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' PROCEEQIHECS

2 | (8:45 a.m.)

3 ; OR. PLESSET: The meeting will now come to order.

4 This is a meeting of the Advisory Committee on

5 | Reactor Safeguards' Subcommittee oOn EImergency Core Cocling

6 | Systems.

7| I am Milton Plesset, the Subcommittee Chairman.

8 é The other ACRS members here today are Mr. Ray, Mr. Etherington,
l

9 % and Mr. Mathis; and we have consultants here today: Dr. Zudans,
|

10 { Dr. Wu, Dr. Acosta, Dr. Catten, and I understand that

11 Professor Theofanous will be here a little later in the

)

12 morning.

13 The purpose of +his meeting is to discuss Semiscale
14 | and LOFT programs and glans for those programs and, in

15 particular, recent data on the questicn of whether it is better
16 o0 turn o7 the reac+tor coclant pumps during a small-break

17 | LOCA, or to leave them running.

18 | Dr. Andy Bates is the designated federal employee
19 for this meeting.

20 The rules for participation in today's meeting

21 have been announced as part of the nortice of this meeting

22 previously published in the Federal Register on Tuesday,

23 October 7. 1980.

24 A transcript of the meeting is being Xept ond will
25 be made available as stated in the Federal Register notice.
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It is requested that each speaker first identif
speak with sufficient clarity and volume sco that he can be
readily heard.

‘le have received no written comments or requests
for time to make oral statements from members of the public.

tie will now proceed with our agenda =-- and maybe I
will have a very £ w brief remarks to introduce the subject of
today's meeting; and I will also call on our subcommittee
members, if they wish to make any comments, as well as the
consultants.

I think vou all have the summarvy of background
material that Andy Bates made available. We have nad some
discussior of this guestion of the reactor coolant pump trip,
and I think that we have already complimented Brian Shercn on
his report that he wrote, which is a very good report, and he
has been very actively engaged in the study of this subject.

There was an ACRS letter written on this Juestion,
and in it I think that the ACRS view on the matter was made
fairly clear. I think that most of vou have seen that letter,
so I won't quote from it in detail.

Essentially at that time == which was last July ==
the feeling was that =-=- well, let me qucte, briefly: "Speaking
for the Full Committee, we do not at this time disagree

antirely with the Staff's requirement of prompt cnolant pump

ot

trip, but in view of the analytical limitations upon which pump

ALDERSON REPORTING COMPANY, INC.
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trip is based, we believe that the emphasis on the immediacy
of the trip and on eventual automatic trip may not be
desirable.”

I think we will hear more on this subject tcday.
There may be also some pertinent experimental observations
wnich will help people make a decision on this matter.

Let me ask if the subcommittee members want to 5ake
any further comment?

MR. RAY: I have nona.

MR. MATHIS: Not at this time.

DR. PLESSET: Do the consultants have any special
guestions that they would like to pcse?

(No response.)

DR, PLESSET: If not, I will again apologize a
little bit for our being a little bit delayed, but there was
a matter of electricity that was invelved, and you are all
familiar with the problems with that.

Let me call on Brian Sheron to introduce this
problem of the pumps-on/pumps=-off.

DR. SHEROM: Dr. Plesset, my name is 3rian Shercon.
I am with the Reactor Systems Branch of the O0ffice of Nuclear
Reactor Regulation. I have been up here a number of :times on
this subjec:. Hopefully I will have a little Dit more to tell
you tocday concerning where we've ccme from and where we are

going with this problem.
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(Slide.)

The first part ¢f my presentation this morning is
going to basically be to bring you up=-to-speed with a brief
background and history of where we are a+ today.

(Slide.)

Basically, right after the TMI accident it Decame
apparent that plant operators had never been given any specific
guidance on what to do with the pumps during a LOCA, except
Westinghouse which had instructions out to their operators to

trip them. I believe it was on low pressure, although when

}o

I talked with Espezito he said that thev were just given
instructions to trip immediatelvy.

Previocus sensitivity stndies that were required
bv Part II Item 3 of Appendix K certainly address the need to
study the effect of pump operation on LCCAs. This indeed
was done back in the early compliance days of Appendix K, and
it showed that pump-trip assumption was generally the worst
case. I believe there are some two-lcop plants which showed
that pump operaticn gave a slightly higher peak-clad tempera-
ture, but by and large most large-breakx LOCA calculations
show that pumps-trip assumption was a worst case.

This was also consistent with the assumption of
a simultaneous loss of off-site power. I!lost small breaks
were not examined, however, in the same detail as large Dbreaks

primarily since small Sreaks were usually not limiting, and
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that peak-clad temperature calculatec using Appendix K was
typically around 1800 deqrees or less.

An early pump trip was alsc assumed to be the
worst case for small breaks, since it was usually the worst
case for large breaks.

On June Sth of '79 right after TMI, the Staff
issued a letter to the vendors requesting additional analyses
to address various small-break issues which had arisen Ifrom
TMI. This iacluded studyinc the effect of the pump trip on
small-break LOCA.

B&W came in in early July of '79 and cave a
presentation to the Staff. What their preliminary conclusions
or the results were showing them was that there was a spectrum
of break sizes, break locations, and pump-trip delav times
in which the peak-clad temperature was estimated to exceed
2200°F. Now I say "estimated," because they wer2 not doing
strict Aprendix K calculations, nor were thevy doing the heat-
up calculations that were necessary ¢to show the clad tempera-
ture going in excess of 2200°F. They were basically doing
their hydraulic calculation with the CRAC code. ‘hen they
tri.pped the pumps, they would see how much the vessel was
G .covered, and then they could do some guick-and=-dirty hand
calculations using adiabatic heat-up type models and estimate
the time to refill the core and ZIor the fuel to heat up and

exceed 2200°F., They alsoc were assuming twec HPI trains were

ALDERSON REPORTING COMPANY. INC.
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Their conclusion was that cbviocusly we bellieve tiaere
are (1saes that would exceed 2200°F, with two pumps, so there's
no sense doing a one~HPI calculatiocn.

The Staff, upon learning this, turned around and

told Westinghouse and Combustion of tils problem, and they

-
-

called us back wirhin a short period of time and, I believe i
was Denny Ross told us that they didn't know what thls strange
disease was, but they had it, too.

Bsl! turned around and issued a letter to all its
customers on July 20th of 1979 recommending that pumps De
tripped on a low reactor coolant pressure ESFAS actuation
signal.

DR. PLESSET: Brian?

OR. SHERON: Yes, sir?

DR. PLESSET: 1In view of the difficulties of these
salculations, I don't think we know vet how tc do these
calculations, do we?

DR. SHERON: Well, I think that EG&G will probably =-

DR. PLESSET: Tell us abcut that?

DR. SHERON: == be able to shed a little more lichc
on our capability now that we do have some test data.

DR. PLESSET: I wondered how the vendcrs could come
back so promptly with this assessment or assurance that they

had to have the pump trip; that there was this spectrum ==

ALDERSON REPORTING COMPANY, INC.
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DR. SHERON: Well, their calculaticns, based on their

best judgment on how to model the primary system with tiie pumps

running, indicated that they could produce conditions in the
core which they estimated would :ave the clad temperature
exceed 2200°F. So basically this recommendation £or early
tripping of the pumps was not Staff's idea; this was the
industry's.

DR. PLESSET: I understand, and I appreciate that;
but I wondered: What does this tell us about their abilities
to make these calcualtions? Did they overestimate ‘*ae.lr
abilities?

DR. SHERON: UWell =--

DR. PLESSET

They come back s¢o promptly and so
definitely with this well-defined window, and vocu wonder: D
they know what they're doing?

DR. SHERON

Well, I guess that was cur guestion.

DR. PLESSET: Okay, so vou also share that sentiment

tO Some extent?
DR. SHERON: <Yes. I think that's =-=- Well, richt

down here (indicating), it's a key conclusion, which I will

i

et to. But the problem we had right at hand with the 2a&W

u

etter was that it was providing conflicting guidance to their

=

customers.
(Slide.)

&E bulletin whicih went out rigiht

On a previous

ALDERSON REPORTING COMPANY, INC.



JWB
|
2
3
4
" 5
,
:‘
I
3
37
3
£ 8
9
z
= 10
z
z "
2
2 12
g 13
§ 14
s
z
16
7
= 17
7 18
S 19
=
20
21
22
23
24
25

e B el Sl

the Three Mile event basically said that if for some reason you
get a small-break lcss-of-coolant accident and your reactor
coolant pumps are running, you know, for God's sake don't turn
them off; leave them running. And ncw all of a sudden they
get a letter saying that if you vet a small-break loss-of-
coolant accident, turn the pumps off,

Well, then the phone starte? ringing off the hcok
on everyone up to E4d Case. We found ourselves down in his office
awfully quick on a Friday afternccon trying to figure ocut wnhat to
do, because they didn't know whether tc listen to their NSSS
vendor, or to listen %o the Staff bulletin.

DR. CATTON: Brian, have any best-estimate calcula-
tions been made for the existing plants?

DR. SHERON: Yes, Combustion provided best-estima

[
(]

calculations in their report, CEl-115.

DR. CATTON: Does their best estimate allow fecr
subccolinag?

DR. SHERON: Subcocoling at the break?

DR. CATTOM: Yes.

DR. SHERON: I would assume as much. Their reporst,
however, did not provide a lot of detail on their calculations

as to exactly what their calculations were predicting at the

[

break and the like. Plus, at the time the primary concern, as
we saw it, in the analysis models nhad to do with the flow-regime

model: and in fact I think that withcout =-- at the time, without

ALDERSON REPORTING COMPANY. INC.
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- -

-

any experimental data, that appeared to be one of the key
differences among all the three PWR vendors.
DR. CATTON: Then the Semiscale results apparently

pointed out the need to properly predict the amount of subcooling

3

10odalization.

.

and that they only way you could do that was proper

-

And I agree with Dr. Plesset, I don't see ncow they could have

1

done all those things in time to have made predictions that
hold water == I could have phrased that differently.

DR. PLESSET: Well, anyway ==

DR. SHERON: I think that was our conclusion.

DR. PLESSET: Yes. I think evervbody but the vendors
seemed to have that opinion.

DR. CATTON: And I am still =-- Maybe sometime thls
problem of Combustion Engineering versus Westinghouse coming
to different conclusions with basically the same kind of
plant ==

DR. SHERON: No, thev're not.

DR. CATTON: There are enough differences to exrlain
the result? Okay.

DR. SHEROM: Yes. I can explain those, if you want
and 1f we have some time.

DR. CATTON: Okay.

(5 1)

DR. SHERON: Let me just run through this brie

P
L

here.

Basically what we did is we turned arcund and issued

ALDERSON REPORTING COMPANY, INC.
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Bulletin 79-05C arnd 79-06C on July 23rd, wihnica you will note was,

I believe, one day =-=- no, that was a weekend -- the 20t was
the Friday, and the following Mcnday, the 23rd, we 1ssued
Bulletin 79-05C and -06C stating pasically == endorsing the
BsW recommendation for early pump trip.

The reascon we could live witnh this, I guess, was

along.

[
[

that, number one, Westinghouse was recommending this a
The reason thev were recommending it was I quess primarily

because of what Dr. Plesset just brought up, that they said
that: Ve have a lot of experience, and we Xnow that wien we

trip the pumps that the plants can comply with Appendix K. Ve

pes

understand their behavior a lot better, and it has Deen studied
a lot more than the case with the pumps running.

So they said that thev believed the pumps should
have been tripped all along, and now 3&W was sarying that an
the 3taff basically endorsed thar recommendation because now
there was never anvmore question of compliance with Appendix K
with the pumps tripped.

We turned arcund and I got elected toc write up a
report, UREG=-0623 which sort of tried to pull all this
together as we knew it at the time, and to provide a basis for
the actions being taken in the bulletin.

We also concluded at the time that we thought pump
trip was probably best to be automatic, primarily because all

three vendors were telling us that they had tc have the zumps

ALDERSON REPCRTING COMPANY. INC.
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tripped, and that they had to have the

'O

reasons. And also because the present requirements

<

umps tripped

for s

were takir

-

credit for operator action in a very short period of time =--

I

much less than the previocus Staff estimates that were allowed,

.

which was 20 minutes, I believe, in the Standard Review Plan

Section 6.3,

Our key conclusion in NUREG-1623 was that flow

regime model assumptions among the three PWR vendors

were

mutually conflicting. NUREG-0623 has a table, and if you track

through the table you will be able tc see every diZference

every region of the primary loop, where one vendor had

nomogeneocus, where ancther had separated flow.

As Dr. F sset also said, the ACRS did write a

letter on the sul 2ct and recommended a restudy of €

.
-

for pump trip. The Staff agreed that this was certainly an

acceptable way to go, and we have presently been doing that

and taking a harder look at 1it.

We have included it in the Task Action Plan ==

chat's Item 2.K.3.5. What we are doing 1s including an

evaluation of the capability of vendor ECC models to

1

predict plant behavior during small breaks with the

running. So we are kind of giving them the opportunity t

convince us that thev know how their plants behave.
We issued a letter on April 13th of 1980

all holders of approved ECC models, which basically

ALDERSON REPORTING COMPANY. INC.
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Exxon into the fold, to predict LOFT Test L3-6.

wn

low the 3taff met witih industry representatives 1in

r

May of 1980. The purpose was to discuss the status of the

G on Semiscale

@

pump trip issue, and to receive a briefing by EG
tests that have been run to date, and to give the industry a
chance to express comments, suggestions, and concerns on
proposed LOFT tests.

DR. ZUDANS: Brian, on this requirement to predict
the L3-6 experiment, what are the chances that the licensees,
by using evaluation models, can make a predicticn in the Dbest-
estimate mode?

DR. SHERON: We didn't ask them to use the evalua-
tion model.

DR. ZUDANS: Then you assume that thev will have
other tools to do 1it?

DR. SHERON: Most of them do, yes, sir.

DR. ZUDANS: Okay.

DR. CATTON: So the game plan is to have them
prepredict L3-6 to demonstrate that their codes can do the
job properly: and then to make the predictions for their own
plants?

DR. SHERPON: Yes. I'm going to address what we are
going %o do with all this .n a litcle more detail in the seccond
presentation this afternoon. In other words, this 1s sort of

bringing us all up to today; and then from today on, we will

ALDERSON REPORTING COMPANY. INC.
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nave the LOFT test, we will have wvendcr predictions, and I will
be explaining, I guess, our plans on what we intend to do with
them, how we intend to evaluate them, and what we intend to
require the industry to do as a result of these predictions,

(Slide.)

On June 26th, Staff issued a letter to all holders
of approved ECCS models, basically allowing the blind post-test
analysis of Le-6 using actual test conditions. This is sort of
a departure from the previous approach on either a standard, or
what we call "required problems.”

At the Mav meeting, the industry expressed great

(L

consternation about the problem of providing a pre-test predic-

tion and then having a test be run, and the initial conditicns
were not the same as what was prescribed to them; and that
perhaps during the test, a certain number of events occurred
which were not spelled out in their pre-test prediction packace.
For example, some valve sticking open somewnere, cor ancther
valve closing when it shouldn't. They said that this usually
srovides for a pcorer prediction tnan they would like to see,
and they said that a lot of people may De making harsih judgments
when they're really comparing apples and oranges.

So they're trying to compare apples to apples. They
wanted to do a post-test based on the actual test., As rou Xnow,
we always have the problem of: Well, gee whiz, You Xnow, 7ou

going to have all the test data in front of you and yocu'll be

ALDERSON REPORTING COMPANY. INC.
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able to tune vour models up, and it really won't be a "blind"
prediction.

So what we agreed to was that we would let them do
a post-test analysis, but they would document their mcdels with
the staff prior to the test. And by "Jdocumenting,"” this would
include a printout of the actual input modeling assumptions
that would be made, almost to the extent of setting up the code
with what they think would Le the proper initial predictions,
and then running a couple time-steps tc show us that the thing
initializes and this is what they were going to use; and tien,

run the test and give them the data of the initial conditions.

And that if they =-- then, by sending in their £inal predictions,

n

ir

1)

we could compare their initial to th inal tc make sure,

ing changes were made

e

to convince ourselves tha* nc great mode

3

to tune up their model to the data.

And we requested that the mocdels to be used for
L3-6 be documented with the Staff by December 3rd. MNow L3-6
I understand was scheduled to be run on or befcre December 17th,
but nopefully not before December 3rd or we're going to have
trouble.

(Slide.)

Now what does the Ttaff ask from RES? Abocut the
same time that we got the information on the problem from 3&i,
we sat down with Res2arch to discuss what support they might

be able to nelp us with on these small-break LCCA licensing

ALDERSON REPORTING COMPANY. INC.



WASHINGTON, DO 20024 (202) 554 205

, HEPORTENS BUILDING,

S W

SO0 THHE STREET,

JWB

10

1

12

13

14

15

16

17

18

19

20

21

22

23

24

25

2]

issues. We requested a number of tests, including some
sumps=-on/pumps-off. We also recommended three different break
gsize small-break tests to show 2 tmall-break when 1t repres-
surizes, a small break which sort of hangs up at the secondary
side pressure, and then a small break which would depressuri:e
all the way down.

We also, like I said, recuested some pumps=-on/2umps-
0ff tests. Then we got embroiled in a little guestion of
whether heat losses could be properly gquantified from a semi-

scale system due to the excessive surface area from i scaling

distortion.

L)

think it was around early February the concensus
was <hat the test data from the pumps-on,/pumps=-off test in the
Semiscale would give meaningful information; and that the heat
losses could be properly Guantified.

Also, Research proposed to run LOFT tests L3-3 and
L3-6, L3-5 was a small break on the intact locop with the

umps tripped early. L3-6 would be the same test with the pumps

'O

eft running == the "pump" left running.

[

Research, with their contractor EGsG, ran three
small-break LOCA tests for pumps-cn/pumps-off problem in che
Semiscale; and they also provided supporting analvses of these
tests which I Delieve we'll be hearing about.

(Slide.)

[ ]

R the only thing

ALDERSON REPORTING COMPANY, INC.



WASHINGTON, DO 20023 ("02) 554 215

, REPORTERS BUILDING,

sSwW

SO0 TIHH SITREED,

JWE

10

1

12

13

14

15

16

17

18

19

20

2]

22

23

24

25

18
review of the phenomena as we understand it tocday == Just to
zun through again exactly why these pumps have to te tripped,

ere is a little hit of time

e
n
g.

why a window exists, and then
I will try and spell out any differences Detween say a
Westinghouse plant and a Combustion plant.

For small breaks in the cold-leq discharge pipin

«£3

wich the pumps tripped early, what happens 1s: The system

first drain down to loop seal elevaticn. Cnce this haprens,

(=

wil
then steam can pass around the hot leg through the steam
generator, arounc the loop seal, and out the cold-leq break.
Once you start to pass steam through a break rather than a low-
quality two=-phase liquid, you get what I would call "enhanced
depressurization effect," and the system depressurizes faster
than it was previously. This of course promotes ECC additioen,

and what haprens is that the inventory going in from ECC exceeds

3

the inventory being lost through the break, which is alseo

jreatly decreased because it's gone from liguid to steam.

And so you ~et the inventory starting to recover on 1it,.
Now for small breaks in the cold-leqg discharge

"

piping with the pumps running, the pumps Dasically are providing

h

[
(=
-

more of a homegenizing effect. The system will 1initia
benhave similar to a case where the pumps tripped, bDecause the

€luid coming out of the break is still going to be a very lowe-

be of less subcocling than

'4

Juality fluid -- although it wil

with the pumps tripped, because you're homogenizing thrcugh the

ALDEZRSON REPORTING CCMPANY, INC.
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pumps with some steam.

DR. PLESSET: You're also

heat out of the core, which tendc to

mixture. Is that right?

the pumps running?

DR. SHERON: I don't

an effect in terms of removing heat

the core is ccvered,
of nheat transfer is basically a very

mechanism at very low power.

DR. PLESSET: I guess it's

this would be an important effect on
generating?

SHERON:

CR.

of face, this

question == one of the

calculation
very effect.

CR. PLESSET: Okay.

DR. SHEROWN: What happens,
running is you

because 'ou'ce

there is really no distinct liquid level

draining down, and the like.

What we think may happen 1s that

aeac

Hcw much of

really

Erom

the heat transfer -- the ool

big differences

pumping this mixture around the system.

more effectively taking

up ligquid <= the

an effect is that with

"

too much

T
5.4

O

think

the core, because when

boiling type

good heat transfer

only a little later that

the flow that you're

could push steam -~ as

it Dr. Catton's

was

between the Combustion

and the Westinghouse calculation is based on this

though, with the pump

don't get this locp-seal clearing phenomena

S0

in the system that's

the pump will

ALDERSON REPCORTING COMPANY. INC.
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continually put some sort of a twco-phased mixture to the break
lccation, rather than let it transition at some distinct time

into say a low-quality two-phased liguid to steam. It's just

going to keep putting liguid there.

We've seen some other evidence both in Semiscale
and I think Dr. Griffieh's table~-top setup which shows pump
chugging may have some effect. In other words, You would £ill
up the loop seal until it hit the suction to the pump, and then
vou'd kind of push a slug of water thirocugh the system; 1t woeuld
clear itself out, and then i* would sit there and just he pumpin
the steam until the loop seal filled up again to the suction,
and it would vontinue to chug == which would alsc have scme sort
of effect on what is seen at the break. We don't have %00 much
information on that right now.

But in any case, we don't think you would see this
distinct transition of break flow from a low gquality to a
high quality; anc there would be nc distinct decrease in the
mass lost from the system. Note that when I talk about
draining to a loop seai elevation up here, this is only really
for Westinghouse and CE designs. II you lock at a lowered lcoop
3sW plant, the loop seals down around the bottom of the core;
and if you had of cleared that, you would obviously be calcu-
lating that the whole core would be voiding before you could
pass steam. Obviously that weculdn't be acceptable, and in

fact most BaW calculations show the core doesn't uncover., This

ALDERSON REPORTING COMPANY. INC.
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13 because of vent valves that exist i1n there and allow steam
to pass directly from the upper plenum into that cold leg.

DR. CATTON: Does the LOFT have that problem with
the bypass hetween the down =-

DR. SHERON: They just don't have a valve there.

DR. CATTON: But thev have bypass difficulties.

DR. SHERON: I don't know. I think that the latest
estimates were what, about 6 percent?

MR. SOLBRIG: Very small. About 1 percent.

DR. CATTON: I've heard great deal of concern
about that expressed by some of the vendors.

DR. SHERON: Yes, and EG&G has done an extensive
amount of looking at it, I believe, which thev would probably
be able to address,

CR. CATTON: I would like to hear the vendor
arguments addressed.

DR. SHERON: I think there is ancther guestion.
coming up, because I have called all the vendors and they claim
that they tocck credit for the bypass path which they believe
exists in their reactors wnhen thev did these calculaticns.

DR. CATTON: It dep2nds if you need it or not.

DR. SHERON: And they claim their Lypass flow paths
are on the order of a few percent. Their argument was that th
initial estimates where LOFT had somewhere around 10 percent,

much, much larger than their reactors, and that indeed if they

ALDERSON REPORTING COMPANY. INC.
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o

nad 10 percent, they would calculate thelir plants would benave

the same way LOFT would in this area.

Now LOFT is basically coming back and saying that

no, it's not 10 percent, it's a lot smaller. So then the

question 1§ ==

"

like to hear how they know what

-
r
.4
u
.

One other thing, your seccnd comment on that pre-

vicus slide, near the bottom, "No loop seal clearing

phencmena”" in the transition and break flow. Gee, dcesn't

that depend on whether your flow i1s stratified or not strati-

fied, plus the location of the break on the pipe's circum=
farence?

DR. SHERON: Oh, definitely on the location.

r

I pointed out that these are in the ccld-leg discharge piping
that I'm drawing these general observations on.

DR. CATTOM: Okay.

DR. SHERON: I think it provides the clearest

example of the differences of why pumps-on versus pumps=-off
makes such an effecet.
(Slide.)

And again, the flow

have some effect on that. And as I pecinted out, we just got

scme recent information which snows one does get

chugging effect in the pump, that too could affect what's

at

ALDERSON REPORTING COMPANY, INC.
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NEND S e SR

the break. But none of the vendor models. Oor aven cur own,

1

I think, can properly predic

it

-

wy
-

8 chuggiig that might occur.

.

This 1is a little

r
r
0

artoon I drew up which tries to
show why leaving the pumps running can get you in trouble
versus when they are tripped.

lNow let's take the case when the pumps are tripped
very early, say at t = 0, What vou get is, you get the
subcooled f£low which =-- this (indicating) 1is the integral mass
lest from the system. So as you get the liguid coming out the
break and you're draining down, until you drain down to the
locop seal and vou start to pass steam out the break, now all
of a sudden you get a lot of steam out the break and very little

liguid. S¢ the mass lcss increases. It starts to turn over.

i

At some point, the primary system pressure drops
down to about 600 pounds and the accumulatcors come cn. MNow
for a CE plant, this (indicating) just goes ocut a little
further until you hit 200.

The accumulators ccme on, and you start to recover.
This is usually for the limiting Dreaks.

Now with the pumps running, as I said, the first
thing they do is they tend to mix up all that £luid in the
cold leg near the break, so it's not a subcooled. And Decause
the critical flow goes up 2s subcooling goes up, oecause the
subcooling is less the mass flow == the critical flow is less,

$0 you get slightly less mass flow out the break with the pumps

ALDERSON REPORTING COMPANY. INC.
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pressure has gone down enough. So this is how you get a
window whe: you don't want to trip a pump. And this is a
function, as I said, of break size and break location.

What I have, I think vou may have seen these, but
Ed Cromm ran these calculations back when for a Westinghouse
four-loop PWR: a four-inch ccld-leg break in two cases, pumps-~
of£/pumps=-on.

MR. RAY: Brian?

DR. SHEROMN: Yes, sir.

MR, RAY: These curves that you have iust showed,

leg?

i

are they still for the break in the col

DR. SHERON: Yes, sir.

MR. RAY: Only the cold leg?

CR. SHERON: Yes.

MR, RAY: Are ycu going to discuss what happens
with a break in the hot leg?

DR. SHEROM: I didn't intend to, because it's ==

MR. RAY: Is the reaction similar?

DR. SHERON: No == Well, it depends on the model,
okay? Ccmbustion Engineering predicted a hot-leg bDreak would
be the most limiting, and Westinghouse predicted a cold leg.

MR. RAY: Do I deduce from this that our only
concern is with a break in the cold leg?

DR. SHERON: No. This is strictly to just try and

illustrate why a window exists. Okay? It was not to == There

ALDERSON REPORTING COMPANY. INC.
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are windows that exist for the hot leg, but again I would

like == bear with ma. I'll be able to discuss in a little bit
some of the modeling differernces that cause a hot=l2yg “reak

in a Combustion plant to be more limiting than a Westinghouse.

MR. Y: Okay.

DR. SHERONMN: Just to show that my little hand-
sketch cartoon =-- This was a calculation done by Ed Cromm of
the Westinghouse four=-loop PWR four-inch cold-leg break. He
did == You'll basically see overlays of four calculations, two
with the pumps off, two with the pumps on. In vne case you
will see ECC flow going into the brcken loop. In the cther
case, you'll see no ECC going into the broken loop, which is
consistent with a licensing assumption which says that the ECC
into the broken loop is assumed to be spilled onto the f{loor.

DR. CATTON: And their mcdel has ro stratified flow?

DR. 3HERON: Uhose model?

DR. CATTON: Is that correct? The one that is Deing
ysed for this calculation you're going to show us,

DR. SHERON: No, tnis is bubble rise. That 1is
stratified £low.

(Slide.)

T™is is RELAP. These are the break characteristics,

('.

and it was located

o

n center line of the pump discharce

“

leg. The critical flow model used was Henry, Fcuskey, and Moody
b )

with a CD of 1 and a decay heat of 1.2. So it was along the

G

ALDERSON REPORTING COMPANY. INC.
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N lines to try and maximize the mass loss.

Thi= is the effect on the primary system pressure,
The battom curve is numbers 1l and 2, which is the pumps-off
case with and without ECC into the broken loop. You can see
that they'‘re almost identical. 3 and 4 are with the pumps On,
which is consistent =-- namely, that you get the sharper
depressurization when the loop seal clears; in this case, you
don't get it.

(Slide.)

This is the break mass flow ocut ¢n about 1000 seconds.

Again, these raggedy lines (indicating) are 1 and 2, which
is the pumps-off, and you can see that there is a very distinct
break in tne mass flow out the break. HHere (indicating) it 1is
more gradual.

MR. MATHIS: Brian, I can't read that. Where does

that transition occur in terms of time?

e
(r

DR. SHERCM: I think he has it here. ‘c ks like
about 3= I'd say maybe 325, 350 seccnds.
(Slide.)

-

And last, this is verv analagous to that cartoon I
just put up, which is the integrated mass flow out the break.
Curves 1 and 2 are rignt here (indicating). Curves 3 and 4 are
the sort of heavier line (indicatine). Again, like tne cartoon

r

just had up, curves 3 and 4, which are the pumps=-on, you will

ALDERSON REPORTING COMPANY, INC.
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acte have a lower integrated mass out the break initially than
with the pumps-off case, which is indicative of subccoling. So
the codes are indeed predicting what was seen 1in Semiscale,
which was a comforting observation.

We are predicting the higher subcoocling. There is
the cross-over point here, wnhere now with the pumps on the
integrated mass loss is greater. And I don't have the curve

all the way out, but this would eventually turn over and come

down.
That was all I had prepared for my presentation., If
you want, I will try to just briefly discuss the problem with

the Combustion, say, versus Westinghouse.
DR. PLESSET: Fine. Can you do that now?

DR. SHERON: Yes, I can do it now very auickly, I

L2

think.

The wav we saw it, there were about two Or three
key differences in the way the system was modeled, and also the
way the vessel is arranged ir a Combustion plant versus a
Westinghouse.

t is tied to, number one, aow you model the hot

L}

leg aud the uphill side of the steam generator. It is Xeyed to

1
33

the pump performance curves; and it 1s keyed to e vessel

geometry.
Now with the hot leg, Westinghouse basically does

not have a countercurrent flow model =-- a horizontal

ALDERSON REPORTING COMPANY. INC.
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countercurrent flow model,

components or thelir

generator.

leg at the vessel cannct
it goes up and around through thne steam generator.

Liguid cannot flow back

DR.
restriction.

DR.

DR.

understand it,

In other words,

CATTON:

ACOSTA:

SHERON:

. 1 1% = 4
vertical upiill side

or vertical, in their not-leg

of their steam

anvthing that enters into that not
£ind itself back into the vessel unless
Okay?
and steam £low up.
That seems to be a rather severe
Yes.
Well, from the standpoint == As I

they seem to claim that was imposed by the old

Analysis Branch way back.

DR.

calculations with their

Westingh

DR.

Westinghouse plant,

DR.

and made a

DR.

thev are different,

DR.

that == Well,

calculation on the CE plant because we did

use and

CATTON:

CE?

SHERON:

CATTON:

SHERON:

CATTON:

SHERON:

number cne,

but

cther

That may be, but has the Staff made

own tools in both ¢f shese cases --

We've made the calculations with the

with the ==

not

Have you used your own code in

calculation on both plants?

ot on the Combustion plant.

SO there 1s

than discussion.

Right. At this point, we just

at the time we did not do the

} nave model

not

ALDERSON REPORTING COMPANY, INC.
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set up properly. Also, we believed that if we turned around
and tried to run a pumps-on/pumps-cff comparison for a
Westinghouse plant versus a Combustion plant and try and
examine their differences, what we would do is we would have
hree different sets of calculaticons. Because right now, the
Staff knows nothing more than the industry does about 2ow %O
set up a medel with the pumps running.

DR. CATTON: But, vou see, vou've got a model
developed by Combustion Engineering that Combustion Engineering
uses to analyze their plant, and they claim that it's the best
thing that ever came along.

DR. SHERON: Right.

DR. CATTON: You've got Westinchouse doing the same
thing. You've got a table full of differences between their
two models, vet you have vour own RELAP sevies here in Idaho.
What I don't understand is why vou don't use it to do vour
own calculation in both plants and come to your own conclusions.

DR. SULLIVAN: Brian, I think we'll address that ==

or at least I will == in some detail later.

DR. CATTON: Okay.

rn
'

DR. SHERON: Let me just go on with these differences--

MR. RAY: Brian, these different models of codes
that you mentioned, Ivan, are “hev different becausa they are

more characteristic of the specific plants? Or is tn-re a

different philosophy in the approach to the problem?

ALDERSON REPORTING COMPANY. INC.
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CATTON :

DR.

There

L
[

rn
ey

erent phileoscphy.

is some di

Like one of the examples that Brian was mentioning is how they

handle the hot leg, whether you can nave

countercurrent flow.

L

One says "yes," and the other says "no." Well, do you really
need it? I'm not sure. In some cases --

MR. RAY: It would seem to me ==

DR. SHERON: One says "yes"; the other says, "you
never allowed us to."

MR. RAY: Well, it would seem to me ==

Laugnter.)
MR. RAY: It would seem tc me that this fundamental

concept, Or rather

be a subject of some research,.

DR. PLESSET: I

i think,
MR. RAY: Okay.
DR. SHERON: I

some ¢f these LOIT tests,

up a case to get what the

from Harold Sullivan.

the difference in pnilosophy might very well

Which 1s proper?

P 1
-

but we hear more apbout it,

walit.

think you might, when you hear about

(r

the fact that when they tried to se

people call "reflux Deoiling,” wuich

is basically this liquid down/steam up == when they thoucht
they had the test set up to get those conditions, it just didn’
appear. Okay?

So even thouagh a code may be predicting that the

sonditions are right for a countercurrent

not supported by experimental

£low in

avidence

ALDERSON REPORTING COMPANY. INC.
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in the air as to what
Out is ==
DR. CATTON:
when we were up here?
stratified flow in in
MR. SULLIV

DR. CATTON:

is right. But what I am tryiag to point

Well, Harold, what were we looking at

Which part ¢f the system did we see

Seniscale?

AN: We were looking at the cold leg.

-

The cold leg?

MR, SULLIVAN: Where the =-=-

DR. CATTON:

DR. PLESSET

DR. CATTON:

beautiful.

Ckay.

: That's the cone where they nad a movie ==

Right. And that surface was just

this

Well, I think we shouldn't interfere with 3rian's

presentation.

DR. SHERON:

One of the kev aspects, tkough, is

-
-

when vou calculate countercurrent flow in the hot leag and on

"

-

the uphill steam generator, you will calculate liguid running

back down into the vessel. Okay?

If you have a hot-leg break on the bottom of the

hot-leg pipe, that 1is

at that location. Westinchouse, by not having “‘ne counter-

current two-phase £1

that's one reason.

at

basically going =0 keep the liguid source

in their model, that caviously puts

their most restrictive break location in the cold leg. So

ALDERSON REPC™TING COMPANY, INC.



JWB
1
2
3
4

- 5

5

o6

i

E

: 8

2 9

z

= 10

z

:3; n

=

i 12

g 13

§ 14

FRT

-

=

. 16

n

< 17

g 18

S 19

S
20
21
22
23
24
28

Now the other reascns are, as we saw 1t looking at
their models =-- and these two are very closely related == 12
vou look at the Westinchouse vessel versus a Combustion vessel,
closer down at the bottom of the core, you've got to lock at
+he elevation from the center line in the not leg down to where
the flow has to take the turn up into the core.

Combustion has a flow skirt with perforated holes
around the bottom. I forget th2 exact dimension of it; it's
maybe about a foot or so. What you calculate when you have
the pump running is vou get a phase separation in the down=

sover. So you basically have a mixture level in the downcover

which is depressed by the pump operating. Okay? When the

35
®

pump is running, it basically depresses this level down to

1

b

®
3

bottom of wherever the flow is going to take the turn, and
you are going to pump steam up througnh the core, under say the
bottom of the flow skirt, or wherever, and up through tne core.

Combustion calculated that their pump model =-- and
this is coupled witn their pump degradation model, and I tried
to do a comparison of the two-phase homolocgous curves, and I
just kind of threw my hands up in agony because it just wasn't
really too possible to draw a one-for-one, due to the different
characteristics of the pump. They did not calculate they could
depress the two-phase level down below this flow skirt.

Mlow a part of that may be real; the other part may

be contrived because they took no credit for the fact that they

ALDERSON REPORTING COMPANY INC.
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nad little holes in ‘heir skirt. They assumed that those holes

were plugged up, which they said was conservative. And what

.

(=

they did is, they tried to depress tne ligquid leve
bottom of the skirt.

Well, the level that you can depress it down 1s a
function of the pump head =--

DR. CATTON: And we don't know ¢the nead

O
§

elevation.

DR. SHERON: == and the elevation. You basically

-

had to push it down so many feet. So here is where the vessel

differences come in. If there's a difference in the number of

feet between the top of the hot leg and where it has to take

the turn, you need a different pump -- develop pump head.

They calculated they could not push that level down

enough %o pump steam up and under and throucgh the core.

Westinghouse could. Therefore, Westinghouse, 1f you lock at
the steam flow through the core, it was about a factor of 10
higher than what you would pred:é£ if you had not depressed

and pumped steam up througn the core.

So Combustion's core cooling was only due to beil=-off,

due to decay heat boil-off steam; whereas, Westinchouse was
basically pumping steam through the core to supplement the
steam produced from the boil-off., So that is one reason why
Wwestinghouse produced adequate core cooling with the pumps

running. And Combustion said: Etven L1f we leave the pumps

ALDERSON REPORTING COMPANY. INC.
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35
running == cokay? They didn't even have to trip the pumps ==
they said: If we just leave them running, we're going to get

in trouble. The reason they got in troudble is because they
couldn't depress the level enough.

Mow we took a hard look at Westinghouse and, as a
matter of fact, I even started doodling arcund with some
elevations from a drawing and I found out that Westinanhouse
made a mistake when they set up their model, and thney missed
the elevation in that lower part. They underestimated it by
a couple of feet, think it was, a foot or two.

We called them up, &and again they did scme arm=

h

waving and some hand calculations and showed us that even i
they put the right elevation irn, the pump-head characteristic

was sufficient to depress the level to pump steam up. SO,

coupled with the fact that they were

or

ripping the pumps early,
we didn't feel at that time it wvas necessary to make them go
back and recalculate everything with the proper elevaticn.

DR. CATTON: How well do they know tiie pump
characteristics?

DR. SHERON: Well, that's a =-- We'wve gor a User
Veed letter to Research ricght now locking for that information.

1

They did present some proprietary data from their -- called

the "EVA tests" winich showed two=-phase characteristic homclogous

curves on a curve-scale test pump.

DR. ACOSTA: This is Westinghouse?

ALDERSON REPORTING COMPANY. INC.
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DR, SHERON: Yes, Westinchouse.

But they showed the flow-regime modeling in tae cold
leg had to be taken into account with respect to pump perfor-
mance. And then we got into some of the Jquestions concerning
a lot of the pump characteristics have to doc with flow at sid
encry versus bottom entry. The entry itself may determine QoW

the flow comes out of the pump. Does 1t just Xind of ride 1in

the lower == if it's a side entry, does it just kind of

n

trickle in on the bottom of the inlet pipe if 1it's horizontal
and trickle out on the bottom? If it is bottom, do you get
the chugaing effect =-- because you suck it up, and then there's
nothing left there to come into the impeller.

So I think the entry conditicns, the geometry, can
nave an effect on this.

DR. ACCSTA: Yes, it wculd.

DR. SHERON: So that is information that we just

on't have right now, I think, to really support the modeling

.

in this area. It's one ¢f the big gquestions,

But those are the three basic differences, as I saw
it, between say Westinghouse and Combustion. 3ut now 1I you
take all three vendors =--

DR. CATTON: Let me see if I got them right, then.
That is the flow modeling in the hot leg; it's the elevation
of the skirt; and it's the pump characteristics. Is that the

three?

ALDERSON REPORTING COMPANY. INC.
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DR. SHERON: I would say it's more the elevation
from the center l.ne of the hcot leg to the bottom of the skire,
and the pump characteristics. And then there may have been
secondary effects just to phase separation mcdeling of +he
various components. Westinghouse nad phase separation in the

cold leg; Combustion didn't =-=- they assumed it's homogeneous.

I think if you look at the vendor mec-dels in whole,

L2 1)
th

the one that was most different was not really different between
Westinghouse and Combusticn, but between 3B&W; basically every-

thing was homogeneous. In other words, 1t was just a mixed-up

system with some average-density £fluid chasing around. They

L]

didn't have any separation other =-- Thev're putting, as
understand, a slip model in right now in order to better
predict the LOFT results.

But then again, they snowed the most conservative
time required to trip the pumps. And then it has to lock and
say: Well, am I looking for a best-estimate calculation? Or
can I accept scmething which at least is shown to be
conservative?

DR. CATTON: Is this why the bypass Irom the downflow
to the upper plenum is so important, because of this level?

DR. SHEROli: Well, Zfor the pumps running case, ves,
that is basically an equalizing effact. Okay? And if you have
to0 big a bypass, you will not get that depression because vou

pasically equalize the pressure. You're not trving to balance

ALDERSON REPORTING COMPANY., INC.
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static heads anymore.
DR. CATTON: Right. Thank you.

DR. ZUDANS: Could you give me scme explanation on

this inteqral mass loss from the system? You showed a slide

DR. SHERON: Yes.

DR. ZUDANS: And vou showed that if the pumps 2re
running, vou continue losing the mass from the system beyond
the point == Well, I am actually referring to this scheme
here (indicating), which is basically the same thing.

DR. SHERON: This 1s basically the same.

DR. ZUDANS: Yes, it is the same except for one
point. What controls the accunmulator injectiocin? And %“.ay 1s

it later in the case of pumps? It should be somehcw related to

(]

mass lost from the system.

DR. SHERON: The system dcuesn't depressurize as fast
witn the pump on.

DR. ZUDANS: Even if it loses mass?

DR. SHERON: What?

DR. ZUDANS: Even if it loses more mass than the
case without the pump?

DR. SHERON: No. The depressurization 1s basically
a volume-controlled process. In other words, 1f you had a

and X amount of

o

container that contained X amount of liqui

steam, and if you said: I remove one cubic foot of steam =--

ALDERSON REPORTING COMPANY. INC.
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let me get it straight =-- one pound 2f steam or one pound of

)

A

e
(o8

liguid, whicn svstem would nave a lower pressura2 1d it's
the one where you remove the one pound of steam. In other
words, you are removing more and more voluvme with the steam.

DR. ZUDANS: Well, but in this case we are looking =--
I see. What you are saying is that if ycu remove more liguid
out, you still retain the wvolume and therefore the pr-ssure
stays up? Right?

DR. SHERON: Yes.

DR. ZUDANS: But if you generate the same amount of
heat in average, looking at the whole system, You have the same
mass of the fluid, then it would appear that you should nave
something like the same pressure in elther case.

What I'm saying, really, on this windcw case,
wouldn't the accumulator injection occur much earlier in the
pumps=-on case than is shown there?

(Dause.)

DR. SHERON: Remember, the accumulators inject at
600 pounds, which is right down here (indicating).

DR. ZUDANS: Right.

DR. SHERO!N: And vou can see that if these trends
continue, this curve here (indicating) would expect to ailt the
accumulator-set point first; and that curve is l-2 with the

pumps off.

What 1s happening i1s that as you pass steam out the

ALDERSON REPORTING COMPANY, INC.
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oreak,

pure

steam

depressurize faster.

accumulator set point is earlier and you recover the

earlier.

between vour cartoon and this case is

consider

L& 1

2

other words, I purposely flattened this

*iseanetl

steam cnm*g out the break.

just to

amplify

ZUDALNS :

the heat balance as

DR. SHERON:
gort of, I

where the

v, to characterize the

I purposely derated.

are you?

DR.

Does

DR. SHERON:

this afternoon.

calculations? If

CATTON:

SHERON:

CATTON:

so,

OR.

rataer

And by depressurizing

ETHERINGTON:

would

differences are,

PLLCSSET

SHERQCIHI:

than a nmixture, vou start to

system

Thank you.

Well, essentially the difference

that in this case you

well as the mass balance.

Well, this cartoon was basically drawn

say, curve == to sort

amplify this

and wny they occur. In

off, very
transition
Whereas, in this case
Or

: You're going to come back to this?

th.s complete your part?

I have a second presentation I

Just one more thing.

Yes, sir?

Does NRC plan

when?

-

Yes, we do, and think Harold will

tell you more about that.
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DR. PLESSET: Why don't we let Harold Sull
come in. I think it will help.

DR. SULLIVAN: It might make 1t worse.

DR. PLESSET: Well, that's a possibility,
(Laughter.)

DR. CATTON: We're here to help, Harold.
DR. SULLIVAN: My name is Harold Sullivan,

am from the QOffice of Researci.

(Slide.)

ivan

cut

and

-

-

I nhave a discussion today on the Research program,

and it is an introduction to some talks that are goi

emiscale.

[#9]

later in the day from both th2 LOFT and

ng to

De

Brian has indicated that the licensinag side asked

us to do some research, and to respcend to that we planned a

two-part program. One was an experimental and the other was

an analysis part.

Licensing and NRC found itself with a need

review some vendor analyses of which there are some di

in the nlants themselves, which Brian has gone tiarough; and

Zfe

also there were differences in how the vendors used thelir

analytical models to model their plants. And because

'h

differences, it was difficult to determine exactly if
analysis was predicting what you would expect to occ

So we formulated this approach. We chose

facilities -- the Semiscale facility and the LOFT fac

ALDERSON REPORTING COMPANY, INC.
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we will be discussing results from each of those experiments

.

tocday.

e also nave initiated an analysis program assessing
the NRC Codes. And !NIRR has requested that the reactor vendors
do an analys.is of L3-6. And Brian also indicated that.

I would like to conclude the talk with some very
general summary conclusions.

(Slide.)

Looking at the pumps-on/pumps-off experiments that
we had planned to do, they were first to provide an
experimental data base for the code assessment. We would

like to understand some of the phenomena that i3 also occcurrin

e

| 5

in those experiments, and particularly the effect of the pumps,

thie core~level swell, the break-flow phenomenon that 3rian alsc
adcdressed, and the two-phase flow conditions in the hot legs.

We also wanted to provide an experimental data base
such that the vendors could perform scme ccde assessment also.

And then, as I indicated, there is a required
proklem.

(Slide.)

We also wan“ed to address the difference in the
scaling that was occurring, and that we were going to run
experiments in both a smaller scale experiment LOFT and a

larger -- I mean, Semiscale, and a larger experiment in LCIT.

The experiments that were planned to be perZormed,
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and we're pursuing those ncw: The LOFT L3~

wn

experiment witl

: & |

the pumps off. That has been completed, and Keith Condie will
be addressing some of the results of that.

The L3=-6 is the next 2xperiment to De completed in
LOFT.

The Semiscale facility has performed both pumps=-off

experiments, pumps-on experiments, and pump-trip at hign void.

Gary Johnsen is going to be rovering those rasults.

(Slide.)

"

Loocking now == Turning to the analysis efforts
which will probably help address Ivan's guestion. The purposc
of initiating this analysis effort was to provide some code
assessment of the NRC Code.

We wanted to have the understanding of the ability
of the analytical models in cur code to address the pnenomenon
that were occurring in the experimental program.

We wanted to further address the issue of scaling

ties; and to allow an

".

between the two experimental facil
evaluaticon of a plant in which we had completed this ccde
assessment process.

DR. PLESSET: GWhen vcou talk about !IRC Ccde assess-
ment, just what do you mean, Harold?

DR. SULLIVAN: The next slide addresses that.

DR. SULLIVAIl: It is not a complete code assessment.

ALDERSON REPORTING COMPANY, INC.
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We call it a "mini-code assessment.” e are trying tCc see how

-

=

well the codes predict the experimental data, particularly for

the pumps=-on/pumps-cff experiments.

The process that we are going tc go through 1is
indicated on this slide, and it is just a summary of that
process. We plan +o0 do prepredicticns and pos‘-test analysis
of the Semiscals facility's results. We would like to look at
the pump degradation. As Brian indicated, that was one of the
areas that lRR had questions about, and we were Jgoing to use
any new experimental data that we have.

And EPRI has run a set of experiments with Combus=-
tion Engineering, and we are going to review that data to
see 1{ it would reguire us to change our degradation mcdel.

We would prepredict the LOFT experiments == poth
LCFT experiments -- and then we would take the Semiscal2 resul
and the LOFT results and compare those to the exgerimental dat

After that process, that would allow us to choose
"a" code in which we would then put forth the analysis of a

plant; but, more importantly, it

o)
.‘
P

-
»
1]

us an audit capability
to address some of the guestions that we might have during th
review of L3=6.

The codes that were to be considered are RELAPY,
RELAPS, and the TRAC code.

DR. CATTON: Harold, I can see what your plan i1s to

ALDERSON REPORTING CCMPANY, INC.
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of -alculations,

(9]
(™
QO
(o}
[
b—
2
N
0]
{t
®
i
W
P
’c
o
.
n

get to a code, thatr ¥y
but I am just frankly surprised that there 1s not a code
existing now that NRC could use to do audit calculations of
their own.

I recall a vear ago at a meeting in Los Argeles

when this same question was ralsed with respect to a different

L3}

problem by David Okrent. don't see any difference between
now and then.

DR. SULLIVAN: I think there is a major difference,
and vou will see some of the calculations that have been done
with RELAP. The RELAPS code has also been used, and you will
see some of the results of tihcse.

The major difference I think is that we have the
capability, and some of those calculations have been perfo.med

not only by the people here, but by Licensing. So it isn't a

Re]

question of "can we perform the calculations?"; it's a question

’

of we wanted to make scme assessment of the capapility of the
codes to predict the phenomena that are occurriag in the
experiments.

e ran the experiments, and ncow -- It was a parallzsl

4

3

process; that we were comparing, or calculating the rasults
and comparing them to the test data. So we are further along
than what I think your gquestion addressed.

DR. CATTON: ilarold is being cautious.

-~

DR. PLESSET: Where will the TRAC runs De made?

ALDERSON REPORTING COMPANY. INC.
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! DR. SULLIVAN: That is a =~
P DR. PLESSET: When you try to do this assessment,
3 | DR. SULLIVA!N: Thatis a guestion that we are

- addressing now. Either Los Alamos is going to make them, Or

§ | INL. I don't think they have decided exactly. Some cf the
6 calculations have been performed by Los Alamos aiready, I
7 | understand, but I am not sure.
8 Does that basically address your guestion?
9 ; DR. CATTON: I think so, ves.
10 f DR. SULLIVAN: You micht want to bring it up after
11 i you see some of the predictions that we have already made.
|
12 | (Slide.)
13 ; In conclusion, there have been six experiments
14 | performed in Semiscale. Brian indicated there were three.
15 He was talking about there are three dasic different experiments.
16 g There is the pumps-on/pumps~-off; and the pump trip at hign wvoid.
17 | Results from that test series will be presented.
18 : The LOFT L3-5 experiment has been completed. The LOFT L3=6
19 experiment is the next scheduled experiment, and it also is a
20 vendor required standard problem, and NRC is going to review
21 | the rasults of the vendor calculations.
22 Ffrom the experiments that we have completed == and
23 this is an error con the slide; it also has scme words left out =--
24 but from the experiments that have been completed, we have
25 completed some of the code assessment work and you will see

ALDERSON REPCRTING COMPANY, INC.
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those. After you see those, if that doesn't address your
gquestions, we will be happy to try. And you will see the resu
of those.

From that, we have concluded that the codes <d» have
the capability of predicting the tvends in the data. You will
see that the magnitudes are slishtly off. So that 1s an area
that we will be addressing.

DR. CATTON: Well, Harold, I have a questicn that's
not directly related, but I keep hearing about this big code
package called "REM" or "RAM," or something ==

DR. SULLIVAN: Yes, "REM."

DR. CATTON: Anéd when you read the descriptiois of
it, it sounds like it 1s the answer tc all cur needs. Why 1is
not something like that used? It's not what it's made ocut to
oe?

DR. SULLIVAN: Well, I don't know what vou've read,
but the =-

DR. CATTON: I have three volumes. I've read the
summaries.

DR. SULLIVAN: Okay. The RE!M package is being

developed at Savannah River. Basically

an Appendix K calculation.

DR. CATTON: So it would just
DR. SULLIVAN So it's mainly
also has the capability of nforming to

it is a code that

is
ve large break.
large break, Bbu
K. We are

Aprendix

e |
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locking at best-estimate calculations. S0 there 1s a dasic
difference.

DR. PLESSET: I thought that this was alsc suppcsed

to be fast running.
DR. SULLIVA} The REM?

DR. PLESSET: Yes.

w

DR. SULLIVAN: Yes.

DR. PLESSET: So that you could run a lot of
calculations without a lot of expense and time.

DR. SULLIVAN: It is relatively fast running.

(Laughter.)

DR. PLESSET: Well, maybe they didn't get it as fast
as they were talking about.

DR. SULLIVAN: The main purpose of presenting that
REM package was to be able to store a calculaticn at the firse,
to initialize, and to run all the way through the calculation
without having to stop. All the data is transferred automati-
cally between codes, and that was the major goal of that.
And also, tc make it a code that wasn't an Appendix == acceptable

-

o Appvendix K.

DR. CATTON: It sounds like the REM code packace is
at least as good as the vendor Appendix K mecdels that they
initially used for this pumps-on/pumps-off assessment.

DR. PLESSET: I don't think so, dut ==

DR. CATTON: Well, it may not be as good, but it 1is

ALDERSON REPORTING COMPANY. INC.
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supposed to be.

DR. PLESSET: I don't think it was intended to be
like that., I thought that these were just suppcsed to De last-
running, and possible to make even surveys =-- oOr, as Harold says,
to run all the way through from beginning £2 end e=asily. But
I don't tnink that they would be useful or suitable for what

-

we are trying to straighten out here. Am I wr

(9]
J

ng
DR. SHERON: The package which yocu're referring to =-=-
which I think is called "WRAP" =-
DR. CATTON: It may be WRAP. It starts with a "W."
DR. SHERON: As Harold said, it basically was set up
to be a user-oriented compilation of the various codes which

w

the Staff would normally utilize to produce an Appendix K audit.

DR. PLESSET: Just to audit the vendors' submissions,
really.

DR. SHERON: Yes, sir. It was for both BWRs, PWRs,
small breaks, and large breaks; but it was supposedly a code
package which will comply with Appendix K, and will also, as
Harold said, allow a user to be able to take a calculation
€rom the start of the event to the full recovery. Whereas,
preriously, one had to run a version of RCLAP to a blowdown,

cne had to do a hand manipulation of data transfer to the

reflood portion, as well as to do adiabatic heatup calculations
during refill, input all that, restar’. the reflood code, get

the hydraulics for the reflood, take that level versus time

ALDERSCON REPCRTING COMPANY. INC.
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plus the decay neat, pu code, and do the

ot
r
I
o
-
o
(r
O
o
0
(ot
-
17
"

heatup calculation. It was a very, very long, time-consuming

process, to the point where Staff just totally lost i1ts ability

present stages, to be something I would want to use to 2redict
say a LOFT or a Semiscale experiment.
DR. PLESSET: It wouldn't help us in this problem
we're interested in, as I understand i1t, this WRAP; right?
DR. SHERON: Right now I think we're trying to

understand the phenomencn, and to go with the best-estimate

’
L}

codes. The industry looked at this with their models. as
said, some of the industrv loocked at it from the standpoint of
Appendix K only == Westinghouse.

DR. CATTON: So there vou could hnave made a
comparison with LOFT predictions.

DR. SHERON: Possibly, but I don't think YRAP was
up and werking about a year ago.

DR. CATTON: ©Oh, okay.

DR. SHERON: Now Combustion came in with both best-

estimate and evaluation model, and they showed a difference,

what the difference means.

b
f
()
W
-
b
u
=

The B&aW did not even do what we wou
Appendix K calculation; they did a guasi-Appendix K.

DR. CATTON: So thev weren't even up to Appendix K

ALDERSON REPORTING COMPANY, INC.
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words, they ran thelr CRAC

type of assumptions on heat
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calculatlion.
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As I said before, what
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they did

quick~ .nd=dirty hand calculations, and th

which were, as they described, on

that

not bother to turn around

calculations based cn the nydraulic predic
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presentation?
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DR. SULLIVAN: Yes.

DR.

PLESSET: Yes?

DR. CATTON: I think what I wou

near would be scme sort of a presentation

in detail just tneir audit capabil

they do these things? This 1s a question

vith this subcommittee, and the answer 13
o S R B
DR. SHERON: Coula I propcse ==
- AT T . ' -
DR. CATTON: I won't pursue tal
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DR. SHERON:

from our section has put together

wihich spells
capabilities
subcomnittee

exactly what

B

the technical

this vear.

DR. PLESSET: Right.

Jack Gutman(?)
memorandum

out what he believes

within the ncow Reactor

would also like to propcose

U

.

meeting topic we could come down and tell you

capabilities we nave, and what are planned through

assistance programs which have been set up for
-

11 . L
Actually, we &

thinking about == and this could be added to our

regarding codes and code assessments in the progr

think that is

il i aian
~ ALO. :

Good.

PLESSET: == because there are

distinct efforts in code develcpment and code

how thev £fit

together, what the

in coping with all of this and using it

o that in another subccmmittee

r

-

repari

am glad to hear that Brian somebody in

this kind of thi that right

DR.

DR. CATTOMN:

Hir AP
reliminary paper?

ALDERSON REPORTING COMPANY, INC.
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DR. SPERON: Yes. I was going tO0 suggest that I

will send you a copy of what Jack prepared.

DR. CATTON: Okay.

DR. SHERON: It's rot much, but it jJust pcints out ==

DR. SHERON: It points out what plant techs are

ans

(=

available to the Sta’ff right now. Ané like I said, the 2

are for about the next year or so, through technical assistance

contracts at the various laboratories, our intent is as a first
step to get a plant tech set up for pasically every plant typ
that exists. For example, a Westinghouse four-loop, three-
loop, two-locop plant; a BaW raised loop, a B&W lowerec loop:
BWRs =-- three, four, and five, I think =-- and Combustion. And
then we intend to take it a step further and try and almest
have a plant tech available for every operating reactor in th
~ountry. It's a rather large undertaking, but we feel it 1is
necessary as a longer term effort.

There is also a question of: Are we just setting
up decks to do an audit calculation Zor Appendix X? Cr are we
really trying to understand the plant benhavicor and differences?

DR. CATTOM: I would hcope it's plant benavior.

DR. SHERON: Yes, it is., e are trving to set up
best-estimate codes, as opposed to all licensing tvoers.

DR. PLESSET: Well, thank vou, Harold and 3rian.

T think we will take a short break at this point, a five=-minute

ALDERSON REPORTING COMPANY. INC.
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poe

break. It isn't on the schedule, but we ran a 1
anyway.

(Brief recess.)

DR. PLESSET: Let's reconvene.

We are, not surprisingly, a little bit benind
schedule, but let's go to the next important item on the
agenda, which is "Coordination of Semiscals and LOFT Test

Results, Pumps-on and Pumps-of£,"” and !Mr. Leach will make the

J

nresentation for us, I believe

-

~

MR. LEACH: Yes. Larry Leach from EG&G, Idaho.
I will try to get us back on schedule. I will talk about our
tentative plans tc close out the issue on analysis of both the

Semiscale and LOFT test results, and analysis of PWR. It is

really going into a little more detail than what Harold

-

described in g2neral in the overall plan.
(Slide.)

At this point, the prepredictions of all the Semi-

IS

scale tests have been made with the RELAP4/MOD7 code. The

the LOFT test has teen macde with the

(98]
|
ut

ke

0
Al
1)
a
"
1y
L
’.L
0O
ot
3
O
e |
O
(51

RELAPS code. And we have post-test analyses of the Semiscale
test also with the RELAPS code.

DR. PLESSET: And they were dcne nere?

MR. LEACH: That is correct.

Incidentally, there i3 alsc a pretest calculation

+ 9

with +he TRAC code of the L3-5 test, and there will be one of

ALDERSON REPORTING COMPANY, INC.
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the L3-6 test performed at Lascile (phonetic). I'm not sure
about any of the Semiscale tests, 1f we have a TRAC calcula-
tion; Mr. Johnsen can probably answer thact.

DR. CATTOM: I would think that we should have, to
make the story complete.

MR. LEACH: That is correct. The overall objective
is basically to have a bakeoff; to have a set of calculations

with RELAP4/MOD7, RELAPS, and TRAC, on the r

]

presentative group
of the experiments, if not all; then =ay: Okay, which is Dbest?

v 11
Willdl

And then go on and do the PWR calculations

describe with that "best code.”

to resolve the specific mcdeling issues raised in NURLG=0623.
These are issues such as the stratification or the bubble-rise
gquestion.

Based on resolving those issues, then we w 12d put
together an cptimum model for the PWR based on Semiscale and
LOFT test/analysis results. That would say: Okay, the cold
leg should be modeled as a stratified model, so we will use

: 1

that then in the calculation of Semiscale, LOIT, and the PWR.

w

Then, to evalaate that model by comparison to the

emiscale and LOFT tests =-- and this is essentially the mini-

ui

code assessment that Harold discussed.

And then finally, with that evaluated model to

J
n

predict the behavior in a PWR to assist in the evaluation

ALDERSON REPORTING COMPANY. INC.
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N

the calculations performed by the vendors themcelves.
(Slide.)
The optimum model calculations would be performed

on, of course, the Semiscale tests, pumps=-cn/purps=-off, hot

leg and cold leg break; and on the LOFT tests, pumps=-oOn,/pumps<

h

of

Apparently we have identified kind of a minimum

w

et of analyses tha+t we would perform on one PWR type. That

s, looking at the hot-leg and cold-leg break types; the

I

guestion of the pumps=on or pumps=-0£f£; and four different
break sizes. We didn't mention that this morning, but there
was some difference in the break size that led to this

n the different vendor calculations.

3
(o)
0
£
o

critical win
tlow with a factorial appreoach to 20ing these
calculations, that would lead to 16 analyses. lilow thls is
not, of course, a complete analysis set of all the questions
—

vo'ls can ask on the pumps-on/;umps-off issue. The vendor

~alculations have to resclve that.

(Slide.)
Some of the things that weculd not Dbe addressed DV
+nis set a-2 the ECC location relative to fthe break. lNow we

3iscussed this morning == and ycu will see scme more about the
affact of CCC subcocling on the break. In the Semiscale test,

- N T in

into the piping. In the LOFT test, tie

1]
nb

the ECC was 1injecte

-

ECC was injected into the downcomer. So there is not a

ALDERSON REPORTING COMPANY., INC.
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subcooling effect in the ECC there.
Of course in a PWR, you can have the break either

upstream or downstream of the ECC location, and whether the pump

is running or not you may Or may not get the subcooling

effect. One could do a whole spect-um of calculations on that.
The second is the guestion of the break location

around the pipe, particularly with the pumn’s off.

ignificant difference whether the break is on the top of the

[

cipe, the side of the pipe, or the bottom of the zipe.
In the Semiscale and LOFT tests, the break 1s

physically located on the side of the pipe for two reasons.

One is because it was structurally more convenient

ir
O
s
=
s
-
(r

there; the other is because i1t i1s more probably thact,

L2l
b |

particularly for a break in the cold-leg pipe, that i1t would

happen above the center line of the pige because that's where

most of the nozzles are.

DR. PLESSET: Well, Larry, could I ask you a

o2
(=
®
u
ir
P
O
= |

L]

about this -- I guess it was on the previous slide.
little slow in catching up with vou,.

That smallest break, do you get depressurization
that smallest break?

MR. LCACH: That's the one that would have a ver

long pressure plateau.

4
(r
L
.4
.
b
r
)
D
+9)
’ -
¢

n
(o]
-
3

@
a1
3
=
Q
-
h
Q
L |
]

DR. PLESSET:

long time? Is that it?

ALDERSON REPORTING COMPANY. INC.



DC 20021 (202) 654 2345

WASHINGTON,

CREPORTERS BUTLDING,

SwW

SO0 TEH STHERT,

10

11

12

13

14

15

16

17

19

20

2]

22

23

24

25

(9]
20

iIR. LEACH: It would fall relatively, you know.
within 10 or 20 minutes, down to the secondary side saturation
pressure, ana then be on a long plateau.

DR. PLESSET: Well, I was trving to make a distinc-
tion in my mind. It's really not kind of a "leak

MR, LEACH: That's correct.

DR. PLESSET: Okay.
: MR. LEACH: I think it's about a cne=inch break 1in

the PWR that the HPI can keep up to.

! DR. PLESSET: UWell, that would be Xind of like a

leak; but these are reallvy breaks -- very small breaks, on up

MR. LEACH: Of course, with the set of analyses

shown we are not dealing with the design differences detween

pe evaluated, and we are geoing to leok further intc this
based on the outcome of today's meeting.

Fourth, the explicit treatment of the intermediate
pump trip. Our intent is to do calculations with the pumps ¢
throuchout, and the pumps off throuchout, and generate the xind

map that Brian showed you which will tell you where ycu wou

-

(8 1)
M-

Q
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59
get in trouble and, based on that, make an estimation of which
is safex.

Finally, the alternative ECC system availabilicty
is included in here. That is, the guestion of whether you have

one HPIS pumps, or two HPIS pumps.

or getting through

"

The most optimistic schedule
this effort is shown here. It is keyed to two things, re~lly.
It is keved to the LOFT Test L3-6, which I show as December l:
Brian pointed out that December 3rd is really our earliest
allowable date on that. That is within the accuracy of my
dates.

And, the release of the RELAPS/MCDl computer ccode,
which is scneduled for the 17th of November. Now 1n practice,
the calculations we have been doing with RELAPS on both LOT
and Semiscale are with a version very close to this version

+

that will be released, but not exactly the same. It 1s our

intent to repeat these calculations with the released version

However, since it is with a very close version of

tne code, we feel we have a big leg up on evaluating what are

w
oF
O
[ =
.A
(L
U
@®
W
U
} -
@

the correct mcdeling assumptions and therefore
=0 make the evaluation within about &three weeks after the
LOFT L3-6 test, of wnat are the best chioilces to use.

Then we would repeat the Semiscale and LCFT

ALDERSON REPORTING COMPANY, INC.
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calculaticns with this optimum code.

Then, based on the results o

'

'™
O
< 3

the bakeoff con wn
code 1s best =-- RELAPS, RELAP4, MOD7, or TRAC =-- we would
completa the PWR calculations illustrated. And that wouléd be
arcund lMav of this year, the earliest t-hat we could complete
that. At that time, we would have the information on which
to base the evaluation == or on which NRR can base tnhe
evaluation. Of course it would take a few months after that
for the report.

I taought it would be worthawhile to have this up
front before we went into the comparisons on LOFT and Semiscale
of the analysis in order to answer some inevitable guestions.

Are there any questicns on this that we should

Ln}

DR. PLESSET: don't have a question on this,

(]
(r

Larry. was very clear. Quite unrelated, is there a BWR

(BN

version RELAPS?

O

HMR. NOPRPTH: Yo.
DR. PLESSET: Would you identify vourself, please?
MR. NORTH: Paul YNorth, EG&G. There have teen ones

done by private companies on 3WR modifications to RELAPS. And

while these are not available £o us 1n hands, we are aware

O
m
t
b
(1
P
r
o
3
’4
w
(t
(©
o
9
D

and I believe they could be made available
to NRC or scmebody if they shcoculd want them.

DR. PLESSET: Well, I heard apbout tiat orivate

ALDERSON REPORTING COMPANY. INC.
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develcpment that you mentiocned, and I wondered 1f you are cci
to have your own RELAPS version for a 3WR ac scme time.

MR. NORTH: It is not currently funded as a direct
development, I believe.

MR. LEACH: That is »rrect, but it is our long-
range desire to have that.

DR. PLESSET: Brian, why don't 7ou give them the
money?

(Laughter.)

MR. NCRTH: Thank vou.

(Laughter.)

DR. SHEROMN: I would point cut that RELAPS is a

code
anAd

derelopment

prediction pulled from these

develop LOCA models -- small-break,

that has Ceen

Semiscale

funded I believe entirel: the LOMT

programs. It is not in the mainline ccde
of Research. In other words, it is more of a

twWo experiments.

le do have a program set up at Brookhaven

-break, and

.
Larg
-

transient -- for the BWRS pest-estimate codes. I'm not sure
right now on the availability of RELAPS for this. We ar2, I

Is the coce

And there 1

- 8
cation. i

for RELAP4/MOD7. Acgain, it is a master

T
g

availaple?

'

ALDERSON REPORTING COMPANY. INC.
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don't know 1f there has been a lot done in, sav,
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1 MR. LEACH: 1 think we have macde one run with

|
- RELAFS. We are of course here developing the BWR modifications
3 for the TRAC computer code.
4 DR. PLESSET: I was aware of that, Larry, ves. I
5 | was just specifically directed toward a RELAPS version. I knew
6 vou were working on the TRAC BWR version.

Well, I was just going to raise a question: Does
3 : anybody read the ACRS Safety Budget Reviews?
9 MR. LEACH: We do.
10 | (Laughter.)
oy DR. PLESSET: I wonder if it has any effect on
:
12 | anybody?
13 DR. SULLIVAN: Yes.
14 DR. PLESSET: That is nice to hear, but were you
15 going to say something else, llarold?
16 (Laughter.)
17 DR. SULLIVAN: I assume you are addressing the

18 comments on the RELAPS program?

20 DR

. SULLIVAN: We are looking at increasing tne

21 funding that we are putting into that program. Our plans are

2 right now to leave it at looking at PWR analysis. Research 1s

Q

23 also, as vou noted, working on the TRAC 3WR code and we acpe

24

-

that that will be our analysis for BUiRs. Ve would like to wait

25 to make a final decision on that effort.

ALCERSON REPORTING COMPANY, INC.
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DR. PLESSET: Spocken like a statesman.
(Laughter.)

ODR. CATTON: 1Isn't there a =--

(V)
3]
QO
' -
fu

DR. PLESSET: That's not a compliment, :

(Laughter.)

DR. CATTON: Aren't there
DR. SULLIVAN: There always are, right?

DR. CATTON: That's correct.

“.
1]

DR. PLESSET: Okay. Well, thank you, Larry.
appreciate vour nhelping us with our schedule.

(Slide.)

MR. JOHNSEN: Good morning. My name 1is Gary
Johnsen, and I am the Manager of the Analysis Branch within tnhe
Semiscale Program. This mornina I would like to review Ior you
the results >f experiments conducted in the Semiscale facility
to examine this Juestion of what is the effect of primary
coolant pump operatiocn on system thermalhydraulics during a

small break.

We heard this morning abcut the technical issues

Lin )

palance of my presentation == I will try to adnere to this

outline here ==

il =
Slide.)
First, by describing what were the specific

objectives for our experiments, and how did we design the test

ALDERSON REPORTING COMPANY, INC.
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to meet those objectives.
Secondly, to loock strictly at the test results

pag |

themselves, and what 1s the interpretation of the results tha

-

we obtained in the facility.

1
&
m

Then, to move on to the guestion 2f how well

codes did -- specifically, the RELAP4,/MOD7 code -=- in

predicting what would happen in the Semiscale facility,

v
o
L

what we learned from that.
And finally, to draw some conclusions relative tO
this series ©of experiments.

(Slicde.)

Now as has been mentioned earlier by Brian and
Harold, the issues bearing on this guestion are fairly suscinc

o

-~
~

lve nere was

(t

contained in NUREG=-0623. Our specific objec

(]

conduct experiments that locked specifically at the guesticn
what was the effect of running versus trizping the primary
cooclant pumps during a small break.

Specifically, two subquestions were: What is

(ot
[

"

the effect on primary cooclant inventory? And what is the effect

on the distribution of the zsoolant within the system caused by

the difference in tripping or running the pumps?

- '

In running these experiments, the

e

, we would be
nroviding relevant inteqral system data which we could tahen

¥
-

hich to model a

by

use to determine what is the best way iIn

svstem so that we can predict eventually in a PWR what 1s the

'3
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effect of running versus tripping

tests in

and three hot-leg

on the svstem.

area of th

diameter odreak,

three different pump-operation scenarios.

)
e

or atc

the pumps

which we tripped

transient == a point

the Semiscale

beginning of the transient, in effect.

(o2}
w

-
-—d

pumps .
(Slice.)

Now as Harold mentioned esarlier, we conducted seven

facility: Three cold-leg bDreak tests

oreak tests.

All of the tests imposed a 2.5 percent dDreak size
By this, we mean 2.5 percent of the total flow
e cold-leg pipe. This is equivalent to a 4-inch
if you will, in the side of the FWR pipe.
Mow for each of the two break locations, we imposed

tripped at scram

We allowed

tc run continuocusly. And we also ran a case in
the pump at an intermediate pcin -he

at which we had predicted that we would

be a maximum void fraction in the system.

How I will be concentrating throughout the remainder
of the discussion this morning on the tests which called for
the pumps to be tripped early versus running continuously.

DR. PLESSET: Would you, to just help some of us,
translate this 4-inch diameter hole to the Semiscale size and
to the LOFT size?

MR. JOHNSEN: In the case of Semiscale, this
represents °n ~rifice a diameter of 1/10th of an inch.

ALDERSON REPORTING COMPANY. INC.
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DR. CATTON: 2.54.
DR. PLESSET: No, no, it's not guite a tenth of an

ineh.,

DR. PLESSET: But it isn't. I think it's 2.79.

MR. JOHNSEN: I+ was .1ll10 inches that I can recollect.

MR. JOHNSEN: .110 is my recollection.
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geometric and mass flow, and other factors?

w
'.J
“
-J

-

PLESSET: I recollect 2.

ZUDANS: That would be apprroximately right.

MATHIS: 1Is that the equivalent of a 4-inch

JOHNSEN: On a scaled basis, that's ecguivale

-inch diameter hole.

PLESSET: 1It's pretty close to 2.8 millimeters

WU: May I pursue, also, this? The scaling 1

-

0O
W
wn
1)
(e
rn
O
L5 ]
Ww
fu
~

JOHNSENl: Scaling is -= 1n the

(r
by
(]
W
"
(1]
'
O
rn
(r
=
(2
"
M
v
3
(r
O
T
b
©
(r
O
1
fw
¥
(&
"
.‘
3
)
a1
)
O
O
]
fu
e |
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system MOD, so that ratio will be the same.

DR. PLESSET: You preserve area to volume ratio

DR. CATTON: On geometrically scaled.

DR. PLESSET: Yes.

DR, WU: Geometrically?

DR. PLESSET: Yes. I am sure that they had thou
of the guestion of whether this gets down to a size where o
effects could come in.

DR. WU: Yes,

DR. PLESSET: At 2.8 nillimeters, it is a fairi,
small hole. YNow LOFT, it's much bigger.

MR. JOHNSEM: %Yes. This question was considered
prior tc running these experiments.

DR, PLESSET: Yes. 0Okay, I just wanted them to
+hat you had done that.
MR, JOHNSEN: Yes, we had. In fact, we had done
ome calibration of these orifices prior to running these

experiments to see 1f we noted any

that are

Did y&i

slightly cover

larger

than that. We did not.

U Want the LOPT sizes? I think that was
6/10ths of an inch in diameter.
MODRA: 16.19 millimeters.

What was that number?

9 millimeters.

}.-
(& 2
.

.4
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that some of

numbers.

'a%
B
ta
o
o
0
3
t1
D%

DR. PLESSE

3

t

MR. JOHNSEM:
that another ground rule

that we did not allow

we provided a more unamb

inventory of the p»rimary
of these experiments was

Hlowever,

the committ

high=-pressure injectior

N
(€9

6.19 millimeters.
It is also I think important to note ==
Did vou get thcse numbers? I think
ee members might be interested in those
Yes, sir.
Thank you.
I think it is also impcrtant to note
in conducting these e:xperiments was
v accumulator injection. By doing so,
iguous means of determining wnat ti

coolant was So in none

accumulator injection included.

[

was simulated o

the extent that one of the two trains was operable.

(Slide.)

Now the actual configuration of the break is shown
here on this slide in which we are lcoking at the break that
is inserted in the system. As vyou will note, the Dreak 1is
physically located on the side cof the pipe. It is ia fact at
the same e.evation as the center line cf the pipe, and 1t i3
communicative 1in nature.

This particular diagram shows where it sits for a
cold-leg break, which is between the pump and the vessel. The
hot=-leg break would be located between the vessel and the stean
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genw.vator in-leg.

-

Now in all of these experiments, what we did was

to direct the break flow to a condensing and catch=-tank system
so that we would have a very accurate determination of the
coolant that had left the system from start to finish of ths

experiment. This measurement then could be corroborated

against other measurement technigques t0 infer what the transient

cooling inventory was.
I would like now to turn %o ==

MR. ETHERI.LGTON: How does a divergent nozzle like

4
)

sorrelatz with a random type of “Hreak?

§
.
I’
't

(Laugnhter.)

MR. JOHNSEN: How randcom?

MR. ETHERINGTON: You specify theé break. What does
this correspond with?

airly sharp-edged orifice

rm

MR. JOHNSCN: This ‘s a

i

hat is, the entrance is fairly sharp. The L over D of this

orifice is fairly close to what was used in LOFT and, in turn,
is supposed to be fairly close to what the L over D would be
if a prisary coolant system pipe had broken. That is, the

area was equivalent to this area and the path length to the

outside environment, taking thcose dimensions vou would get th

Now whether in fact that is a desirable situation

some speculation.

o
i
.

%
(
O
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1 DR. PLESSET: So there's some pipe-thickness effect
2 into it, as I understand. Is that correct?
3 MR. JOHNSEM: That's what I'm trving to imply.
- DR. PLESSET: He's trying to get some of that into
5 | it somehow.
6 ' MR. ETHERINGTOM: There's a control parallel secticn
7 in this crecss-section, is there?
8 MR. JOHNSEN: I guess I don't understand your
9 | Qquestion.

|
10 MR. ETHERINGTON: Well, the cone doesn't go rignt

|
n to the surface. Presumably there's a =--

|
12 MR. JOHNSEN: Ch, that's correct. Thers is a

i
13 1| straicht section prior to the expansion.
14 DR. CATTON: You're really doing this in =wo parts,
15 then. You ve put an orifice into the side of that pipe where
16 vou're going to know the mass flow. Correct?
17 MR. JOHNSEN: Well, in fact in these experiments
18 an accurate transient mass flcw was not cbtained.
19 DR. CATTON: Oh, I thoucht vou made the Zflow ==
20 MR, JOHNSEN: Yes, but that really only gave us an
2] end point, as opposed to a good transient to measure 1it,
22 DR. CATTON: Okav, but in aay event, this a nice =--
23 relatively clean. You couléd, in ar :ner step, relate various
24 xinds of breaks to mass flow and tie *~he whole thing together
25 for your analysis.
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MR. JOHNSEN: Yes; that's correct.
(Slide.)

Okay, I would like now to turn to an examination O£

r]
'™
Ui

what happened in the cold-leg break experiments, Iirst.
slide shows a compariscon of the ccclant inventory in the pumps-
on case versus the pumps-off case.

Now the dotted line rep:esents the results when
the pumps were operational; whereas, the solid line represents
the case where the pumps tripped early. You can see that the
transient ipsventory was actually lower as the pumps tripped
early versus with the pumps running. The difference in the
minimum points of coolant inventory in these two experiments
is not really very substantial; it only amounts to about
2 percent in the difference between the two values.
£ a difference

However, if one relates that sort

)
O

guite signiliican
1 Y

to a change in the vessel inventory, it can b

®

in terms of either uncovering or not uncovering the core =-- and
I want to make that point fairly clear.
DR. ZUDANS: How did you get this .ystem mass you

ust stated? A minute ago you stated you only got an end poin

L

MR, JOHNSEN: These are the other measurements 1
alluded to earlier that were indeed corroborated against the

2nd point measurements.

dow the way in which these traces were procuczd was
by using our Delta T measurements from which we can infer the

ALDERSON REPORTING COMPANY. INC.
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level in the system, in various parts of the system, taken
together with our gamma densitometers which give us discrete
axial indications of fluid densitv. Those two types of
measurements throughout the system combined were used to arrive
at these curves,

Now when the process oy which we use those measure~

1]
(o}

ments was completed, we then compared the end points to the
catch-tank values and found cut they were in excellent
agreement.

s

DR. 2UDANS: So this was calibra =d acainst the ena

MR. JOHMSEN: Yes. The end points were not used =--
DR. ZUDANS: I understand.

MR, JOHNSEN: == to arrive at these ==

DR. 2UDANS: It just worked cut to be ckay.

MR. JOHNSEN: Right.

Now the reason for the fact that with the pumps

tripped the ccolant inventory reached a lower value we ZIound

n

was directly attributable to the differences in break Jlow ==
(Slide.)
-=- which are compared »n this slide here. Again, the solid
line is the break flow with the pumps off, and the dotted lines
are with the pumps running.
Mow referring back to what I nad said earlier about

the transient mass flow measurement, it i3 true that we don't

ALDERSON REPORTING COMPANY, INC.
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have a tremendous amount of confidence in +tne transient measur==-

¥

-
acc

ment which is made downstream of the pbreak, and that 1s 1in
what was used to vield this comparison here. However,
qualitatively we feel it is a good measurement.

1

llow we can see here that in the early part of the

transient, up to abcut 2C0 or 250 seconds, that

e )

e pumps

"

ripped early there 1is a higher mass flow rate than with the

umps running. After that point in time, there is a slight

g8

difference in the opposite direction which ties into what

S3rian Sheron said earlier this morning: That their calculations

have shown that there would be a cross-over point in inventory.
In fact, the cross-over did not occur in Semiscale, but there

was indeed a cross-over in the discharge to the broak.

low early in the transient, the reason for the

n

L

e

LA

erence in these two break flows can be pinpointed to the

"

-
-

2]

act that in the vicinity of the break, the fluid is much more

ot

subcoocled in the pumps~-off calculation than it 1s in the

pumps-running calculation =-- when I say "calculation,” mean
"test," "experiment."

(Slide.)

Here is a comparison of the degree of subccc’ ing

right in the vicinity of the break for those two experiments.

Ll

Again, the solid line is with the pumps off. One can see tha®

the fluid tends to take on a higher degree2 of subcooling during

"
&)
"
1
]
S
(2]
-
O
£
b
=
(r
o3
1]

O
L2 1)

the same period time that wve see a graate
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pumps-off case than it does in the pumps=-on case. In

pumps-on case, the fluid reaches saturation fairly guick

because of the homogenizing effect of the pump's operation.

Where the pumps are tripped off, we see the subcocling
vicinity of the break Zor two principal reasons:

1

: ) .
airly close to the injec

n

One is that it is
h-pressure injection system, and the
that we see here is in part a consequence of the liguili

from the ECC injection and pcocling in the wvicinity of

()

in

'ad

(o}

comli

the

O
O
O
'J
’4
e}

g

.

the break.

Secondly, what haprens when we trip tne pumps off

earlier is that we tend to stagnate the £luid that sit

steam generator, especially the downside of the stean
tubes, and the fluid beccmes more cooled for a period
when the temperature differential is in that direction

would otherwise occur when the pumps are running.

So for those twec basic reasons, we see a grea

amount o0f subcooling near the break, which leads to a
break flow and a greater mass depletion when the pumps

tripped early.

DR. CATTOM: Could vou go through the 3econd,

the steam generator?

again,

“MR. JOHNSEN: The second was that when we tripped

the pumps early, the fluid tends to stagnate in the syst

as opposed to causing it to flow. The only inducement

£low essentially is the train behavior, and of covrse
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that the fluid is seeking itself towards the break.

generator tubes,

or
o
1
w
r
12
w
2]

Now on the dowun side of

S cooled to a greater

P

the water that is sitting in there

w
b

extent when the fluid is sitting in the stagnant situation

than opposed to when it is flowing through when the pump 15

()

running. Its residence time is longer, in effec

DR. CATTON: Okay.

-
-

O

MR. JOHNSEN: And that is what contributes t

DR. CATTON: You need the Delta T to der.ve whatever
circulation is there.
DR. PLESSET: Do you have any temperature measure-

some points in the core that would give ycu a dif-

=
(19
a
t
w
o
ot

fersnce in temperature for the two cases ~- for example, 1in
the pericd say from 50 to 100 seconds? Do you have any
temperature measurements?

MR. JOHNSEM: I don't have the slide readily

-

I can tell you =--

&)
'74
®
o
[~
ot

availal

DR, P .ESSET: Qualitatively.

MR, JOHNSEM: I can tell you that in both tests Zor
the period of time that you cited, the core temperatures
followed the saturation temperature associated with the
pressure that the system was at. In other words, where there
was no core uncovery in that period that you mentioned detween

350 anéd 20 seconds.
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DR. PLESSET: My point was directed toward seeinc

P
"
~
o]
[ o
O
O
[t
'»—4
(o9
o
o
1]
1Y
"
<
o
o
t -,
O
4
[1/]
"
1
1
3
O
1]
"
V]
t
§a
A
L
]
(r
o
1]
9]
O
2]
1]
F3
b
(r
*
(r
o |
1]

pumps running versus with the pumps off.
MR. JOHNSEN: The only reason there is in fact a
temperature difference at all between the pumps-on and the

£ case in the case of the core is by virtue of the

r

pumps=0

fact that the saturation pressure was different. The coclabil

of the core was not different at all to an extent.

"
®

DR. PLESS

t1

~
-

9]

in temperatures?
MR. JOHNSEN: No. None whatscever. In both cases

the decay heat was being adequately removed in that period of

DR. PLESSET

Well, but that's a little different
from saving that the temperatures are the same.

MR. JOHNSEW: True. But in fact the

(r

emperatures

T e

-

So you wouldn't expect much difference

were very close together and were virtually the same. The only

difference being that in the pumps-cn case the saturation ==

1ould say, the depressurization was slower, which indeed

(R
W
e

agrees with what Brian said earlier, and consequently the
saturation temperature was somewhat higher than it was in the

pumps-off case.

or

DR. PLESSET: I think B8rian wanted to nake a comment.

DR. SHERON: I would just point out that because

ALDERSON REPCRTING COMPANY. INC.
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70u are at a low pressure, the saturation temperature is much
lower in terms of the clad, let's say. Even though you may say
one 1s warmer than the other, you are well below where the fuel
was operating during the steady-state Lecause the saturation

temperature is down. If you're down around 1100 psi, vour

-

saturation temperature 1s somewhere around 500 or something,
ign't ie?
MR. JOHNSEN: Yes.

DR. SHERON: The clad i

w

normally running up around,
if you have a hot-leg temperature up around 600, you can be
sure the ~lad is probably running up closer to 7 during normal
operation; and during these cconditions when the core is covered
and you're down in pressure with verv lcw heat generation rates,
the clad may be running at, I would sav, less than 6J0.

DR. PLESSET: In any case.

DR. SHERON: 1In any case, right. So you still are

below where you were at steady-state.

&
1

-

course. I understood that.

(2]

DR. PI

SSET: ©Oh, o

8ut I was just wondering if there was any difference 1

o )
T

-he
neat transfer when you had the pumps running versus when you
didn't; that vou might have a little better heat abscrption

from the clad with the pumps running.

MR. JOHNSENM: 1In that period of time, the nuclear
boiling ==
DR. PLESSET: 1It's very effective, in any case.
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MR. JOHNSEM: It's very effective in any case.
DR. PLESSET: I thnink that's really the thing I
wanted to hear.

DR. ZUDAMS: On thi. figure, at what time did HPI

come on?
|
: MR. JOHNSEN: At abouvt 50 seconds.
DR. ZUDANS: So this subccoling could be ==
MR. JOHNSEM: In both cases.
DR. ZUDANS: So the subcooling could be entirely due
.‘
| to that.

MR. JOHNSEN: If one does a simple hand calculacion
and then tries to attribute the total degree of subccoling to
the injection of ECCs, one fails. So that is not the only
contributing factor.

The analysis that we went through quite clearly
showed that the steam generator heat traanasfer I mentioned a
minute ago was also a contributing factor.

DR. PLESSET: Did you want to ==

DR. ACOSTA: Would vou go back to your previous
slide of mass flow rate against time? What is haprening cut
around 300 seconds or 400 seconds? 'ould vou describe what 1s
happening there?

MR. JOHNSEN: Yes. Of course the dotted line there
is the pumps-running case, and indeed you see a jeneral aigher

mass flow rate if the pump is running. MNow the reason for

A .DERSON REPORTING COMPANY, INC.
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these spikes that you see here is that the pump was exhibiting
a slugging behavior during this period of time. This 15 a
behavior that Brian Sheron alluded to earlier that we noticed

in Semiscale, and it appeared :o be the consequence of the Zfact

that the pump would serd a slug of coolant down the cold leg
when a sufficient amount of liquid had collected in the pump

had taken place, th

’_4
(17
)
B
’l
e
«Q
'O
r()

suction trap. Once that c¢
would then just be pushing steam essentially. And then thils

cycle woild repeat itself for some pericd of time. Each tim

-

the slug of liguid was in fact pushed down the cold-leg pipe by
the pump, the break flow would increase for that duration.

DR. PLESSET: Do these pumps do this indefinitely,
Dr. Acosta?

R. ACOSTA: ‘ell, if they're designed for it; but

O

I don't think they are. Do they happen in full scale? Does

e |

phenomenon happen in full scale?

ir
N
.4
w

!IR. JOHNSEN: I don't RKnow.

DR. ACOSTA: We'we se2n no =-=- in all the traces we've
seen this morning of similar pressure time histories, we haven't
seen anvthing like this.

MR. JOHNSEN: I can't answer vou

-

a1

i3
Juestion. nowever,

L
]

L]

don't know how many of you are familiar with Dr. Griffith
little benchtop model ==

DR. ACOSTA: I'm not.

L9
o
r
O
(a0

MR. JOHNSEYM: == which e has constructed
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olexiglass, and which shows the same basic benhavior as we

U

noted in the Semiscale.
DR. CATTON: A rather small diameter.
MR, JCHNSEN: That's very small =-- a very tiny

ng) .

.‘

system ~-- mavbe no bigger than that (indicat

Ncw we see that behavior in that system, and we
see it in Semiscale. I would say that if we saw it in the
LOFT, then my predeliction would be to say that it probaktl;
does ocgur ¢t ful. 3cale; because if we have those polnts ©O
connect there, I think I could be pretty safe in making that
assumption. But I can't answer the guestion.

MR, LEACH: Gary Leach. I think it might be worth

emphasizing

(t

nat the Semiscale pump has been tested in steady=-

state two-phase [low. For the conditions under which 1t was

(r

-
(A1)

slugging here in the test, did not show that type ©

benavior in the separate-effects test. And indeed, while it

w

was operating here, pumping with the nead degradation, 1t was

LR

uite different than we cbserved in the separate-effects test.

el

So I woulé be very cautious akbout relating what you
see in the separate-effects two-nhase flow test to what might
happen in the system, if it is truly a system affect that is
causing ¢this behavior.

think that 1s a good peoint to

L]

DR. PLESSET:

rememnber.

n
th
®
O
(t

DR. ACOSTA: It probapbly is a svstem e
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DR. PLESSET: Yes,
DR. SHERON: Gary, is the pump

bottom=entry or a side-entry pump?

MR. JOHNSE!l!: A botuom=entry pump.

-

DR. SHERONM: That == It's just

part, but that may be very significant; Dbecause

you could have sort of a continuous layer
feeding this pump; whereas, i1n the bottom

up this loop seal basically until you can

and then it cleans it out and then you have<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>