWR version of TRAC is based directionally on the PWR
version which was developed in Los Alamos which started
even earlier than that. But the development of the BWR
version, the first version was available, we call it
TRAC BOl, was developed by G.E. in 1980 and the qualification
of the model was complete in 1981.

In 1981 then came out TRAC BDl1 from Idaho which
contained a lot of the models which were developed for the
TRAC BOl. Idaho released a new version in 1982 which was
called BD1 Version 12 and just lately we have finished
TRAC B02 which is based on BD 1 Version 12 and it includes
all of the models we have developed here at G.E. and this
is the version of the code I Wwill be talking about. Of
course, this is not dupl.icate efforts here and in Idaho.
These models will make it into subsequent versions from

Idaho.
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DR. SCHROCK: Jens, could you comment on that
notation? BO refers to what? The zero is different from
the pressurized water reactor notatior. What does it
signify here?

DR. ANDERSON: Okay, this just signifies the
first version.

DR. SCHROCK: So now you've got a B02.

DR. ANDERSON: This is the second version. Our
approach was to develop an ==

DR. SCHROCK: It doesn't distinguish fast from
detailed?

DR. ANDERSON: No, no, it's just -- we had
the program which was over four year and we decided let's
get a code which has most of the BWR features built in
already so we can use it and that was completed in '82.
It helped us in deciding how to conduct subsequent
experiments. We also had a very detailed review of the
modeling capabilities at this time and it helped us to
decide on where we need to additional development for
the final version so it's just succeeding improvements
of the code. They are both detailed versions. However,
it's a good question. In Los Alamos they developed the two
step method which they implemented into TRAC PFl which
allows it to run much faster. We have recently implementad

to the two step methods into TRAC B02 or a slightly modified
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version of the two step message and we are right now in the
process of testing this out and it does show that we can
run the code much faster.

DR. WARD: How much faster, Jens?

DR. ANDERSON: Okay, we have not completed the
assessment of that but, so I cannot give you a good answar.
It depends very much on the amount of detail you want
from the simulation. The main thing that would control
how much faster the calculation could proceed would be
not stability which is limiting now what accuracy of the
prediction. We have run cases which are in order of
magnitude faster than the detailed version of the code.

DR. CATIMON: Doesn't that make it almecst as
fast as SAFER then when you do a factor of 10 faster? No?

DR. ANDERSON: No.

DR. CATTON: Oh, okay.

DR. ANDERSON: No, because there's still a lot of
detail in the code which we do not have in the SAFER code.
1f you want to go down and look at the calculation in
kind of computer time per time step, you get down to the same
order of magnitude in the computer speed and if you run
the code with very few notes you can make it run very
fast but then you tend to lose the detailed simulation.

DR. ZUDANS: I have a gquestion on that. In this

two step method, the accuracy is at issue and it's also
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strictly problem dependent now. How are you going to

assess what benefits you can get out of this faster

method because you are losing accuracy if you go too large
times the estimate. Do you have some criteria built in there
already?

DR. ANDERSON: No, as I mentioned, the implementatio
and the testing out of the two step method is not complete
yet so we have not completed that phase but eventually
we will have to determine it by looking at the convergence
as we make the time step smaller and we have to look
at the coumparison of the data to see how large a time
step we can get away with and still get a decent good
prediction.

DR. ZUDANS: Another question, B02 G.E. version,
is that supposed to be released by someone at some time?

DR. ANDERSON: What we are doing == see, this is =-=-
development is going on in cooperation with Idaho National
Engineering Lab and we have taken the latest version
BC02, we took the latest version that was released from
Idaho in May this year and we implemented iato this version
all the models we have developed at G.E. Now, these
models we are making available to Idaho and they will
later on release a version which is called TRAC BD2
which will contain most of the models we have developed

here at General Electric.
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\-f‘ 1 DR. SCHROCK: Is B02 going to be a released code?
2 DR. ANDERSON: It's not going to be released
‘ ‘ 3 | to the, like the Argonne computer library. We're going

4 | to release the models to Idaho who then has the official

5 | responsibility for the, as the NRC subcontractor that

8 | develops TRAC, the BWR version of TRAC and they will

7 | implement the model and release the code to the comiuter

8 | library in Argonne.

E (Slide)

10 What I would like to talk about is some of the

11 | model development we had made towards developing a BWR

12 | version of TRAC and as I started out by saying the code

13 | originates from the PWR version so we did the development
. ‘ 14 | along two lines. One was that we developed models for

16§ | the components that were unique to the BWR, the component

16 | margins that were not simulated in the original code and

i 17 | that includes, like fuel channel, jet pump and so on

'8 | and similar, the other line we took was we looked at
19 | some of the basic models in the code, constitutive
20 | correlation and ve looked at which phenomena were in particulLr

21 | important for the B3WR and we took a hard look at “he

CO.. BATORNE N T2

22 | models and developed basic models for what we saw which |

TENGAD

23 | was very important for the BWR and this outlined some

24 | of the major basic models which we have developed. We

%5 | developed a new model for the interfacial shear which was




-

CO. BAYORNE N4 i

3

10

n

12

13

14

15

16

17

18

19

21

23

108

primarily geared towards having good predictive capability
for the void fraction. Again, togetlier with the development
of models for the interfacial shear, we also developed

a new flow regime map. These models were primarily
developed at G.E. We improved the models for the heat
transfer and the code primarily in the area of having

a model for the boiling transition that was better at
describing the phenomena as we see them in a boiling water
reactor. Primarily it was having a boiling length type
correlations with crical heat flux. We included a model

for sub-cool boiling. We include models ~“~r sorme radiation
heat transfer which could be important for spray cooling
type heat transfer. We also made a number of modifications
to the interfacial heat transfer. We included models

the countercurrent flow limitatior effect as you would see it
in the upper tie plate or at site entry orifice. A model
for the choked flow was implemented by Idaho and fin - Lly

the last basic models we implemented into the cod. was

the model for the two-phase level, ir particular, an
accurate modeling of the two-phase level in the downcomer

region is important for the early pressure response following

a LOCA.

/ /7
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(Slide.)

The major component models we developed for
the code. A fuel channel component was developed in Idaho
and that's basically a pipe component with fuel rods inside
the pipe component and it allows for hea: transfer from the
outside similar to the heat transfer between the channel
wall and the bypass region of the vessel.

The jet pump component was developed. It was
based on the T component in the code. We developed model
for the steam separator. It's the same predicting good
predictive capability for the carry over and the carrv under
in the steam separator.

The model for the steam dryer is implemented
and we implemented a model for the phenomena in the upper
plenum and I'll get back to these models later on with some
more details.

Idaho has implemented the number model which are

not really important for LOCA simulation, but in case you

et ——— WERPR—

want to apply the code for other purposes, they had the model

for the control system and model for the boron injection and
reactivity feedback due to the fuel temperature and the
moderated density.

(3lide.)

what I would lJike to do is to go a little in

detail. Describe some of the models and just some of the
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results of the developmental assessment we did as part of
the development of the models.

(Slide.)

Let me start out with the jet pump model.

The jet pump model is based on the T component
in the code having the primary side of the T simulate the
suction down to the discharge line and the secondary side |
simulating the guideline and the basic part of the modal w
is the conservation and momentum for the mixing process. '

The momentum equation as it is formulated in

TRAC is not on the conserving form and particular in the jet
pump the mixing and the operation of the jet pump is entirely'
dominated by the concentration and the momentum.

We implemented that in the code, but it's also
dominated by the various losses that occur and the various
part of the jet pump there are losses associated with *the ‘
mixing processs. There are losses associated with the various .
bends and area changes in the jet pump and we correlated thesé
losses and implemented them and we tested out the jet pump i
model not only for normal operation, but you have the driv:
line, the suction and the discharge and depending on the
various possible combination of inflow and outflow, you can
have a total of six flow machines and we correlated and tested

the model for all six machines.

/117
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(Slide.)

Most of the data which are available are taken
for a one-sixth scale jet pump the same which was the sized
jet pump which was used in the TLTA experiment. It's
plotted in terms of M ratio -- as function of M ratio. The
M ratio is the ratio of the suctiocn flow to the drive flow.
The N ratio is the difference between the discharge minus
suction pressure divided by drive pressure minus discharge
pressure.

The points here represent calculations made with
the TRAC code. This is the type -- And the line here is the
best fit to all the available data that were taken and you
can see it covers M ratio from abcut minus two to three and
this is for drive flow in this quadrant here being normal
operation.

This here is for negative drive flow. And you
can see that quite good agreement is obtained.

(Slide.)

We also ran a test for two phase condition. We
had some data available where -- And these were available
for normal operation and agin you can see that solid line is
TRAC and the mints are data and we've got quite good predic-
tions.

DR. TIEN: That's a same scale?

MR. ANDERSON: That's the same scale.




Foum 2094

BAYONNE. w4 1o

PLRGAD O

10

n

12

13

14

15

16

17

18

19

20

21

23

24

LA
,b

OR. TIEN: Do you have any other data which shows

MR. ANDERSON: We have some data for full scale

jet pump in normal operation and we had compared to go to thi

I

i
x
l
|
u

also and they show recent good agreement in the similar scale

that these were. I didn't bring them here.
(Slide.)

The steam separator model was designed to

calculate the pressure drop in the steam separate and calculaée

the carryover and the carryunder through the separators.
Now for LOCA, what is particular important is

an accurate prediction of the carryunder. The carryunder

the enters the downcomer, mixing in the downcomer region.

It controls the amount of subcooling that exists in that

region and viewing the depressurization following a LOCA that

controls when flashing of the ligquid will start.

The model is the mechanistic model for the
phenomena in the separator and what is solved is the
continuity eqution for the mass of the liquid and the vapor
and we sulve the momentum equation both in the axial
direction and in the angular direction.

You have to realize how the separator operates.
You have a vein at the entrance to separate which spins the
liguid and the centrifigal force forces the liquid to flow

upperward as a film on the inside or the outside wall,

f

|
|
|
|
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actually, but the inside of the wall in the separator. ;

So what we're solving is both the axial and the |
angular momentum equation and what we used as tuning para-
meters for the model was the radial void fraction and
velocity profiles in the separator.

(Slide.)

MR. CATTON: How many nodes do you have in that

particular model?

MR. ANDERSON: That's most of the TRAC components.
Separated model is this one dimension, but the action under g
nodes can be determined by the use of them more often.

We find that we can do a good simulation of the |
separator by something like four to six nodes, actually. 1If
you want more nodes, you can have that.

This is a comparison of what we can obtain with
this model. This is a comparison of carryover. The solid
line her? is the data and the doted line is the prediction
using the TRAC model.

Similar here is the comparison of carryunder.

The solid line is data and the dotted line is the prediction.;

DR. THEOFANQCUS: What pressure was that that |
was obtained there?

MR. ANDERSON:I think this is obtained at a

normal operation pressure and these are the conditions right

here are typical of normal operation of the BWR separator.
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(Slide.)
The steam dryer model which we have simulating

the dryers at the top of the vessel is a relatively simple

mocdel and basic function is to simulate the pressure drop in

the dry and the separation of the moisture.

No separate component was developed for the
steam dryer, but it was integrated as part of the vessel
component.

(Slide.)

And the basic concept of the dryer model is that

where :the dryer function as the dryer is a function of the

inlet steam flow. For a given steam flow there is a =--

for the moisture can be se2parated out from the dryer and it's|

basically a line like this that is the function of the steam

flow.

S0 the model is very simple. Below the solid
line we have complete separation and above the dotted line,
the separation process breaks down. '

(Slide.)

We developed the model for the phenomena in the
upper plenum and that's quite --

DR. PLESSET: Before you go into that, could
you tell me where the data came from for that senarator

behavior?

MR. ANDERSON: Okay, we had taken some data ror
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full size steam separator.

DR. PLESSET: At operating pressure?

MR. ANDERSON: At operaéing pressure and they
are published in various documents. I do not remember the
reference.

DR. PLEUSET: We've never seen it before. Has
it been proprietary, is that it?

MR. ANDERSON: The data which we have used nas
been published in -- I chink it's in journals or various
meetings.

DR. PLESSET: Oh, it is.

MR. ANDERSON: There is one thing that I should
mention is thac this prcgram -- the development of the TRAC
codes since its jointly sponsored by 2PRI and NFC, the data
which we're using in developing of the cod« are available

Let me go on to the upper plenum model.

It's quite a sophisticated model. It has three
basic models. It has a spary distribution model and the one
thing that is important here is where the two-phased level
is in the upper plenum and following Gary Dix' presentation,
you saw that you reach a situation with a two-phase level

which sits right around the sparger.

If the two-phase level is below the sparger, then'

we go in and we have a model for spray distribution in the

upper plenum.
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If the level is beiow the sparger, then it's
essentially a submerged jet that's injected into a pool of
liguid in the upper plenum and we have a separate model for
that.

DR. EBERSOLE: Isn't the phrase spray distribution
misleading ip fact because it doesn't mean anything anymore?

MR. ANDERSON: Well, it's not important for the
jet pump plans. There are some earlier BWRs with non jet
pumps and there it could be important.

We have for the pools we have implemented a model%
for turbulent shear and mixing which controls the gross |
flow in the upper plenum in the pool.

We used a 16 degree sector test data to tune
the model and I'll show you a few of those results and we
have qualified it against the SSTF data -- team sector test
facility.

DR. CATTON: Could you give me one to two sen-
tences as to why the spray distribution is more important
for non jet pump plants. I'm missing something.

MR. ANDERSON: If you have the LOCA =-- the
circulation line break in the non jet pump plan, that's a
direct circulation. You take the liquid out of the downcomer
and inject it into the lower plenum. So in thos plants you
have a break directly leading into the lower plenum.

So you cannot do what you can in the jet pump
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plant flooded up to two sorts core level, because you have
a break in the lower plenum. So the non jet pump plant you
rely on the spray cooling alone.

DR. CATTON: Okay, I understand.

DR.THEOFANOUS: What do you show on the vertical
axis in the previous slide that you already just took off.

MR. ANDERSON: This one?

DR. THEOFANOUS: No, I thought you showed the
one with some traces.

DR. PLESSET: That's coming.

3lide.)

MR. ANDERSON: This one here.

DR. THEOFANOUS: ™o, no.

DR. PLESSET: It's the one that you were going
to show.

MR. ANDERSON: Oh, the one that I was going to
show. Okay, this is coming here.

(slide.)

This is an example on the comparison with the
16 degree sector test and the 16 degrees as far as the upper
plenum, it's smaller than the SSTF test. It only covers 16
degree pie sector, but it's not full size.

We have a spray sparger sitting here and it
injects liquid in here and what I'm showing is the void
fraction measured or calculated in the upper plenum in these

five rings.
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What we did in the code was that we simulated
this pie shaped sector with six radial rings.

Steam was iaijected from below and we had the f
upper tie plate here w:th CCFL.

The test was run in what we call a C factor
which is equal to 1.24 and that means that we had 24 percent
more steam being injected than what could be condensed by
the subcooling of the spray water.

So based on the experience from single bundle
tests, there should be no subcooled CCFL breakdown in this
facility. Howwer, what you find is that because of the
-- dimensional effect and the parallel channel effect, you ]
get subcooling enough to break down the CCFL in the perxheralf
bundles and what I'm showing is we started the code with a |
pool of liquid in the upper plenum similar to how the
experiment was conducted.

The experiment was run with saturated water here
unti. a'steady state pool developed in the upper plenum and
then at a given time subcooled water was turned on and that
is zero in the time scale.

What I'm showing here is the calculated void
fraction in this region. It started out with void fraction
around 60 to 70 percent which was typical of what was measured

while saturated water was injected.

Now, what you can see is that this curve here
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which represents the void fraction in this region here
very rapidly drops down to a very low value as you get the
subcoocled water coming in here condensing the steam.

At this point here you get a breakdown and the
drainage of the upper plenum. Of cou:rse after you drain the |
liquid, you get a higher void fraction in the region. 1

DR. TIEN: Could pu say a few words of how 1
you take care of the turbulent mixing between different rings%

MR. ANDERSON: 1It's a very simple turbulence ?
model based on the pump and mixing length theorv. We have ;
one of the parameters we could tune in the code was the mixiné
length and we ended up with a typical mixing length in the
order of an inch that would give good agreement with the
data. ‘

DR. TIEN: 1Is that a reasonable value for this
particular type of flow situation?

I'm trying to see whether there is some kind of
physical or reasonable estimate instead of totally adjustable
constants.

MR. ANDERSON: Well, I think it's reasonable [
giving the size of the upper plenum, but of course, it was
one of the parameters which we used to tune and we ran a
parametric spectrum. If we had no trouble in mixing at all,

we could get into a situation where we could get very rapid

== motion in the upper plenum and we've got a lot of mixing
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which would give a uniform distribution of the subcooling
and preventative breakdown If we had a avery large mixing
length, we would basically stop gross motion in the upper
plenum when we got too early a breakdown.

DR. EBERSOLE: I'm having a little trouble
concluding something about the non jet pump plants. From
what I'm hearing, it looks like you've got a lot of trouble
with ‘hem. Because you don't have the cooling mode from
refilling, which you can from the others and we heard that
the spray function, first of all, it's not single failure
proof and it's not effective even if it was.

Where do you stand on the safety of the old non
jet pump plants?

(Pause)

MR. DENNISON: Basically the BWR-2s, they depend
on the two core spray systems and the BWR two core spray
was designed -- there nozzles are different designed than
the three and four later designs and also the five and six
are a different design.

DR. EBERSOLE: What nozzles?

MR. DENNISON: The spray nozzles on the actual --

DR. EBCRSOLL. We just heard that it doesn't make
much difference why you design the spray nozzles because
everything floods out at the top anyway because of counter-

core impedence.
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MR. DIX: Maybe I should try since I apparently
lead to the confusion on this.

The earlier plans, where pu postulate a break
in the bottom, you do not have the vapor trapped in the lower
plenum that has to exit . up through the bundles. 1In
fact, it could exit out the break and therefore, you do not
get the same kind of pool build up in the top of those

plants.

Any plant that would have a break in the bottom,
would not have the pool. So te characterization that we gave
and apparently I didn't say it clearly enough is the phenomeni
that I discussed of all of the characteristics are relevant
for the jet pump plants. The non jet pump plants, the

response is much simplier if you postulat> the worst break

inthe bottom. It can simply drain out and then ypu do sit

there and you cool them with core spray.

In the non jer pump plants, the older plants,
the power density is much lower and even though the.; re
cooled only with core spray, the peak clad temperature still
stays below 2200 degrees. But there is no question that the
temperatures in the old plants that can have a bottom break
would be higher than they would be in the jet pump plants.

DR. PLESSET: Let me go back to the one inch =--
That seems a little small to me and gives you better mixing

than maybe you're really going to get. That's what I'm a
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little bit troubled by. I think that 3 what Dr. Tien was
getting at.

DR. TIEN: I was thinking, if I remember, you havé
some -- you can visualize the full pattern the kind of eddy
size should be the really reasonable estimate of this mixing

-= if you call that way and so that's what I was trying to
see whether that --

MR. ANDERSON: You have to realize that when we
run the code, we use -- we can not go down and have nodes

the size of one inch node. We use very large nodes even

though it's a three-dimensional code. It's maybe in the
order of several feet. So it's really questionable how
accurately we modeling the two phase, the turbulent mixing.
It gives us a tuniny parameter and we tune that to give the j
gad comparison to the data and this particular case, the
test flow down-- CCFL flow down and was tested six seconds
into the transient which is about what we see in the calcula-
tion.

We got similar results on some of the other =--

DR. CATTON: That makes your tuning node size
dependent and so once you've tuned it, you can't change it.
Unless you retune it.

MR. ANDERSON: Well, we found that we get good
agreement also with the data and the SSTF test facility

where we used it with one node size.

e
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DR. CATTON: Did you retune?

MR. ANDERSON: No. We used the same value. As

part of the developmental assessment, we developed a model

and we found out what our recommended values are. Those

were then used in the qualification process which we will

describe later.

MR. CATTON: I missed the name of the last

facility. What did you mention?

MR. ANDERSON: I did not mention a facility. Oh

yes we have run comparison also against data from the SSTF

or the Lynn test facility which is much larger test facility

and we did ot use the same node size in this facility and

we still get reasonably good agreement with the data.

DR. THEOFANOUS: This breakdown process, is it

pretty continuous or is it happening in dumps. Do you get

periodic behavior?

MR. ANDERSON: You do get a periodic behavior

because what you see is as you get a breakdown in the two

phase level in the upper plenum drops. As you uncover the

sparger, then you start getting rapid condensation. You get

1

steam available for the condensaticn process and you lose the

subcooling and you build up the level again and you may get

a subsequent dump.

to say that

DR. THEOFANOUS: Well, as a general comment, I want

== this is myself -- I'm not getting here any

|
|
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substantial information on some of the important phenomena.
Earlier we said okay. With the experiments,
we're going to leave it for another time, but here we are

discussing an important part of your model and you want

presumably to have some input from us. You want us to think

about and you're showing us the previous slide which doesn't

contain any of the important physics that you know are pre-
sent in there.
This is just a comment. I'm not really happy

with what I'm hearing from you.

MR. ANDERSON: I had not planned on a presentation

of that level of detail here. Because clearly I could not
do that within the time that is allocated.

(Slide.)

What I show here is the comparison of the spray
distribution model. These are data from the horizontal
spray test facility. The circles are the data whichk is the
amount of liquid available as the function of the distance
from the spray nozzle location in the solid code with
prediction by the model in TRAC code.

DR. SCHROCK: What is the dimension there? I'm
not sure on what you're plodding.

MR. ANDERSON: This is the ligquid downflow. THe
liquid that actually wets the upper tie plate that could

e in kilos per second.
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DR. SCHROCK: §So it's mass flow rate per --

MR. ANDERSON: It's mass flow rate down per
channel as function of the distance going away from the
nozzle location.

DR. THEOFANOUS: 1Is that one instance in time
and what instant in time?

MR. ANDERSON: This was a steady state test
where you just had spray distribution and you measured what
the actual distribution was as function of the distance

from the nozzle.

DR. THEOFANOUS: In those tests, do you have data

of the temperature distribution in the upper plenum?
MR. ANDERSON: This was ==

DR. THEOFANQUS: Not in this one. 1In the

previous one. In the previous... Do you have that information

on temperatures as a function of time and position =-- How
do you compare -- How do you TRAC cores that gives over a
long period of time. Not only five seconds, but over a long
period of time, how are you able to reproduce the periodic
behavior and mixing grossly from one part of the pcol to

the other.

I
|
|
|
|
|
|
|

)
|

!
|

I guess the moment you have breakdown, you should

be getting a lot of radial flow from the higher void fraction
regions going over to the radial part -- to the outside and

that will again submerge eventually the =-- submerge the
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nozzles and then you're going to start developing a subcooled
region again and then you're going to get a breakdown again.

Are you able to predict any of that?

MR. ANDERSON: We do have data for the tempera-
tures in the upper tie plate and I do not have them here and
they show reasonable good agreement where we've compared
the actual calculated subcooling to the measured subcooling.

We hawe be:n able to show that we can predict
the subsequent build up of the level and following breakdown
== If youwant more detail, I'll have to come back to it at
a later time.

DR. CATTON: Are the units on that previous
figure meters?

MR. ANDERSON: the actual distance is
meters.

DR. CATTON: What's the vertical scale?
MR. ANDERSON: 1It's the mass flow down.

(Slide.)

Let me go on and talk about some of the basic
models we have developed.

We developed a new void fraction prediction
model and the essential part of that was a new model for
the interfacial shear tied together with a modefied
flow regime map and in the light of try..g to stay on

schedule which I think I'm already behind, let me just show

|

|
|
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(Slide.)

This is a comparison, again, some of the void

fraction data taken in the FRIGG 36 rod bundle which shows

the void fraction as function of the actual distance measuredf
|

i
The solid point data and the line is the calcula-'

from the inlet to the bundle.

tion with the TRAC code. It covers two different pressures
and rJiers and two different inlet subcoolings. !
One case here is virtually saturated at the inleti
(Slide.) I
This is another test which is a single tube test é
where we have highly subcooled inlet and what is plotted is |
the void fraction as function nf the equilibrium gquality.

The dotted line is the data and the solid line

is the TRAC code.
(Slide.) |
Part of thé model of the model was the CCFL !
predictiun and we obtained good CCFL nrediction partly |
throngh the interfacial shear model which is tuned to give
agreement with counter and flow data when you're at the ;
counter -- and flow machine. |
And by bhaving cood models with the condensatinn 5
and heat transfer and subccoled liquids, it's essential for

the prediction of subcoocled CCFL breakdown.
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DR. CATTON: This is CCFL at the top. with |
the bundle.

MR. ANDERSON: This is CCFL where it happens in

the code. We can test for CCFL at site entry or we can test
for CCFL -- in the bundle. We can test for CCFL at the

upper tie plate. The code would allow us to do it anywi.ere

in the system. ’

DR. CATTON: You indicated that your predictionsj
were good. Are the predictions universally good?

MR. ANDERSON: Most of the data which are
available are for the upper tie plate and there we get good
agreement partially because we have used CCFL data for the
upper :ie plate in the development of tle model.

The model is a good correlation.

DR. TIEN: When you use site entry CCFL, do you
have a different constance from the top CCFL?

MR. ANDERSON: You can apply in the code =-- ypu
can apply two different values for the CCFL constant.

DR. TIEN: But still -- |

MR. ANDERSON: And you can apply different value |
for the site entry orifice and the upper pie plate. '

DR. TIEN: How do you get those values, the !
constants -- tuned values?

MR. ANDERSON: The values are obtained from

experiment.
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DR. CATTON: You're going to describe the
experiments that those values were obtained from for the
side entry orifice?

MR. ANDERSON: No, I'm not going to describe
those.

DR. TIEN: I worked on this area before. I
got very much confused. This surooled CCFL, very recently

I saw from a paper from Japan and infact Taiwan also they

|
did some experiments. They show quite different characteristics

now from what this energy balarnce thing. In fact, now they |

show other agreement with a previous model that I proposed.

I was appending my model before, but now some

new phase and they said they agreed. So I don't know if you're

aware of these new results.
MR. ANDERSON: I've not seen them.

DR. TIEN: There was some controvery several

!
1

|
|
|
i
|

years ago on this thing, but now there were some experimental |

-~ added on to the controversy also.
(Slide.)
MR. ANDERSON: This is =-- shows an example of

what the Model and TRAC will do. This is a test for CCFL

at the upper tie plate and what is plotted here is along the

horizontal lines is a steam flow injected and here we have
the liquid downflow. The units are pounds per hour.

5,000 pounds per hour liguid wa injected.

|

:




1.0

Now, this line here represents the saturated

CCFL as given by the -- correlation. We ran TRAC both with |

| subcooled and saturated water. We ran it with saturated

‘ water we got to the right on this code. i
5 We then ran it with about 100 degree fahrenheit

6 | water which is a little more than a 100 degree subcooling

7 | and what we find is that all the liquid get down until we

E get to the point where we have so much steam that we can not |
o |

condense all the steam at which point we get back om the
0 | CCFL line and that is in agreement with the data for

" | saturated and subcooled CCFL.

3 (Slide.)

13 We have developed improved model for prediction f

4 | of the heat transfer and bundle and there are two things thati

'S | are important in accurate prediction of the heat transfer.

18 One is an accurate prediction of the hydraulic
§ 7 | conditions in the bundle and that is again controlled by the |
§ 8| £low regime map tha we're using and how accurately we can
g 9 | predict the void fraction.
; 20 We demonstrated through assessment of the void :
§ 21 | fraction model that we can predict a hydraiic conditions |
3 22

adequately and the rest that is left in good prediction of

FinGAn

23 | the heat transfer is good prediction of the wall heat
‘ 24 | transfer and the interfacial heat transfer.

DR. CATTON: Before we get too far away, I would
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just like to make sure that I understand about the CCFL. '
You showed us a nice figure with data and flow rates and !
predictions. It looks very good. Can you show us a similar ‘
figure for the CCFL configurations at the bottom of the bundlf?
MR. DIX: EZxcuse me. Can I wske a comment?

One of the comments here is that we have |

developed an open presentation to try to present to the |
overview of this and we have included as much data as is !
openly available. i
There is, I don't believe, any inlet CCFL i
data thatis non proprietay data and and that's our difficulty%
here in bringing it out in this environment. So if you want !
to see that kind of data and the comparisons, we would have
to have a propritary meeting at some point for that.
DR. CATTON: There's another way, too. I don't ;
know how much interest there is, but I personally would like i
to see that, because as your earlier figures show, what goes
on at the bottom is really important. Probably more important
than the top. |
If it would be possible, if you could communicatev
proprietary information to Paul and then he could give it
to me and I could take a look at it or whatever the committee
chairman would like. ;
CPR. PLESSET: I gather that several members would

like to see it. So maybe you would like to discuss it.




SATONNE. N Srema

co..

PENGAD

10

n

12

13

14

15

16

17

8

19

23

o

132

So maybe at the next meeting we could plan a
closed session. It might be useful anyway. Maybe we should
leave it that way. Isthat agreeable that you give it to us
in close session? @

MR. SHERWOOD: We thought we would chat with
you during the lunch break in terms of how to handle some
of the other questions tha came up during this and also
Gary Dix' earlier presentation. So why don't we discuss
the mechanics then of trying to come to grips with these
other questions.

DR. PLESSET: No closed discussion at this
meeting, but maybe at another one. ;

MR. ANDERSON: The main improvements in.the heat ;
transfer as I mentioned earlier has been in the wall heat %
transfer in terms of subcooled boiling. The boiling consisteé
correlation which consitts of the boiling length correlation.

And we included the correlation for our model
for thermal radiation hea- transfer in the bundle. ‘

(Slide.) '

This is a comparison of the data from one of
the Oakridge film boiling tests which was at a given time
a step increase in the power which forced the tundles to go
into film boiling and what we see here, the circles are
the data and the s30lid line is the calculation.

This is the measured wall temperature in the




CO.. BAYONNE N clees

rENGAD

10

n

12

13

14

18

16

17

18

19

123

electrically heated rods and this test shows very good
agreement with the data.

(Slide.)

This is a prediction of one of the BDHT
experiments. Again, it shows the comparison of measured
and calculated wall termperature as function of time.

You get an earlier boiling transition and sub-
sequent -- eventually you get into film boiling. Again,
we get reasonably gnod agreement.

(Slide.)

This here is a comparison of the termal
radiation model. What it is is an experiment where low
steady state power was applied to all €4 rods in the bundle.
The outside channel wall was kept cold and the experiment
was conducted until the steady state temperature profile
was obtained.

DR. CATTON: This is a dry bundle?

MR. ANDERSON: This is a dry bundle inside.
It's only a test of the thermal radiation model. The
basic mode of heat transfer is thermal radiation.

DR. CATTON: Do you measure the emissivity?

MR. ANDERSON: The emissivity which was used
is .7 which is a good emissivity for the stainless steel
rods that were used in this test. They were slightly oxidized

on the surface, because of the high temperature that was
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acvcained and .7 is a good wlue for that.

DR. THEOFANQUS: Why do you say that? The =-
stainless steel has a very low emissivity to start with andi
you know that it's going to go up and it's going to go up
to one.

New, why .7 is a good value between point two
and one. This is a different parameter and not a good
value particularly unless you measure it directly.

MR. ANDERSON: You're right. You@et different
results as you change the emissivity.

DR. TIEN: In fact, this is even a paper that
I wrote. So maybe I can mention this. It is -- that's for
-=- stainless steel that emissivity is well known. The more

perhaps =-- if you vary the emissivity, you will not be

|

|

able to fit the data. That's important. I think if you just!

simply vary the emissivity, it would not be able to fit the
data in terms of distribution.
DR. THEOFANOUS: What does that mean?

DR. TIEN: That means that you will not be able

to simply say has a floating tune constant to get a distribu-;

tion. If you change the emissivity, you change the whole
distribution of the temperature prediction. You will not

be able to get a good fit.

DR. THEOFANOQOUS: So this value works well. That's

all it says.
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DR. TIEN: Yes.

DR. PLESSET: I think mor~ Lllan taat that if you
change it, it's not going to work well.

DR. TIEN: That's what I was thinking. |

DR. PLESSET: I think that's a good point.

DR. ZUDAN: 1Is this .7 independent of heating

rate in the element. I'm sure it is not.

MR. ANDERSON: Well the .7 value is used for
all the rods which did not have -- i

DR. ZUDAN: It's for one experiment, right? If
you would change the heating rate in the element or the
temperature --

MR. ANDERSON: 1It's not a function of the heating
rate, it's a function of the surface condition of the rods. |
Of course, if you have -- if you start out with nice and
shiny rods, you have a much lower imissivity as you conduct
experiments and you gt more oxidized on the surface, then
you get to .7 emissivity.

DR. SCHROCK: Could I ask cne last question? On
your radiation model, your network analysis presumes each i
rod is isothermal, isn't that correct?

MR. ANDERSON: Each rod is assumed to be isother- |
mal.

DR. SHROCK: So for rod number one which clearly

is the least well represented by that assumption, what do
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you know about the amount of circumferential variation and
temperature that that rod actually experiences and where
have you measured the temperature?

MR. ANDERSON: I do not remember what the actual
location of the thermal couple was. I don't believe that
the circumferential temperature variation is very large.

DR. TIEN: Usually the temperature is almost
uniform. The conduction is so strong. The question is very
well taken. Although the termperature is uniform - the rod,
actually you have very very unif.rm radiocity and that's
where the new factor .5 comes in actually as -- to take care !
of very uniform radiocity -- uniform heat flux even though |
you hae the same temperatures because of the rods facing 5
very different environments. You have to take them into !
account. '

MR. ANDERSON: What we have is a first order
amocotropic transport correction on the radiation model and
we're using it controlling for factors this aw factor and ;
the value to be used is four and five which can be showed
to be the one theoret:cally would use for cylindrical rods.

When that accounts for the very non uniform
radiocity which you have along the perimecers of the rods.

(Slide.)

Let me just show you a few data on critical flow

and level swell.
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(Slide.)

This is a comparison to." the good old Edwards
blowdown test. The triangles are the data and the dotted
line is the TRAC BO2 cal:ulation.

(Slide.)

This is a comparison of the level swelling --
level swell test facility and this was a four foot vessel
which was filled initially with ligquid -- at an actual
elevation of four and a half foot. And it was blowndown to

a steam line and what we have measured or compared is the

actual void fraction profile as the two phase level swelled

up following the depressurization.

The circle are the data and the dotted line
ging through the triangles are the actual calculated
actual void fraction profile.

The data indicates that this is where the two
phased level is. This is where we calculate the two phase

level.

|

{

So both the Edward's void fractim profile and the

two phased level pousition is well calculated.

(Slide.)

So if I can summarize my presentation, the develop-

ment of the BWR version of TRAC for LOCA application

successfully completed. From the developmental assessment

that we have conducted, we have obtained good agreement with

|
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data and we have included enough different testing to
developmental assessment to make sure that we have captured
all of the major phenomena which you expect in the boiling
water reactor.

Thank you.

DR. SCHROCK: Could I ask one question about the
reflood applications?

I know that there has been some difficulty at
INEL and handling the reflood problem due to the uncertainty
of the flow regime just ahead of the quench front and the
amount of liquid carryover and the impact that that has on
the cursory cooling.

You never really addressed that specifically as
I heard your presentation and I think that it is still a
fairly unresolved issue. There was discussion on it at the
Advance Code Review Group meeting last summer and I think
it's a little surprising to me that what I hear you saying
is that we've got it all well in hand and we think we have
adequate physical representations.

I think that problem is one in which a two fluid
model has some severe difficulties because you have liquid
droplets, some of which are moving upward and others are
falling down simultaneously and essentially continuously
with time. That situations prevails for a significant time,

I should say.
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The modeling of that with the two fluid set of

equations is not an obviously simple proklem. So I guess --

I would just like to hear your reaction to whether or not
that is an area in which the fundamental knowledge is
adequate and the codes are already in good shape.

MR. ANDERSON: I agree with you. There are

that you have one liquid field and that can either go up or

it can go down.

|
The example you mentioned with droplets, some qoiml?
up and some going down, we cannot do that. The comparison §
we have with data from the TLTA test facility shows that we ;
can reasonably well predict the behavior of the bundle.

We will not deny that there are certain details
though which we cannot handle.

DR. SHROCK: There have been difficulties with
TRAC BD1l predicting Chen's data for example. Isn't that right?

MR. ANDERSCN: Yes. That is a very low pressure
reflux test.

DR. SHROCK: Granted, but if the modeling is
on firm ground, it ought to be able tu cope with a low
pressure situation as well as higher pressure situations. i

MR. ANDERSON: Well, it gets into this problem of

having just one liquid field available, because you have a

situation where you have large spectrum of droplets being
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Some are small and some are large and this test

all the small droplets are being carried up and the large

droplets would fall backdown and will subsequently breakdown

and carried

up as small droplets.

S0 in order to model that test accurately, you

need to be able tosimulate the small droplets that are

carried up.

Now, if pu want to model other tests where

you have liquid coming in from the top such as from CCFL

at the upper tie plate, what is important there is to be

able to model the largest spectrum or the part of the

spectrum that contains the larger drop that will penetrare

into the bundle.

Having only one liquid field, you have to make

a choice which one do you want to have and whst the choice

was in the TRAC code was to model the droplets representing

the larger end of the spectrum and that's why we had a

difficulty predicting Chen's experiments.

The only way I really see to get arou:d that is

to go one step further and have a three fluid model.

just buying
information

order to do

raising the

DR. SHROCK: But as Ivan suggested, maybe you're
new problems. You'll have to provide more

then in the way of constituative egquations in
that.

That may not be the answer, but my purpose in

question here is only to perhaps shed a slightly

i

|
i
'
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different view than the one that I seem to be getting from
your presentation which seemed to say to me that all of the
physical effects that are important are being adequately
modeled in the BWR TRAC codes and I don't see that as yet
at that stage.
DR. CATTON: I think this is an example of more
detail than you can handle. You don't have the information
to describe the detail you're trying to builéd intn the code
and that just leads to trouble.
MR. ANDEFSON: There are limitations in the model.
DR. CATTON: As a matter of fact, I don't think
ny of the advance codes do a very good Jjob of reflux for
that same reason and I would be surprised if the TRAC BWR
| *ould do any better Chan the others that try to devote more
attention to that particular problem.
DR. PLESSET: I think these points that Shrock
and Catton mentioned are correct. I have an optimistic feeling
| however that a kind of a smocthing and integrating effect
a large facility and it may not have a significant effect
final answers that cne cets.

Now, we may not be describing details correctly,

even, but it do 't make all that much difference in the

end. Let me stimulate some disc: ic that point.
things that I've

1s 1mportant that




ioss

LT 1 ]

CO.. BATONNE, N erem

PENGAD

10

1

13

14

18

17

18

19

Pa

23

24

132
the constituative equations currently in BWR TRAC are not
adequately handling that reflood problem and that something
has got to be developed that will do it better.

I'm not advocating a three fluid model, but what
I am saying is that we should recognize the shortcomings
of what we have presently and find a way to do the problem

that is adequate. I would thoroughly agree that some kind of

a smoothing technique is a better route to pursue rather than.

try to chase after a three fluid model which ties you to
constituative equations that you're never going to get.

DR. PLESSET: I think that's a good place to

| leave it.

Let's have a recess until 1:30 for lunch.

(Whereupon, the hearing was recessed for lunch.)

|
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1:30 p.m.

DR. PLESSET: We will reconvene and then
recess to take our tour to see the facilities. So
then we'll come back here and go into session then at
3:00 p.m.

(A recess.)

3:90 p.m.

DR. PLESSET: I think our next item is GESTR,
Mr. Potts, is that right?

(Pause)

MR. POTTS: My name is Gerry Potts. I'm the
manager of the fuel rod thermal mechanical design unit in
the nuclear fuel engineering department of GE.

What I will do is give a brief description of
the GESTR LOCA model.

(Slide.)

I'll start off with a backgruund, what it is,

what it's function is. Give a description of the various

phenomena that are considered and then discuss the experimen-

tal qualification performed.

(Slide.)

GESTR-LOCA is a mechanistic fuel rod thermal
mechanical performance model. It analyzes an individual

fuel rod. It divides the fuel rod up into a number of axial
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nocdes to adequately describe the axial power distribution
and divides the N sincle node into a number of radial rings
to adequatel/ describe the radial temperature distribution.

It's function in the loss of coolant accident

analysis sequence is to initialize the conditions at the onset

of transient and that is the fuel stored energy cap conduc-

tant imputs and the inventory of fission gas that is released.

from the fuel pellet to the void space.

The application of this model is to both UO2 and
gadalinia fuel.

It's applicaonle to zirca.oy cladding and our
barrier cladding where we have a thin zircon.uum liner on
the ID of the clad and the GESTR - LOCA in conjunction with
the SAFER will replace GEGP/SAFE and reflood in the loss
of coolant accident analysis sequence.

The status is that the model is fully developed.
The qualification is complete. THe LTR was submitted in
December of '81 and we just finished the second round of NRC
review questions.

(Slide.)

Here I'd like to walk through the various models
== component models that are in GESTR. All of these models
are to the greatest extent possible independently derived
calibrated to test data and hey're combined and qualified

to integral fuel rod experiments.
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We start with the thermal model. The temperature
solution starts off in the coolant saturated conditions
works inward to the cladding accounting for the resistances
to heat transfer due to the accumulation of crude or oxide
on the outer surface of the fuel rod.

We then calculate the gap conductance and use
a modified version of the Ross and Stout gap conductance
model ard calcu.ate fuel temperatures accounting for any
flux suppression in the pellet.

The mechanical model is an elastic/plastic model.
We have elastic/plastic properties and account for any
radiation effects such as the hardening of the cladding
strength, increased hardening and the annelling of the har-
dening with a radiaticn as the temperatures get higher.

The individual expansion models include thermal
expansion, irradiation growth of the cladding, the radiation
swelling of the pellet due to the accumulation of solid
and gaseous fission products in the fuel matrix, N reactor
fuel densification, cracking up and outward movement of the
pellet call relocation, fuel and cladding creep, mechanical
densification or hot pressing and fuel cladding axial
interaction.

This fuel cladding axial interaction accounts
for the fact that pellets when they're randomly loaded into

a very long fuel rod are going to be off center to some
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