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PUBLIC NOTICE BY TEE
UNITED STATES NTCLEAR REGULATORY COMMISSION'S

ADVISORY COMMITTEZ ON REACTOR SAFEGUARDS
. TUESDAY, 19 JUNE 1979

The contents of this stenogréphic transcript of the
proceedings’of the United States Nuclear Regulatory
Commission's Advisory Cormittee on Reactor Safeguards (ACRS),
as reported herein, is an uncorrected reccrd cf the di. ~»ssions
reccrded at the meeting held on the above date.

No member of the ACRS Staff and no participant at this

meeting accepts any responsibility for errors or inaccuracies

of statement or dzta cuvntained irn this transcript.
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. ATW !, PROCEEDINGS (8:40 A.M.)
2 |l
!.l
3 DR. PLESSET: The meeting will now come to order.
I
4“ This is a meeting of the Advisory Committee on
'l
5| Reactor Safeguards, Subcommittee on ECCS.
N I am Milton Plesset, Subcommittee Chairman.
7 Jesse Ebersocle 1s scheduled to join us very soon.

|
!
|
|
|
{
8 | He was slightly delayed.
|
|
I
|

The ACRS consultants present today are Professor
‘Of Catton, Mr. Garlid, Mr. Lipinski, Mr. Michelson, Mr. Shumway,
" Mr. Sullivan, Professor Theofanous, Professor Wu, Mr. Zaloudek
12

and last, but noc¢ least, Mr. Zudans.

The purpose of the meeting is to review the ECCS

14 | mode) for small breaks in the reactor systems. Tomorrow, the
15 | subcommittee will review the proposed Fiscal 1981 buéget

16 | figures for ECCS-related activities.

17 4 The meeting will be conducted in accordance with the
18 | provisions of the Federal Advisory Act aad the Government and

Sunshine act.

20 Dr. Andrew Bates is the designated federal emplovee
2! | for the meeting.
2 The rules for participaticn in today's meeting have

43 been annocunced as part ¢f the notice of this meeting previously
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published in the Federal Register.
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- A transcript of the meeting is being kept anéd will be

I

| !

| - “."

i 2',.'.) \,\‘
|

|



 lrw 7? m:;.de available. It is requested that each speaker first
' 2?, identify himself and speak with sufficient clarity and volume
3?! s> he can be readily heard.
44 ile have received no written comments or reqguests for
5h time to make oral statements from members of the public.
i
6{ We are waiting for not only Mr. Ebersole but his
7A associate is supposad tc be here any minute. In the meantime,

8| we can have a free discussion of the consultants.

. In particular, you got this morning from Dr. Bates

10| an outline of the budget proposed for safety research, light
water safety research. This is of some importaice, if you have .

a chance to look at this, because tomorrow we are going to

( ‘3w consider some of the aspects of this research budget.

The ACRS has to prepare a report very shortly for

° the commissioners regarding this budget and, in the not too

‘5%! distant future, a report tc the Congress on the same matter.
17 There have been suggestions that scme of our reports haven't

18 been as incisive as they might be and we have a responsibility

.

19

[

to be searching in our forthright consideration of the budget.
20 I would like to censider this this <vening and be, perhaps,

21 prepared to discuss with the staff tomorrow scme cf the items

22| that will have tc be reported on.

m

e » 3 ; :
a2 The budget related to ECCS research is the largest

4 part ¢f the safety research budget and is certainly, therefore,
are-Federsl Reporters, inc
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l 23 looked at with cconsiderable care and a lot of detail. There is
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5
always a gquescion raised about thirc: 1Is it disproportionate?
Perhaps it has beer in some respects; perhaps it has not been !
in other respects.

I would appreciate very much if you would be prepared
to make frank comments tomorrow. It will assist us in prepar-
ing this report, which will have to .. made available within
two weeks. That will also go to the Congress, I'm sure. As I
mentioned, we will have a longer report then, with a little
more time toward the end of the year on this same matter.

I don't need to say again that this part of the budget
is looked at with a lot of careful scrutiny and sometimes
criticism. I would appreciate your input.

) Well, let's go to the regular program, unless you
have comments now. We have time if you would like to make some
comments regarding today's or tomorrow's agenda.

MR. ZUDANS: Will we have our presentation on the
individual items in this budget?

DR. PLESSET: Yes. That's what we will devcte
tomorrow to.

MR. sUDANS: This report to the Congress, hat the

’J
n
it
-

same report we hac the other year?
PR. PLESSET: Yes.

MR. ZUDANS: That's not due in two weeks, is it?

"

DRK. PLESSET: No, but the bpudget from the staff goes

to the commissioners in July ana they have reguested cocmments

19 029
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from the ACRS so that they can have some use of it in going
over the proposal.

DR. BATES: The figures you have went to the NRC
budget committee for research, which then goes to the commis-
sioners, and they act on it and then altered figures may go to
the government budget cffice and that goes v Longress.

MR. ZUDANS: The comments that are due in two weexs
are for the benefit of the commissioners. )

DR. PLESSET: That's right. However, I'm guite sure
that this wiil be loockea at by the committee in Congress that
is concerned with the budget for the NRC.

MR. ZUDANS: Independent cf the other report.

Dg. PLESSET: <vThat's richt.

PROF. THEOFANOUS: As you know, some of us are in-
volved with another subcommittee, also, which has discussed
some of these research items. ‘lhere is a guestion of cuplica-
ticn. Do we want to discuss basically some of the things we
dis” ussed a week and a half agec or do you want to just gave
some feedback by some of the consultants' reports given tc the
subcommittee? What do you suggest 1is the best way to provide
the right feedback?

DR, PLESSET: Well, I think that we will have the
responsibility of making the comments on the £CCs program.
that is quite independent cf what the other subcommittees are

doing. Their consultants should give us the information they
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have developed. It might be of value in making that report.

PROF. 'HEOFANOUS: What I am saying is that those

subcommittees basically have a scope that includes the scope of

this subcommittee. What we have seen in the total budget, a

good part of it is ECCS, which has been ciscussed also as part

of the total. There is duplication, basically, in being here

for the same discussion, but if we don't have the discussion,

there will be no feedback.

PROF. CATTON: A lot of the detail has been left nut.

PROF. THEOFANOUS: 1If there are arv writr~n reports

here -- I wrote a report -- we need a chance to .. ~em

so that tomorrow, when we discuss the research, we have the

benefit of all this previous work.
DR. PLESSET: There will be some special considera-

tion in the budget of the implications of Three Mile Island.

We definitely have to make comments about the systems engineer-

‘those

ing part of the budget on LOFT and code develcpment.

rograms in LOFT and SEMISCALE, for instance, have been effect-

O

Mile Island and they have some aaded test

small brsaks.

question I have in mind i1s: Are those signifi-

how important a contribution can be made by the kind

that we have concentrat & on e past? I think

that is something you can give us scme advice on.

Many of the tests dcn't need elabocrate, big code
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érograms. To do i1t that way may be a good exercise but not
necessarily very helpful or useful for the code or the users

‘1terested in the results. For example, as a possibility, some

of the tests may not be too meaningful; others may be.

As you know, there is a large program guite independ-‘
ent of the small break program with the codes and with an
internatiocnal program. The international 4D/3D program is a
big program. Our part is $59,000,000, even though we are not
involved with any new facilities. I think we can think about
tha., as well.

Doces that help?

PROF. THEQOFANOUS: Yes.

MR. GARLID: Is the Fiscal 1981 budget virtually
solicd and we are looking primarily at Fiscal 19822

DR, BATES: 1It is 1981 we are looking at. The 1980
budget is before Congress now. 'The 1981 will be going to
Congress.

PROF. CATTON: 1Isn't the '80 budget going with the
huge supplement for hree Mile Island? We will probably have
te loock at that.

DR. BATES: Yes. There is a paper being duplicated
which is supplemental to this.

DR. PLESSET: We can't loock at that nocw because we
don't even have it.

PROF. CATTON: The supplement is $30,000,000, I

279 U
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PROF. THEOFANOUS: Under 1980, one cof the cclumns

says 6bt. The next said amended 197. That's the additionai

money they want for that.

DR. BATES: Tiie amended 1980 budget =--

PROF. THEOFANOUS: Includes this §$30,000,000.

DR. PLESSET: Yes. That's the amendment. There is
$4£0,000,000 in the second and third column increase. Okay, I

was just Looking at the first part of it, right; $30,000,000.
Any other comments?
PROF. CATTON: There are a couple of things I weould

like to hopefully near about today. One 1is this generator

model. I weruld hope we cc . hear from the staff on what they

think of the method. It looks extremely crude.

Basically, they take the heat flux from the primary

side to the secondary side at time zerc and set up a ratic and

multiply this by some time-dependent modifier. That is the

o

steam generator model, in essence. I find that an oversimpli-

fication in the description when you consider the various

things involved. I would like t¢ hear something about that.
I wouid also like to hear a bit apout how they calcu-

late the rate at which the bubble grows at the top of the candy

cine, and also why I shculd not expect trne bubble to start

growing there abcut the same time it starts to grow in the

upper plenum of the vessel. It is not clear to me why yco
209 024
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can't generate the bubble there simultaneously. You only need
£0 cubic feet to block the candy cane. Wny nct block it beiore
you clear the head?

I will pursue it at the appropriate time.

DR. PLESSET: Any otr.>- comments? If not, thea we
will proceed to the staff,

I might say it is a Little unfortunate that Babcock |
Wilcox couldn't send somebody cown. They are being visited by
the President's investigative committee this week. They could
not spare anybody, which is unfortunate.

Is there somebody here?

MR. CUDLIN: There are two of us here today and we
are expecting a third. 1I apologize we are not in gull strengthv
but we wustered up some.

DR. PLESSEY: Will you make a presentation?

MR. CUDLIN: No, sir; we had not planned con a
presentation.

DR. PLESSET: Fine. Thanks for being here. Do you
want to begin with the regular agenda?

MR. ROSZTCOZY: VYes. Our subject today is the Ba&w
small break loss of coclant accident analysis. Following the
T™I-2 incident, the NRC staff reviewed the BaW small break
analysis. Their review is now almost complete.

Based on the review and based on the present status

0of the review which we have looked at in the Occnee anéd the



1rw 1

10

11

121

)
LN

24

Ace Federal Reporters inc.

pi

11
Arkansas plants safety evaluations, a repc ¢ of the generic
evaluation of the BaW small break review will be issued by the
end of this month. Similar reviews for cther cperating
pressurized water reactors are a.iso on their way.

We have met witn the Westinghouse owners group and |
Westinghouse three times during the past two weeks and we have
met with the Combustion owners group and Combustion twice dur-
ing the past week. These meetings initiated the review we bave
already completed for D&W. The Westinghouse supmittal is ex-
pected at the end of this month and our evaluation will be com=-
pleted in July. Combustion is expected in July and our evalua-
tion will be completed a few weeks late-. Discussion with the
General Electric Company and operators of boiling water reac-
tor plants will start next week.

The scope of the review is not yet defined. There
rze significant design differences and we are presently trying
to evaluate the appropriace extent of the boiling water reactor
review.

The purpose of the B&W review was tc ascervain that

there is a sufficient understandiag of the small break sc thet

plant responses in cases like this can b correctly pradictea

vs
-

wW2S

i
’J
"
n

This has been analyzed but most of the small break an

(t

ed in a ccmplete depressuri-

it

limited to break sizes that resul
zation; complete depressurization meaning the high pressure

safety injection system, safety injection tanks and low pressure

279 026
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safety injection system were initiated in the appropriate
segquence.

If one continues the small break spectrum down to
smaller sized breaks, then depressurization acesn't necessarily
happen and other possibilities exist, like the pressure can
hang up at an in-:rmediate level, maybe clcse tc the -scondary
pressure, or repressurizaticn can happen when the pressure
turns around and rises again.

It was also the purpose of the review to see to it
that proper guidelines are being prepared Ior emergency pro-
ceduras. ' also followed up with a review cf the emergency
procedurss and operator retraining based the new information.

As I mentioned earlier, the analysis review was
limited to the small breal LOCA including small break loss of
ccolant accident caused by other means initiated by transient
and then resulting in a stuck-open valve. Strict compliance
with Appendix K and 10 CFr .0.45 was not regquired in this step.
Instead, the review concentrated on information neeced for the
preparaticn of emergency procedures and the informaticn needed
for the tra‘ning of cperators.

DR. PLESSET: Could you clarify one thing? How does
Acpendix K read; is it reguired toc use 1.2 ANS fcr small breaks

here?
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specifi-4 n Appendix K apply to smal' breaks the same as largej
breaks. The . .2 multiplier is required. It is important to |
keep in mind that: many of the restrictions specified in
Appendix K represent significant ccnser-atism for large breaks
but might be relatively ineffective for small breaks.

Some of those were devised purpcsefully for large
breaks. Tne 1.2 multiplier is a significant conservatism in
the small bLreak arzlysis.

DR. PLESSET: So that's the one I thought would be
the mest important one for small breaks. That is reguired
according to the wording of the appendix just as it is for
large breaks, to use the 1l.2.

MR. ROSZTCOZY: That is correct.

MR. SHUMWAY: You talked about retraining of operat-
ors based on new information.

MR. RCSZTCOZY: Yes.

MR. SHUMWAY: What new information?

MR. ROSZTCOZY: New information i1s basically the
plant respcnse in the case of small bre:ks, the plant respcnse
with the design changes which have been introduced in these
plants.

MR. ZUDANS: Those findings are based on the analysis
2f small breaxs.

MR. ROSIZITCOZY: Based on the evaluaticn of small

breaks, thinking about them -- what can happen. how, so on =-=-

<O

279 028
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and the suppliers cof nuclear plants preparec guidelines for the

preparation of emergency procedures. Those guidelines are pro-

vided to the individual utilities. Each of the utilities are
responsible for the preparation of the emergency pro:edurgs so
they devised emergency procedures based on these guidelines,
taking into account any other knowledge they zainec from Three
Mile Island and since Three Mile Island, ani the operators were
retrained based on the new emergency procedures, which are
significantly more detailed and complex than they have been in
the past.

MR. SHUMWAY: So it is new emergency procedures you
talk about; not necessarily new thermal hyaraulic information.

MR. ROSZTCOZY: The new procedures were based on a
careful evaluation and review of all the various possibilities
that car happen in terms of plant response should you have a

small break.

e
17 |

MR. SHUMWAY: Do you feel there are socme new thnermal
hydraulic information?

MR. ROSZTCOZY: New in the sense we have seen analys-
es of breax sizes which result from depressurization, we have
seen analysis of break sizes which hang up at intermediate
pressures. Some information of this sort was availablie but it
was rather limited.

Routinely, if you lock at the safety anaiysis report

of these plants ~- for example, the cperating plante -- they
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did not have this information.

DR. PLESSET: Have the operators of the pressurized
water plants -- have there been any negative responses to the
new setpoint conditions for reactor trip and tne like? Have
they all found them acceptable and desireable?

That's a general guestion. I thought I saw scme
responses that indicated some reservations.

MR, ROSZTCOZY: Let me answer the guestion based on
ny knowledge. This afternoon, we are going tc have people here
who have worked individually with the individual ut’ .ities in
rhe preparation of the emergency procedures for each utility.
They are the people more aware of what discussion: went on and
what concerns might have been expressed.

My understanding is that there were no major concerns

in terms cf the setpoint changes. The twec changes in the set-

-——;Mg;hpoints were: In the past, B&W plants had a reiief valve set at
i =

e

the lower pressure than the reactor trip initiated trom high

pressure so that in the normal course of events, 1f there was
say a feedline transient, the normal course was the pressure

started to rise. This cpened the relief valve.

If the relief valve was aple to hold the pressure,
there was nc reactor trip. If the pressure rose furtaer up
ajother 100 psi or so, then the reactocr trip was initiated from
the pressure and the reactor was tripped.

The advantage of tnis type of aesign p;ﬁ;:sophy is

219 U
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lrw 1h that you exercise the relief valves guite a bit. As you prob-

2 ably knew, during the 30 reactor years of operation of B&W

3: plants, there were 148 occasions when the v /es were exerclsec.
I

4ﬁ Based on studies which were done completely independ-
’1

$| ently == I believe thare is a reactor safety study where they
|

6 just lookeé at valve behavior -- they arrived at the conclusion
7| the probability of the valve not closing once it was lifted is
8| two times ten tc the minus twe. If you compare that number to
the three occasions out of the 148 trips when the B&W valves
10 | did not cleose, you get almost exactly the same number of cne in

1 i 50. This is a disadvantage of design.
l Now what is the design change? It is that they re-

( 13; versed the order of these two setpoints. They lowered the set~

“ 4 ' point on the reactor trip and increased the setpoint of the
15| relief valve. In the new design, if there is a transient ana

~16-- the-pressure starts to increase as a result of that, £irst you

——

17 reach the reactor trip and you woula reach a vaive opening only

18 | if the pressure started to continue and rise higher.

—
“

In addition to these design changes -~ the design

20 changes cn the setpoints =-- there were alsc new reactor trips
installed; twe rew ré - - trips. One is loss cf feedwater.

iz The second is on turbin trip. With these two new reacter trins
¢3! and the new setpoints, the expe:tetién is that most of these

<4 transients will not result anymore in lifting of the celief

“ce-Fegeral Reporwers Inc
25 valve, T %
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Along these linci. I am not aware of any serious con-
cerns. There were a few other items in the bulletins and sone
of these are being discussed in a lot more detail. One cf them
that got quite a bit of attention ~-- and there is kind of a
spectrum of opinion on this; not everyoody is of the same
opinion ~- is the guestion of the reactor coclant pumps.

When you have a small LOCA, what should be the
emergency prucedure? Should they tell the operator he should
turn off the reactor coolant pump or run the reactor coolant
pumps even if they tripped ocut? Maybe start them up and try to
run them.

The opinion on that question seemed to he evenly
distributed. Some advocate ore and some the other. Later on,
we will discuss the various analyses performed and maybe that
will be a good time to comment on that.

—-Again. we do not see a completely clear black and
white choice. There is som;~;dvantaqe of deing it one way and
there is some disadvantage coming with it. If you do it the
octher way, again, you will have some advantages and some
disadvantages.

DR. PLESSET: I was thinking nct only of B&W plants

at

but cother pressurized water reactor systemes, and I thou

T¢}

there might be some concern from the operatcr that you will get

more spuriocus trips of the reactcr with the new arrancements.

We will come back to that later today, as vou say.
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MR. ROSZTCOZY: These last few comments I made were
general comments applying tc all PWRs. For example, one vendor
is recommending one and another vendor is recommending the other

one on the trip.

In terms of the setpoint changes which I described,

. Combustion always had them the other way. They had what is

censidered the new B&aW design. I believe most of the Westing-
house plants are the other way, too, but they have plants in
bo%th ca‘legories.

MR. ZUDANS: My question was the one you phrased. 1
assume we will hear later the philosophy why this switchover of

setpoints is such a good thing. 1Is it easier to, say, replace

| the relief valve ~fter L00 operations or so?

- - - MR. ROSZTCOZY: 1I'm sorry if I mislead you but I do

| not believe we will discuss that part>t6day. We will discuss

the analysis—ﬁiit but we—are-not planning to address that part.
If you have any questions on that, I can respond to it now.

MR. ZUDANS: It appea.ed to me kind of very sudden,
talking abcut a switchover from one system to the other. In-
stead of offering a relief valve, because it will fail to clcse

after, say, 100 operaticns, you trip the reactor. With the

trip peints suggested, are you allowing the pressure to go

higher *.uan it would go before you trip the reacter nosw or what?

MR. ROSZTCOZY: That was not the original purpose.

Why is the relief valve there? It doesn't really have any

- 9

279 33
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safety purpose for this type of transient. It might have one
for other occasions, but those ire not automatic openings of
the relief valve.

Fo; example, you might use the relief valve to avoid
something, but those are not automatic actions. They would be
manual. The automatic action is not a safety consideratior: it
is just an operating convenience.

When yvou go to the reacter trip, to trip the reactoer
under certain circumstances, that is a safety consideration.

The main reason for the chaage was the very high prob-
ability -- or the very high fregquency =-- of occurrences of
these cases. If vou look at the B&W plants, their 30 years of
experience, there have been fcocur small loss of coclant acci-
dents because this valve was open. There were cases where the
valve was lifted as a result of a transient and cidn't close.
One was the result of an electrical-malfunction which opened
the valve for an extended period of time. Fou£~;f these in 3v
years gave you a probability of 0.l13 approximately.

In all ocur considerations, when we have been working
with the loss of coolant accident -- for example, when the
criteria were derived -- probabilities ©f much lower than this
have been considered. (ver a risk that a given accident repre-
sented is a combination of the two == a compination of the

ity of occurrence and the conseguence of the event -~

prokbarpi

there are two ways you can enfocrce a certain criterian.

g9 B
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You can have a risk criterian -- or establish
criteria -- for each of them, the probability of occurrence.
The way our regulations are set up, we are following the second
route. We don't have‘én overall criteria but we have a reguire-
ment on the probability of the events .id consegquences. |
| If poth of those are me* you have an acceptable con-
sequence. If one is met and the other is not, the risk can be
unacceptably high. The main purpose was to reduce this very
unusual anéd very high occurrence of small brea. oslowdown.
MR, ZUDANS: That would be fine, but to clarify this

in my mind, it doesn't mean they will now be making more

reactnr trips. Or does it mean that? If so, isn't the reactor

!

trip more damaging than just a relief valve?
There are many other things coming into action. What'
I am concerned about is not to see as many trips as there would

be the cther way. 1In other words, you are-paying with a

reactor trip for elimination cof a relief valve. I am wondering

what the mechanical consequences are in either case. I would

certainly nct want to trip the reactor to save the reliefl valve.
MR. ROSZTCOZY: What the design change has done is

reverse this, too, s¢ should the design be the same in the past

dé have seen 148 reactcr trips.

5

as it i+ now, then you woul
MR. ZUDANS: The reactor is not designed for that.

You cannct take it. There are components that suifer from this

2170 e
trip. Z' ’ v
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MR. ROSZTCOZY: There is quite an effort going on to
try to reduce the number of reactor trips. Large portions of
this wcre initiated by feedwater transients, initiated from the
feedwater systems. ;

Parrallel with the analysis review, what we have per-
formsa, there have heen systems reviews cf these plants, and
one of the main cbjectives of the systems review was the feed-
water system of this plant. Various things have been aiscussed
and I assume consideration has been given to improve the feed-
water system in such a manner that the freguency of feedwater
transients in the future would be lower than it has been in the
past.

I have not been involved in that part of the review
anéd I cannct give ycu the exact conclusions of the review, .ut
there is a definite effort to do this.

MR. ZUDANS: 1In other words., some cther groupof
people will look a2t the total number of such trips and make

sure they are not more than the plant is designed for.

DR. PLESSzT: I think that was well-stated. What
was concerned about, at least, changes. I would be surprised
if there were not responses ¢f operators of PWRs in this
context. Maybe we will have more on this later today.

Rex alsc wanted to comment.

MR. SHUMWAY: How many reactor trips occurred when

vyou had these 148 incidents?
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MR, ROSZTCOZY: I don't know the answer to that.
Add:tional information has been requested on these. We haven't
seen an itemized list of all of those yet. Once we have the
information, I assume the answer to your'éuestion will be there.

DR, PLESSET: We would like to see that.

MR, SHUMWAY: If we had 148 reactor trips, anyway,
then it means this change will just resulit in fewer small
breaks.

MR, ZUDANS: The plant is not designed for 148
reactor trips.

PROF., CATTON: Some small fractio:r.

MR, ROSZTC. 7¥: Since the B&W people are present,
they offered to comment on any areas where they might be able
to help. Let me check with them cn whether they have answers

to some cf these guestions. Maybe they can provide a little

bit more insight about how many of these transients resulted in

reacter trips.

DR. PLESSE Fine.

I don't have the specific number of incidences that
lefted the relief valve that will now cause a reactor trip. I
believe, in cur presentation last Friday, there was a slide
presented which indicated the number of successful turbin trip
runbaci<s, loss of single reactor coolant cr loss of single fee. -

~ "7

watzr pump runbacks at the B&W p142933 1Y 5
[ |

—

o
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lrw 1 On one particular plant that I recall crver a five-

L]

; year perioda, I think the number of additicnal trips was expect-

ed to be about 30.

4; MR. ZUDA™S: That's 30 too many, I assume.

54 DR. PLESSET: Thank you. We will get some more.

63 Yes, Karl.

7: MR. MICHELSON: Have you considered the possibility

|
{
8| of an at“-matic -- but delayed -- closure of the block valve
f after the actuation of the relief valve in lieu of some of
|

10 | these other possible changes, keeping in mind, of ccurse, the

:
"y operator would then have to manually reopen the block valve
l after the transient was over?

( . ISH MR. ROSZTCOZY: This possibility has been discussed
14‘? in our various considerations but I am not aware c¢f any case
15| when any of the utilities would have operated to fcll>w up on
16 f that; at least, not in the short-term. —
17 There are also various things we considered the long-
18 term. [ believe there 1i1s one that is being locked at.

15 MR, MICHELSON: 1t wouléd appear to alleviate the con-

20 cern about the valve sticking open because it would back up

2] that possible single failure by automatic closing of that route

22 for loss of coclant. It appears in many respects like a more

23 favorable direction to go than to start juggling around set-

24 points.

«ce-Fegers: Reporters, (nc. |
s MR. ROSZTCOZY: Recommendation has been made by scme

219 038
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members of the staff that these should be kept closed for these
plants for the timebeing. The probability of failure is being
evaluated. That recommendation was considered. It is my under-
standing that a number of the utilities are keeping the valve
clesed on their own initiative.

Srortly after the Three Mile Island incident, they
decided tc keep the valve closed and are operating in that mode.
That is an accepted operating mode and has always been an
accepted cperating mode. The fuel can follow that.

MR, MICHELSON: Would it be a more attractive
alternative to require a mandatory operation tc close the block
valve after each activation of the relief valive until the
transient was over with? This could alsoc be done but you would
ccunt on operator action. 1It, again, appears better to do than
to start juggling the setpoints as they have been juggled.

MR, ROSZTCOZY: No; the last item =-- mandatory clos-
ing of the block valve ~- would contradict s~me of the presen%
emergency procedures. Emergency procedures in some cases --
not on the permit -- require the manual opening cf the valve,
§0 the valve is being used to relieve pressure for scme of
the transients.

MR. MICHELSON: I thought you assured us there was no

as

w

17

ty significance tc the operaticn of the relief wvalve.

v

he

A

@ are no reguirements to cpen that valve. Scme desired

time, but nc reguired time.
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MR, ROSZTCOZY: No regquirement for ultimately opening
the relief valve. It is there and some of the emergency pro-
cedures ask the operator to open the valve if repressurization
occurred., Usually, the instruction is given in terms of a
certain pressure level. If the pressure rises to a certain
level, then the cperator is asked to open the valve to maintain
the pressure or raduce it, so the valve is being used as a
result of cperator action.

PROF. CATTON: 1Is it a concern for operators doing
the wrong thing? How much of a rcle does that play?

MR. ROSZTCOZY: I dian't hear the guestion.

PROF. CATTON: How much of a ccncern is there about
the operator doing the right or wreong -thing? How much concern
is there in these procedures?

MR, ROSZTCOZY: It played a very important role in
the process of generating the procedures. Questions have been
continuously asked during those dicussions: What happens if

the operator deoesn't follow scme ¢f these ins:iructions?

*3

ot

he purpcse is to try tc be kept at a minimum and at
relatively basic steps. This would be a type ¢f thing where
the cperator learned this, and since the main steps ¢f the pro-
cedures are relatively simple, he certainly would try teo follow
those.

PROF. CATTON: If ocperator education were considered,

mavbe one cculd back ocut of scme of these procedures in the

213 OW
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future. Can you teach the operator to ac it right?

MR. ROSZTCOZY: Yes, I assume so. We can do that.

DR. PLESSET: I would not encourage discussicn of
this point. Perhaps Mr. Rosztcozy is not too prepared to go
into all of this.

MR, ROSZTCOZY: A different group of people -- system
people and rpecialty people =-- who are in our operator training
branch were the ones who followed up the emergency procedures.
Those people will be here this afterncon giving a presentation
to you. The gquestions ¢n how the coperator responds tc that,
how they are being trained, how emergency procedures are being
prepared, thos questions probably should be kept for the after-
noon session. .

PROF. CATTON: I was trying to fet a feel for this.

DR. PLESSET: Our concern is: Have we really improv-
ed the situation or not? I'm not sure, but this may have been
done in scme haste. We will find cut more this afternoon.

Harold?

MR. SULLIVAN: 2Zoltan, do £ind it t¢c be a con-
flict == you say the valve is not safety reliated, but the
actuation of that valve, how it is used, is definitely con-
trelling how the transient goes -- or the effect on the

transient. Yet, youv den't reguire it to be in any one pesition.

-

MR. ROSZTCNZY: First, let me see if I understand

2,:_} !‘v“
= w ot
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your assumption. The valve is definitely safety related in
the sense that it is part of the primary system pressure tund-
ling and we have a very strict requirement for that. There 1is
nc question it is safety related.

My remarks were that autcmatic opening of the valve
is not a safety related action. We have pressurized water
reactor plants which do not have this valve at all. It 1is not
a necessity and cdoesn't have to be on the system.

All the new Combustion designs don't have this valve
there. In that sense, automatic actuation of the valve is not
a safety related action. If you did that, then there are
various circumstances when you probably would use the valve,

and it is to your advantage ,tc use the valve in those circum-

| stances. Recognize that there is no restriction at the present

time on the use of the valve.

MR. SULLIVAN: It indirectly affects how the transient
goes, whether it is automatic or not, or whether it works or
not, is that correct?

DR. PLESSET: We xnow that.

MR, SULLIVAN: In its operation, it looks like it
would be part of the review cf a safety issue whether it was
automatic or not.

MR. RCSITCOZY: .et's take a simple case. Take tih
same plant. In one case, it is operating with the block valve

cpen. In the other case, the same plant is cperating with the
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block valve in a closed position. What is the difference be-
tweer the two? The difference with Lhe new setpoint, for most
of the transients there is no difference. For those where the
valve would cpen, the difference is that should the valve open,
:t would try to maintain the pressure and it might prevent the
lifting of the safety valves. If the valve cannot prevent
that, then the safety valves will operate.

The second case is when you have the valve closead.

In tl st case, the pressure rise would just continue to the
safety valve. It reaches tne safety valve. The only differ-
ence is that the safety valvc is a somewhat nigher pressure and
different design.

If it can be shown the safety valves are more reliable
than ke;éing the vailve closed, that is probably the safer mocde
of operation. The real fact is if they are more reliable than
the safety valve, then the best operaticn is the keep the valve
open and cperate with the relief valve.

MR, ZUDANS: 1Is the safety valve on the same line or
a separate line?

MR. ROSZTCOZY: I don't know the answer to that.

DR. PLESSET: Separate line.

MR. ZUDANS: Those setpoints are in accorcance with
the code?

MR. ROSZTCOZY: VYes; typically 2500 psi and the

or
.J
w
(38 )
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MR. ZUDANS: The safety valve setpoint would be way
beyond the reactor trip setpoint.

MR. ROSZTCOZY: With the new setpoints now, the trip
is approximately 2300. Next is 2400. The safety valve set-
point is 2500 psi.

DR. PLESSET: Maybe we should go cn. We will be
talking more about this later. GO back to your set program.

MR. ROSZTCOZY: Yes.

I had a few more sentences in my introduction. It
turns out, I believe, these guestions have already asked for
those responses so we are ready to start our presentation.

We have three prusentations this morning. The first
will be by Brian Sheron, who will discus:. the items relating
to the Michelson concerns.

The second presentation will be by Mr. Audette, who
will discuss the small break analysis that B&W performed during
the past month.

The third presentation, which is not on your sheet,
will be given by Norm lLauvben. Ee will discuss cther calcula-
tions we have performed for the Ba&W case. Originally, when
this program was prepared, we assumed Mr., Audette wculd do that
presentaticn, also, so we had vne item there. It now splits
inte twe. Audette will do part and lLauvben will do part.

We will try to complete those in the morning and

wn
o
[
3

nd the afternoon on the guidelines and emergency procedures
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and operator training.

DR. PLESSET: Fine.

MP.. ROSZTCOZY: Brian, would you please start?

MR. SHERON: Gooa morning.

(Slide)

What I will be speaking to you about this morning
deals with natural circulation in the B&W plants. Specifical-
ly, I will be addressing the concerns of Mr. Michelson that he
raised in a draft report written on B&W raised loop plants.

Just for history, for those not familiar with it, a
draft report -- handwritten report, I guess -- that we obtained
in early April of this year by Mr. Michelson was written ex-
pressing what was considered to be about six major concerns on
205 fuel assemﬂly plants. ‘This was in reference to tie Belle-
fonte application, I think.

These concerns were transmitted formally from TVA to
Babcock & Wilcox in a letter of April 26th cf last yvear. B&W
evaluated the concerns in this letter and responded in a letter
to TVA on January 3rd of this year.

I would feel it fair tc say, as I understanc in-
formally from B&W, they spent about a month or two evaluating
the latter. They did not feel there were any significant

safety cencerns. As I understand, that is why there is a big

In April -- around the l4th, the first or second week
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of the month =-- a copy of the report was received, at least in
the analysis branch, and that was when we were asked to review
it and to provide our evaluation on it.

On May 7th B&W came in with a repocrt on small break
analysis of their plants. This is the big blue report. In i .,
they devoted one appendix to more detailed evaluation of the
concerns of Mr. Michelson.

(Slide)

DR. PLESSET: 1Is that the first time you were aware
of this analysis?

MR. SHERON: It was the first time I was aware of the
report. I think it was the first time most of the staff was.

There was an internal memo f£rcm Darryl Eisenhut to a number of

| office directors, I believe it was, dated around April l4th and

it said here was a report he received from Mr. Michelson and he
was passing it ocut for our information.
I called Darryl and, as I uncerstand, this was re-

ceived by him from Mr. Micheison. It was, I think, at the sit

5]

At least, that's what he told me up at Three Mile Islané.

read in the Post what evervbody else did, that there was a

possibility the staff might have had a cepy prio

H

-
-

0

the Three

Mile Island event. I dc not know who got it or wha

or

the actual
circumstances were.
DR. PLESSET: Okay.

MR. MICHELSON: I think it is fair to say that the

r ,, ’\v i"‘ cl
Zf'? UhQ
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staff did have handwritten copies of this material at least on
10-21-77, since that was the date the handcopy returns were
returned to Jesse.

MR. ROSZ2TCOZY: My understanding is that one member
0f the staff received a copy of this from a member of ACRS, I
believe. I'm not sure of the date; somewherc along the line
Mr. Michelson indicated. That copy was not circulated within
the staff. The people who are here today and the people who
have been involved in these reviews have seen the report for
the first time follcwing the TMI-2 incident..

MR. SHERON: 1In reviewing the report, there appear to
be six major concerns that were addressed with regard to the
natural circulation phencmena in B&W plants following a small
break accident in which tae steam ;enerators ;;fe required to
remove the decay heat.

In adcition, there was an additional report written
by Mr. Michelson. I think he referred to it as more or less
handwritten nctes. 'this addressed cne cther item. This was

for a CE System 80 plant. This was the effect ¢f non-condens-

W

ble gasses. I intend to address that this morning, also, as
part of this. It was not specifically pointed out in the B&W
report.

The seven items were: Acceptability o¢f intermittent
natural circulation.

Time delay in transiticning from natural circulation

x 7
\

2'{ () C,t /
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to poeol boiling mode, or reflux beiling.

Item three, the pressurized level is not necessarily
a correct indication of water level in the core.

The consequences of 1f an IFA small break is isolated,
what happens?

Another was the pressure boundary damage due to
bubble collapse, like a waternammer effect.

The fact that the energy lLeaving the break i1s not
necessarily the energy that is being generated and exiting the
core.

Okay, sco when one talks about if the break carried
away the decay heat, one must take into account what goes out
the breal is not what comes out the core.

The last item was the effect of no;-condensabl;’
gasses, on which we ao not have any formal infermation sub-
mittal from B&W at this time.

What I will be talking tc you about are scme staff
estimates that we have put together.

(Slide)

With regard to the intermittant natural circulation,
which we have come tc call the "Michelson Effect,” that is, what
happens is you get steam bubbles. As the system derressurizes,
you would start to £flash the hot leg in the core, steam bubbles
are fcrmed and can accumulate at the high points in the system,

be it the upper head or cop of the candy cane, and if they do

"2
~C
o
o
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accumulate at the top of the cardy cane, this is the hot leg
U-pend, and when the steam volume exceeds the volume of the U-
bend, then I have broken my natural circulation path and the
natural ‘irculation will cease.

What happens is that because I have now lost the
ability tc remove decay heat, the system will start to re-
pressurize. When it does, what happens is that you will con-
dense out scme of the steam up in this candy cane and you will
reestablish natural circulation. Restore the heat sink and the
pressure starts to com2 down. You generate voids, then. These
voids accumulate in the top of the candy cane., You break the
natural circulation. You would expect to see some cyclic re-
pressurization.

(§lide)

Just to refresh some memories, this is Three Mile
Island. This is the lowered locp plant. This is the candy
cane I am talking about. When the veclume above this lower part
cf the U-bend here becomes filled with steam, there is no
longer a flow path for ligquid here.

PROF. CATTON: What is the radius here of the candy
cane?

MR, SHERCN: About fuur and a half feet.

PROF. CATTON: The rise tc the tcocp ¢of the candy cane.

MR, SHERON: It looks like about 30.

PROF. CATTON: What is the diameter of the pipe?

2 !9 Ql}v
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lrw 1] MR. SHERON: 236 inches on the hot leg.
21 PROF. CATTON: The distance between the centerline of

|
3 ! the rise and the top of the steam generatcr =-- centerline of

‘§ the steam generator to the centerline of the pipe.
|
51! MR. ZUDANS: Ten feet.
I
6 MR, SHERON: I would say the radius was about four

7| and a half, so from here to here is nine.

g PROF. CATTON: Thank you.
s ? DR. PLESSET: You assume that the system is capable

10| of repressurizing sufficiently in this discussion sc that you

|
1 } get condensation of the steam again and you start over, is that
‘2J correct?
-
| : . )
{ 13 MR. SHERCN: The actual analysis would determine

14! whether you have a sufficient repressurization there to con-
15| dense the steanm.

16 DR. PLESSET: Dc ycu see that?

’7: MR. SHERON: The calculations by B&W have shown in

8 the lowered loop plants that this phenomena doesn't occur. It
+5 the raised loop plants where they predict tnis. This cyeclic
20 repressurization does occur in the raised loop plants. It was
2l not predicted to occur in the lowered loor plants based on the

2 B

'S
=

analyses they submitted.
23 MR, ZUDANS: The pressure goes up faster than the

. P corresponding saturation temperature in the reactor. The
\ce-Fegeral Reporters Inc

! a = 3
25| pressure would then go up faster than the temperature.

219 03¢
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MR, SHEROW: Yes, in order to condense the steam.

MR, ZUDANS: It is a very sensitive situation there.

PROF. CATTON: What is the difference between the
two? 1Is it because the pressure rises faster with time, one
over the other?

MR, SHERON: Yes. I checked. As T understand, there
is no clear-cut geometrical difference cone can atribute to why
one sees r-epressurization in a raised loop and not in a lowered
loop.

I know Bob Jones is here. He performed tnhe analysis.
I might ask him to explain.

MR, JONES: Well -~

PROF. CATTON: Could you repeat the differences again
~or me?

MR. SHERON: The other geometry would be this raised
loop design, which is the steam generators being just essential
to shift it up.

(Slide)

PROF. CATTON: The raised loop goes back inte natural

irculation faster than the other.

MR. SHERON: The raised loop exhibits repressuriza-
ticn. In other words, the interrupting ©f sclid liguid natural
circulation, okay? And then you see a repressurization, which
then condenses the steam at the top ¢of the candy cane and re-~

establishes liguid flow and -~ gyet the liguic natural
~ r \

I'\’_‘ ‘;‘\
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circulaticn again, which, in turn, reduces the pressure and
allows the steam to form and to break the natural circulation
flow.

PROF. CATTON: So it burps. It sort of burps alony.

DR. ELESSET: The lowered loop plant docesn't do this.

MR. SHERON: That was not calculated to do this
intermittant repressurization.

DR. PLESSET: 1Is this affected by the rate of .igh
pressure injection, for example, or is that guite inderendent?
Is that not supposed to be functioning?

MR, SHERON: Mr. Jones can help us here.

MR, JONES: Bob Jones of B&W.

Both plants exhibit this phenomena. The Davis-Besse
exhibits a somewhat cyclic behavicr. At present, we are now
attributing it to basically a larger column of cold water in
the stean generator on the raised loop arrangement, which gives
you a greater potential to reestablish natural circulation.

DR, PLESSET: Sc you have a somewhat mcre effective
heat sink is what you are saying, if I understand.

MR. JONES: Basically, it is not the heat sink per se
here. With the lcwered loop arrangement, you only have a driv-
ing head from about the midpcint in the generater up for natu-
ral circulation. You have the whcle generator column.

DR. PLESSET: What cther assumptions gc into the

calculaticn that are important? Can you say? Do you assume

2;!9 ‘t‘ L
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you have a break?

MR, JONES: Yes.

DR, PLESSET: It doesn't matter where it is?

MR, JONES: If the break is in the top of the hot leg,
you ==

DR. PLESSET: It would be gquite different fiom, say,
a stuck-cpen valve.

MR. JONES: It would be somewhat different. It i3
break-size dependent.

DR. PLESSET: In addition, you have break location.

MR, JONES: As long as it is in the cold leg piping,

yocu woul? see roughly the same phenomena occur with the same

| break size, whether .it's in the pump discharge piping or the

suction piping.

If it is in the hot leg, i1t is possible you mighi see

| a system repressurization dependent on the break-size, but it

should not go as high bacause of the ability to vent steam
directly ocut the breax.

DR. PLESSET: How sensitive is it to the rate cf
injection? What assumption is made there?

MR. JONZS: The analysis assumed the availability cof
only one of tho high pressure injection systams.

DR. PLESSET: Fully operating?

MR, JONES: Fully operating.

In the case ¢f the analysis, since we put the break

219
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in the pump discharge piping, we are losing some portion of the
HPI £luid through the break directly. The amcunt of the re-
pressurizatiecn would be somewhat dependent on the injection
£1. ; because, if you have more injection, you will possibly not
even see the repressurization bhecause you would match the leak
rate earlier,

DR. PLESSET: 1 think Harosld had a comment.

MR, SULLIVAN: Wouldn't you say the effect is calcu-
lating the level and trat height is very important on how tnis

£fects the circulation?

MR. JONES: I wouldn't want to characterize it as
very important. It aoces, however, control the phenomena.

.

As far as its impact on the actual calculation, if.
ycu had a taster bubble rise, you would interrupt the circula-
tion scmewhat :arlier and start the repressurization. From
roughly the same point the system is already down to 1200 psi
and vou would repressurize until you drain sufficient vclume
from the system to establish a condensing surface in the
generator.

The actual dynamics of the slip model, as long as it
is reasonable, will give ycu roughly the repressurizaticn ycu
shoulcd see.

MR. SULLIVAN: Let me rephrase that. Haa BaW checked
their bubble rise model against any data to see how well it
might calculate the two-stage level?

2 / Q L .;
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MR. JONES: Our bubple rise model has oeen checked
within the vessel region. We used the Wilson bubble rise model.
We have checked it versus some level swell tests that have been
performed by Westinghonse on GE-Hitachi data.

MR. SULLIVAN: Now you use it in the pipe, is that
rignt?

MR. JONES: Correct.

DR. PLESSET: I think you hac a questicn.

MR. ZUDANS: I would like to understand this complete~
ly. In this configuration, there is a greater tendency of
gyclic behavier than in the other configuration, and if sc,

doesg this cyclic behavior exhibit stable appearance or unstable

-
|

appearance? Does it grow in amplitudes cr reduce in ampiitudes |
bere? How do you get out of it?

MR. SHEERON: I have a couple of slides on that.

DR. PLESSET: All right, I think Ivan and then Harold
next.

PROF, CATTON: Does soclid water occur before you
r-turn to natural circulation or do you have tc condense all
the steam ocut of the candy cane anéd steam generatcr befcre you
can return the natural circulation?

MR, JONES: I don't realily understand your guestion.
If you mean within the very short time that these an:lyses have

been performed, for over the first hour you do nct return to a

solid configuration?

J
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~
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lrw 1“ PROF. CATTON: ‘That's the answer I was looking for.
2! I am wondering how, ycu initirte the natural circulation process
2| when you have a lot of void in your system, particularly if the
4 | top of the candy cane is vocided. 1If you don't condense that

5| bubble out, how do you start it?

R MR, JONES: Basically, this is a terminology probiem.

7 I was warned not to call it natural circulation and I messed up

2 there.

!
9f PRO™. CATTON: 1'm not bothered by you calling 1t
10 | natural circulation.

in the U-bend in the 10t legs, you interrupt the heat removal

|
|
" i MR. JONES: What happens is when you get the bubble

( 13] from the ¢ aerator. We can use that term. As yo drain the
14| gystem because of the break, you will slowly decrease the level
15 in both the generator and hot leg. At some point in time in
16 ' the transient, you will uncover the auxiliary feedwater injec-
17 tion nozzles or you will hring steam in contact -- steam will
3 be in the tubes of the generator at an elevation where the
19 auxiliary feedwater is injs~ting and then you would start to
20 | condense steam, This is whe we are calling the natural

21 egirculation as an end-phase in the reflux boiler mode.

a2 PROF. CATTON: You don't mean going back intc

L]
(8%}

natural circulation 13 we normally mean. You mean initiate

¢ condensation. Your cyclic behavior is geing from conuensation
wce-Fegera Reporters, Inc. |

25 ¢o no condensation.
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MR. JONES: The cyclic behavior that is exhibited for

Davis-Besse is of two forms. The first repressurization that

occurs is stopped due
the hot leg due to steam being created in the core and then

into tne hot leg and raising the mixture.

#0 a two-phase mixture being built up in

That overflows into

the generator, establishing the generator again as a heat sink

and brings the system pressure down.

Later iato the transient, we a.: no longer eble to

support the columnar mixture in the hot leg up above the U~bend

and we create the bubble again, start repressurization, and we

come out of that repressurization in the ccndensation mode.

We go into a condensatjon heat transfer at the end of that

repressurization.

PROF. CATTON: I followed about one-tenth of that.

MR. ROSZTCOZY: Maybe a little background is needed.

The so-called cyclic repressurizaticns do not represent a large

number of repressurizations occurring. In one case,

ec

loop case, it goes through a single repressurizatica and

then depressurizes again.

on

-

ti.2

lower-

In the raised loop case, I believe it gces through

two, and that's all.

PROF. CATTON: How important is the steam
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removal during a small break accident so it plays an important

role. Calculations have been performed as to what would be the

case if it was not available for any reason, and in that case
there are other ways to remove the heat.

PROF. CATTON: So the steam generator doesn't matte.,
then.

MR. ROSZTCOZY: No, I didn't say that. I said the
steam generator is the normal mode, and that's what you would
like to have.

If you don't have that, then you can remove the heat
by other modes, which is maybe not the favori-= mode, and there

may be a time limit before something has to be .lone.

PROF. CATTON: We want to stick with the most favcred'

mode, using the steam generator. How sensitive are the results

to the ability c¢£f the steam generator to remcve the heat? 1In
other words, if I take and decrease the present efficiency that
would result, from looking at the B&W analysis, in about 50%,
is that a lot or a little?

MR. ROSZTCOZY: A steam generator 13 mecre than ade-
guate to remove all the heat, so it is no problem in terms of
removing the heat if auxiliary feecdwater is available.

PROF. CATTON: 5S¢ you don't have to be very careful
here ==

MR, ROSITCOZY: It matters to the extent there arse

certain physical phenomena going on here. Unless you are
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careful, you can completely mask that.

For example, the

44

interruption of the natural circulation mentioned here does not

show up if you use the steam generator carefully.

be careful to the extent that you are modeling the actual

physical phenomena.

remove will al..~ somewhat the course ¢f the transient.

conclusion, which is measured in terms of water level available

You have to

Beycnd that, exactly how much heat you

It seems to have relatively little effect on the final

in the vessel having covered the core.

are two models of the steam generator used by B&W.
them are, in my view, extremely simplistic,

they could represent much physical phencmena.

PROF. CATTON:

they are adequate?

MR. ROSZTCOZY:

Both of
I don't see how

De you think

Each of these have been described up

to now as being arrived at in physically thinking about the

system,

formed.

'

exrring

-

losel:

O
b

been described in Dr. Michelson's report twc years ago.

seeing what could
The calculaticns

to confirmed each

happen.

The calculations were per-

for one of those models you are re-

cf these and

their expected behavior.

These are alsc the same physical pnenomen

that

fcllowed reasonably

have

So,

inéependently, which cne are we following? OQur own thinking,
Dr. Michelson's work, or the calculations?

The conclusions seem to be

the same. 3ased on

At present, as far as I can tell, there
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our judgment is that the present calculations are pretty good,
representing the basic phenomena.

I mentioned in this review we didn't stick to the
exact requirements of Appendix K. Before we would consider
this matter an approved matter, we regquired more sensitive
studies on the representation and noding of the steam generator
and, after that, gave our approval for this model. We expect
more work on it.

PROF. CATTON: I gather the physical processes of the
steam generator are not important. You said the B&W model
gave adeguate results. That's a two-ncde, single-heat transfer
coefficient, ;ingle-temperature kind of model. -

If that gives good predicticns of what behavior should
be, the rest is probably not important.

MR. ROSZTCCOZY: Let me start again.

PROF. CATTON: That's okay, I heara you.

MR. ROSZTCOZ2Y: Certain physical phenomena, the model

Ll
lal

hac to be suffi

0

iently detailed for thocse. One of the B&W

mcdels you a referring to dia not predict an interruption

13}
10

irculation. That was not sufficient.

3

of the natural

0O

PROF. CATTON: Which one was that?

MR. RCSZTCOZY: The one which did not have an extr
node on the top of the candy cane in the upper plenum area.
When the extra node was inserted, the physical phenomena was

predicted from there on, and we believecd we had a reasonable
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Our present judgment is that it will make some

lrw V! answer. Questions still exist 1n our mind how much difference
‘! |
2ﬁ woula be introduced in the calculations if tne model is further
E | detailed.
[}
‘ ]
!

5| difference but we are not seeing any significant difference,

¢ ' neither in the physical phenomena nor the final result, which

7! is the water level in the vessel. You need a certain amount of
32 detail once you arrive at an acceptable level and further re-
9¢ finement from there would make relatively small changes.

10 PROF. CATTON: That would be fine but it has tc ac

!
“l with the piping system tube of the steam generator and not the
|

2] details of the steam generator, itself. -

( ‘3k MR, ROSZTCOZY: The interruption is due to the bubblev
1 | formation at the top. This has to be correct 2t the location
]sd where it could form. It has to permit it.
16 |

As mentioned earlier, the heat transfer area cof the
17 steam generator is a lot more than what was needed for this
‘g purpcse. There are some differences in how you mocdel the heat

transfer.

<C PROF. THEOFANOUS: The way I understand your response,
! Zcltan, 1is that you more or less decided beforehand -~ before

«¢ |l you did the calculations -- what you really wanted to get cut

of this, what you expected to happen, and used that as a

-

24
Ace-Fegers Reporiers, Inc.
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criterian tc justify whether the calculatiocn was correct or nct.

That strikes me as puzzling.
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In view of the fact you have zll kinds of capability

to run calculations -- detailed models =-- why can't you use

some of those to do a reasonable job instead of pre-judging

things on a model judgment and then running out a very crude

calculaticn and saying:
get, and everything is fine."

MR. ROSZTCOZY:

“That's what I expect,

that's what I

mind what vou expect -- what kind of respcnse you expect ==

from a system is, I believe, a very important step.

as important as doing the actual analysis.

As it turned out in this case,

-

different reason.

that was done for a

done by us; it was done basically by B&W.

The reason was, simply, time.

It wasn't

In order for them to be able to arrive at guidelines

on the time schedule they set out for themselves,

they

-

together a task force -- a relatively large-sized task

put

forec

e

including people of various disciplines; including some people

£rom the analvsis area, including people with system cesign

experience, pecople with operating experience and sc

This group was wcrking in

the

guidelines. They did not have the tinme

letion of the analysis method in or

0

1
3

PROF this

X

[
¢

. THEQFANOUS:

.

lenged answer -- which I am not very

all the details. In the interest cf

de

3}

on.
paration of the
wait for the ccm-
start their work.
e giving a very p
nterested in == w
I recognize this

"

(8]

(=E

ir
.
-

[

The first step of evaluating in cne's

It is just

(23
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I'm sure you can do them, or people working for NRC can do these
calculations. In view of the urgency of the problem, why don't
you do something about it?

MR. ROSZ2TCOZY: You will hear later in the presenta-
tion what we have done. We have used for our calculations the
most advanced version of the code that was available. That
will be presented later today. That's Nerm's presentation.

In terms of what can be done by other codes, like the
TRAC code, I believe they are trying *o do a calculation for
the Three Mile Island case. We have reguested a calculation
for similar type things, not related to this. It is related to
one of the other problems we ran into last ;ummer. They re-
guested a calculation to be done by the TRAC code in Octocber o~
November of last year. It is still not complete.

Some cof these complex codes, in terms of producing
results when needed, are not necessarily at the pocint where you
could get thecse results from one week to another.

MR. ZUDANS: Along the same line, I understand that
you expect certain things to happen, and it is nice to be able
tc confirm it by whatever analysis model yocu use, but what
physical actual experiments or actual behavicr in power plants
de you have information on that indicates the actual behavior
in response to what ycu expect it to do?

MR. RCSZTCOZY: Each of these models are being built

up from -- let’'s call it submodels. No.mally, there is

217 063
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experimental evidence available to check on *the individual sub-

models. Mr. Jones was referring to some ¢f those in connection

with bubble rise and so on. In addition to trying to check

each of the submodels, there is emphasis on integral tests once

you tie together all the submodels and try to check this
against available experimental evidence.
The one that was used here was Three Mile Island.

I believe we will see some of those curves here today. The

other integral experimental program where data is available 1is

the SEMISCALE experiments. There was cone SEMISCALE experiment

run a few years ago, which was selected as a standard program
for si.all breaks.
Compariscns were made between that test and the

calculations. We learned a number of things, which were

encouraging. There were some negative aspects in those compar-

isons. Because of that, additional tests were reguested Zfor

small breaks.

New small break tests were run last winter. At

was a reguired calculation. We regquired each of those

who have approved evaluation models to perform a calculation

the small Because of some other compli-

&
sor

catiocns, like scheduled, and then TMI-2, the

schedule of this calculation has been scmewhat delayed. The

schedule was to be finished by early July and each of the

vendors are performing these calculations -- blind calculaticns
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since then.

I believe some cf them indicated some delay, so it
might not be available early July, but I think definitely
during the summer we will have these calculations and we will
compare them against the data.

MR, Z2UDANS: I understand. That's very nice. My
guestion was mainly directed to this: Remember, you mentioned
there had been five small breaks, essentially, that have
occurred -- five small breaks in actual power plants.

MR. ROSZTCOZY: Four.

MR. ZUDANS: Okay.

0f these four, how many of them have been recorded
adeguately enough to be useful tc evaluate these calculations?

MR. ROSZTCOZY: As far as I know, only one is what
would be useful for this type of thing. That's Three Mile
Island 2. That is the one that has been used for this purpose.
Some of the others happened at low power but there had been
another case like Three Mi's Island, and that was electrical
failure, but that was during startup tests when the reactor
wasn't at power yet. The second case was nine percent power.
It was a very low power case.

Therefore, the conseguences and the informaticn

ot

available from that is not challenging here. The only one that
is a challenging tvpe set of events would be the Three Mile

Island 2 event.

A,
D
o
™
o
(1
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MR. ZUDANS: Even in Three Mile Island, I guess you
would not have detailed enough information to make any judgment
with respect to whether ==

MR. ROSZTCOZY: Three Mile Island 2 wasn't an experi-
ment and you don't have all the information you would like to
have. This creates certain difficulties.

Nevertheless, there are a number of things you can
learn from Tnree Mile Island. Looking at the beginning, you
can check whether you are reasonably indicating the depressuri-
zation. In another aspect, the pumps were running relatively
long -- one and a half hours or sc -- and then the pumps were
turned off. One item would be locking forward to seeing
whether these codes can correctly predict for times shortly
after the time the pumps were turned off.

We tend to use as part of our review the calculations
to be done in the near future to evaluate the benefit of running
the pump or not running the pump.

PROF,. CATTON: One more gquestion. I heard from
several pecple statements abcut the need for these and how the
process is basically a gquasi-study process. You can do a
series of calculations and get reascnably gooc results. If
that's the case, why the devotion to the big ccdes, which may
have their own problems as far as the small break is concerned?
Would you care to comment on that”

MR. ROSZTCOZY: The main rsason why we are going €O

219 066
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 all phenomena that would play a role. By using this cocde, we
3| could evaluate problems that they are faced with. Every time
they are faced with some unusual situation, either from calcu-
lations or experimental evidence, we could use this code tc
61 really understand that.
7} We have such a code. If such a code has been veri-
,
. fied against data in the future, that code could be used as
|
| our standard. When we go to simplified codes like the one we
10 | are using here =-- or hand calculations, if you wish =-- those

1 simplified calculations can be checked against the more

121 elaporate codes and verified by the more elaborate codes.

/ 13| That's the main reason we need elaborate codes.
e We also need them for a seceond reason. That is
15| simply to supplement experimental programs. I am sure you are
16' familiar with our experimental programs By not being able to
17 run full scale tests in this area on the complete system, the
8 | experimental program combines together various sets of tests.
This necessitates the use of the computer code. That's a seccnd
20 | use of it.
These are probably the twe main reasons for the
22  complex code.

< PROF. CATTON: My concern is the use of codes rather

pl|
ice-Federsl Revorters. nc.
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£ DR. PLESSET: I think you asked more directly: Could
-

than thinking.
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one do this with very simple analyses, get the answers to the
small break failure with very simple analyses rather than with
large codes? That was the gquestion.

The answer was yes or no?

MR, ROSZTCOZY: We can do calculations with simple

analysis. We have done it. When we ccmpare 1t against experi-

mental data, we are getting relatively large uncertainties.

With the standard problem I mentioned -- I believe it
was Stindard Problem & -- a report issued approximately a yvear
ago shows even the depressurization rate is not correctly pre-
dicted by most of the calculations. As soon as ccld water is
introduced into the system, a learge amount of ECCS water comin§
intc the system, the code behavior doesn't match up with the
data. There is need for improvements. Activities have to be
modeled in these sinpler ccdes.

DR. PLESSET: You are saying the codes don't predict
the behavior correctly. What about simplified analyses? Would
they do as well?

MR. ROSZTCOZY: That has the same problem.

DR. PLESSET: Are they better or worse?

MR. ROSZTCOTY: Well, the subject now touches a

lLittle on this. Dr. Michelson, by doing the simplified analy=-

L
w
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ses, it was sufficient to pinpoint the various physi
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nomena you expect to play a rcle, but it was not

predict the transient behavior of a given system for thi:s case.
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The analysis was steaay state of each point. It just didn't
have the capability to follow exactly through on a transient.

BsW, when they addressed this problem, did that
second step, the only difference being they did it with a
computer code as opposed tc the simplified calculations. They
were able to carfy it one step further.

It could be zarried one other step further by using
the complex code. One day, we hope to do that. Right now, we
don't have the capability to do it in a short time.

PROF. CATTON: At the outset, they found there was
no problem. This demonstrated there could be a problem. I'm
afraid with huge, big codes you get caught up in these and you
lose sight of the forest for the trees.

MR. ROSZTCNZY: The complex code has not yet been
used for this purpose sc there is no result from the complex
code. We don't know what 1t would predict. That hasn't been
done.

PROF. CATTON: Relative to what Dr. Michelson -~

PROF. THECOFANOUS: This is a very important subject.
I woula like tc make my views known.

DR. PLESSET: I think sc, too. That's why I'm
letting ycu all ramble con.

(Laughter)

PROF. THEOFANOQUS: think there is no substitute

for physical insight. On the other hand, it is oversim

"1 Q Q

i/
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to think we can do very well just by simple hand calculations.
It is useful to do these things, but my feeling is that as the
break size decreases, the need fo' a detailed, very well-based
system calculations increases and becomes much more difficult.
t is much more difficult to calculate a small break than a
large break.
0f course, where things settle down, there, of course,
everything 1is very gquiet, but even in that case I'm not sure
you can do a difficult job by simple means. I am in favor of
well - founded system calculations.
DR. PLESSET: I don't think anybody would be against
a well-founded calculation but I would like to italicize that
"well-founded.” This is a concern. One doesn't care very much |
if the calculations take a week if they are going to give you
good results. If they take a weekl and give you guestionable
results, you have wasted a week's time.
PROF. THEOFANQUS: The pecint is what can do the job.
I feel, short of a very detailed calculation, you jus* can't do
the job at all, except to just scrub it out by hand calculations
as you would with -- you have to deal with severe phenomena,
severe mixing effects. If vou do a small scale experiment and
try to calculate that, unless you do a very good jcb in portray-
ing those effects, you will come very much off. cu cannct get
credibility by just saying 1 think that's the way it will go

and here is a simple calculation. I think that's inadequate,

~o
o
-
o
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PROF. CATTON: On the other hana, the small break
pecomes, of course, much more dependent on operator action. If
you don't appropriate operator action into the scheme of things,

your small breai analysis -- independent of the kind of
cnde you use -- is open to question. Incorporating the two will
be a very difficult task unless the program is simple.

I feel that properly incorpcrating operator action
with a reascnably simple ccde will give you more believable
answers that are probably closer to what occurs than if you
have an extremely complex code that runs by itself.

PROF. THEOFANOUS: I don't agree with that. As I
said here in the TMI-2 meeting ten days ago, it is crucial that
you make these codes =-- you can't just run through it. You
incorporate the action and sit down and think about the results
and try to do small hand calculations. However, you zan't
integrate all those things in your head. You will miss the
point completely. If you can't put -he phenomena there, you
can't tell the operator what to expect.

DR. PLESSET: Any other comment in this area?

MR. ZUDANS: Just ¢cne comment. You can put up an
interaction in any code; no problem at all.

DR. PLESSET: The gquestion is whether it still has
meaning.

MR. ZUDANS: I don't think there is a reason to

believe that both kinds of codes are mutually exclusive. They
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are both needed.

MR. SHUMWAY: Dr. Michelson haa predictea, by hand
calculations or his own intuition, the pressurizer being full
of water. Well, the core was uncovered and the SEMISCALE data
showed that this, indeed, could happen. I was wondering, have
these coces predicted this phenomena?

DR. PLESSET: I think, if you have that type loop,
vou don't need to make any calculations at all. You could say
vou have a situation like what occurred at TMI, put that on
the board and look at it, and see if you can get this kind oi
lack of connection between water level and the core, and water
level in the pressurizer. You don't need SEMISCALE for that,
either.‘ It didn't show that.

MR. SHUMWAY: Do the codes show 1it?

DR. PLESSET: That's a good guestion. think it
should.

MR. ROSZTCOZY: These were the ones I used for small
break LOCA analysis. Theyv have just one surge line repre-
sentation and counter-current flow is normally not permitted in
the surce line., As soon as you put the break into the pressur-

izer, like cpening up the relief valve, then the flow will be

3

the direction of the break and the pressurizer is not going

(&
.
.

to drain in the calculation.
MR. MICEELSON: What happens if the break is in the

cold leg?
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lrw l' MR. ROSZTCOZY: Then the pressurizer 1is going to drain
2; in your calculations.
3% MR. MICHELSON: Do you really believe that?
4{ MR. ROSZTCO2Y: Then you have to go to the actual
sf design to see just exactly what is the pressure distribution
61 in the system. If you have a U-shaped type of surge line, the
!

7. pressure condensation will determine how much drainage you

recollection is, in the past, 1t was not mocdeled. There wasn't

8{ have. It will be calculated both in the pressurizer mode anc
95 also interconnected into the system.

H
10} The second complication that comes in is how detailea
"j the representation of the surge line is and whether this U-typ.
12‘ of arrangement has been modeled in the calculations. My

|

1

14 | another one tc show the U-tube type.

15| MR. MICHELSON: “The guestion was: Did your codes,

16| in the past, show this effect -~ in particuiar, for a cold leg
v preak =-- and I guess your answer is that they did not, is that
18 | correct?

19 MR, ROSZTCOZY: For a cold leg break, the pressurizer
20 is expected to drain.

21 MR, MICHELSON: The code caiculation showed that it
22 | drained.

23 MR. ROSZTCOZY: Yes.

24 MR, MICHELSON: I heard several minutes of exp.ana-

ice-Federal Reporters, Inc. |
23| tion which said that, depending on how you do all this, it
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might or might not drain. I am totally confused by your answer
at this point.

MR. ROSZTCOZY: Let's take the case when you have the
break in the hot leg, say; in that case, these codes do not
drain the pressurizer. ‘“There are some calculations on the
record, which have been performed for that case, which show
that the pressurizer didn't drain.

When you take the case ot having the break in the
cold leg, then the pressurizer aoes drain, both in the code and
alsoc in the real situation.

The only gquestion in this case can be whether the
drainage of the pressurizer occurred in the right time
seguence. Since we don't ﬁave actual data available, we clear-
ly can't compare it to anything. The only possibilities may be
in SEMISCALE.

MR. MICHELSON: Your answer is what the code told you.
Have yvou thought through the process and determined that, ves,
indeed, the pressurizer should drain if the break is in the
ccld leg?

MR. ROSZTCOZY: Yes.

MR, MICHELSON: You are satisfied that that is the

1

ituation, then. I am a little concerned that that's the

L2

correct answer i1f you properly account for heat losses in the

pressurizer, thi

n

sort of thing, but it appears entirely

possible to continue to support a cclumn of water there with
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the steam pressure on the U-tube, sc the real physical phenomena
is present there to support the water column, and only under
idealized circumstances could you probably dump it.

MR. ROSZTCOZY: As I mentioned earlier, in this
calculation, number one, the U-tube doesn't exist in most of
the designs; only in some designs. My recollection is that,
for those cases where the U-tube did exist in the design, the
small break model wasn't sufficiently detailed to have the
U-tube there.

If the U-tube is not modeled, obviously, you don't
expect tc see that.

However, I think the code has the capability to
handle it provided it is properly moéeled.

MR, MICHELSON: 1I think we are getting clcse tc the
an wer now. I have been confused. I think you cleared it up.
What you are saying is that you never modeled the loop seal
into the calculation. Therefore, that would be what you would
then expect. But the answer, then, is that your codes didn't
precict it because you had not cor:ectly moceled the piping
configuraticn into the code, is that right?

MR. ROSZTCOZY: For the small break in the coid leg,
ves.

Now let me go to Beb, who wanted earlier toc say

DR. PLESSET: Thec wanted to make a comment. It will
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lrw ‘! be short.
ZE PROF. THEOFANOUS: This 1is a good example of the need
3? for detail. I want to bring out twec possible complications.
|

‘; One is the model of the flow into the pressurizer and
5f the relative velocity between the steam and the water. Your

6! flow is going this way and, presumably, at some point you will
7{ be zushing the flow in there. I would like, later on, to see

af how you will be dealing with that.

!

9i Also, another item which maybe you can tell me some-
|

10 thing 2bout: I heard from somebody that apparently there is an

" idea tha:  there were three-dimensional effects i1in the core at

2
]
‘2J TMI-2, that this is an indication that was obtained from
|
|

( 13 different instruments. If it is true, it poiﬂts to rather
1‘f severe ccmplications that can result from a low flow small
'Sf break.
16 :g

I hear people saying they think three-dimensional

7 effects were developed along the axis of the core very homo-

18 geneously, like fingers going intc the core with the ficw being
diverted hecause of the pressure reguirements. These are some
20 of the real complications I envision. I am sure there are many
more that can result £rom this kiné of situation where very
simple means cannot give vou the answer. You have to model

e them well.

24
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DR. PLESSET: Did vecu want to make a short comment?

MR. JONES: I will make it short.
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DR. PLESSET: We are progressing backwards in time
schedule-wise.

MR. JONES: I would like tc just get in two comments
on the pressurizer drain during the cold legy break. I believe,
for most breaks, it will not exhibit the repressurization due
to the interruption of circulation. You will drain the pressur-
izer completely.

Now in these breaks which have a repressurization,
initially the pressurizer dces drain, but during the repressuri-
zation, we do see a £filling up of the pressurizer ancé the
pressurizer level, in fact, is aimost an indicator of the system
pressure transient. It is the shape that it takes. I think
that is physically the real situation.

MR. MiCHELSON: The only pcint I would make on that
is that this is the likely model by which the pressurizer gets
refilled. Now the subsequent and final draining of that
pressurizer, as the level slowly drops down to the top of the
core, has tc follow scme other kind of story. The pressurizer
nas now ccoled cf£. It has nc heat input to it.

DR. PLESSET: All right, let's take a ten minute

reak and collect ocur thought.

(Recess)

DR. PLESSET: \11l right, would you continue?

MR. SHEZRON: Sure.
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I was going to say one thing. The staff aoces do hand

caiculations. I just want to say that. I spent many hours
checking B&W's analyses on their small break and how much mass
you can get out of the system. Most of it is done to check on

a very guantitative basis the results that we get from the large
codes, and many times you don't see those calculations.

DR. PLESSET: Don't say too much. You might get into
trouble again.

(Laughter)

MR. SHERON: I just wanted toc make that point.

BaW performed some analyses repor-=d in the big blue
bock for .0l square foot and .005 square foot breaks for both
177 fuel assembly lowered loop and 177 fuel assembly raised
loop plants. They used a CRAFT code running calculations to
3000 seconds.

For the lowered loop plants, no cyclic repressuriza-
tion was cbserved. Once natural circulation was initially lost,
the hot leg U-bend did not refill and they went cver to a re-
flux node cf heat removal.

For the raised loop plants, the cyclic repressuriza-
icn was calculated to occur -- and I think, as has been pre-

t occurred three times in their calculation ==

0
S
n
bt
b
n
v
o
£
b

ana finally, at the end, they transitioned over t¢o the reflux
beiling. The ccre uncovery was ncot calculated to occur.

MR, MICHELSCON: What do yo wouid be the effect

[+
it
o 4
e
o ]
E
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of, instead of spraying the tube bundle from the top, you flood
the tube bundle from the bottom? Will you discuss that later?

MR. SHERON: I can point it out guickly.

(Slide)

With the lowered loop plant, where the auxiliary feea-
water is sprayed in, if you will note a level here in the core
that -- in other words, it's dowa around here. I think the
normal operating level for these steam generators 1is down 1in
this area. With the pumps off -- let's see :f I get this right
now -- the auxiliary feedwater comes on at this level and goes
down to one-half cf its normal operating level.

What woula happen is that you would still have your
sprays coming in and you would have a condensing surface avail-
able before the core would ever uncover. Rememper, there 1s
preséure equalization here and here because of the vent valves.

MR. MICHELSON: I was thinking mostly in terms of the

cyclic repressurizaticn effect, the idea being that you have to

[

wait a while to get down to condense at the lower part of the
steam generator. You have to drain quite a bit of £luid from
the system before that would be possible. Does this show up ©n
the calculiations as mcre cycles or what?

MR. SHERON: I don't believe it does. I don't think
it exhibited any massive repressurization.

MR. JONES: The cyclic repressurization, if feeding

from the bottom of the genrator -- the auxiliary feed to the

2/? 079
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bottom of the generator =-- would prcbably not show up because
of the time reguired to refill and get a large cold driver head
to try to repush that across the hot leg.

MR.

MICHELSON: It repressurizes and holds there?

MR. JONES: It would repressurize, probably a little

higher, and when you got the condensation surface established

again, you would come back down tO pressure.
MR. SHERON: This is the calculation of the core

pressure versus time for the raised loop small break. You will

note that you get repressurizations here, here, here and a
small one here.

(Slide)

This is the intact loop hot leg mixture level versus
& 4

time. you will note, vou will see a line here which shows

the natural circulaticn point. Thie is the lower point on the

U-benda.

(Slice)

If you overlay these -- let me line these up properly
here =-- ycu can see that ycocu get the repressurization shenome-

ncn. The pressure starts increasing every time the hot leg

mexture level drops below the natural circulation point or

below the U-bend.

At this point here, you would see repressurizat:
where it drcps and right here, where the pressure -- here .t is
above. So ycu get depressurization.

- (, ,\..,
¢/7 05y
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2] You start to repressurize. You get a level recoverv which drops
3 ie again. You get another point where it drops. YOou get re-

4 | pressurization. Finally, you get into a reflux boiling mode

5| and the pressure remains essentially constant.

6f MR. MICHELSON: Do you have wurves indicating what

7! the bubble size or growth might be in the top of the reactor
8| vessel during this corresponding period of time?

9f MR. SmRERON: I don't have any curves.

‘°§ MR. MICHELSON: Do your calculations show the growth

"{ of the bubble during this period of time? When you stop the
|

121 natural circulation, it will rise rapidly and the bubble at the
{ 13§ top cf the vessel will expand rapidly.
14 MR. SHERON: The calculations were performed by B&W

| .
’5; and their repocrt did not contain actual curves of the buoble
6| and its behavior versus time in the upper head. I don't have
those curves with me.

18 MR, MICH

11

LSON: I guess B&W might want toc elucidate a

n

t. I assume there is a bubble osciliating in the top ¢f the

head corresponding tc these oscillations.

! MR. SHERON: ©Oh, we have a curve; okay.

This is inner vessel mixture height versus time. Let

24
\es-Fegeral Reporters, Inc |
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me see if I can overlay that pressure trace. 1Is this the same

break? All right.

279 (%8
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(Slide)

This darker one here was the system pressure. Here

was the vessel heigth.

his.

point.

means the

MR. MICHELSON: Could we get a copy of that?

MR, SHERON: Yes. Mr. Audette has copies of all of

PROF. CATTON: What is that level relative to?

MR. SHERON: The relative elevation here?

PROF. CATION: It shows 7.4 feet natural circulation

Not this grapn.

4R. SHERON: 1I'm sorry, you mean cn the vessel?
(SLide)

PROF. CALTTON: Wwhere is this level?
MR. SHERON: This is in the top of the candy cane.
PROF. CATTON: When it reaches that top point, that
candy cane 1is £full?

MR. SHERON: No.

PROF. CATTON: Where is the top ¢of the candy cane?

MR. JONES: When it reaches the £flat portion, it 1is

nct saying the candy cane is £ lled with liguid, but by a two-

phase mixture.

the bottom of the uppermost point.

It is really a mixture level in feet.
MR. SHERUN: VYou are talking about this point as the

The elevaticn of that £lat speot is at
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2‘ natural circulaticon point is the bottom of the bend.
3 | PROFESSOR CATTON: So your bubble rise model would

lrw ‘! MR. JONES: It will be actually at the top. The
I
|

4i shift this curve around guite a Dit.
f
|

5 MR. JONES: Yes.
6 PROFESSOR CATTON: 1If you ~hanged your noding to have
7| two nodes up there, it might change it a bit. If the hori-

8 | zontal node was much broader to allow more of the vapor to come

9| out of sclution, that would shift that. Would that be imgorrtant
10 if it shifted?

MR. SHERON: I don't believe so. We will get inte

12 that.
lah This is the next item. This s the time delay.
14f; (Slide)

|
‘SJ In other words, whe can uappen if I don't have decay
‘6f heat removal while the steam generator is draining. This is
17 the second item, by the way, on the second viewgrapgh. Once

18 | natura. circulation is lost, the steam generator lesvel is goin

]

19 to drop below the secondary level in order to commence with

20 reflux beiling.

&)

21 [n other words, the break is eventually going to drain
“e that level down until you expcse a condensing suriace and then
23, you can s.art the reflux boiling process. Durina this time

you haven't established this

fu

¢¢  while you are still drainin
«c»-Faders Reporrers, inc.

an

u

<2 | c¢ondensing surface, the cuesticn is: Woulc repressurization

279 085
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which will occur =-- or possibly occur =-- during this period in-
crease the break flow and lead to faster core uncovery?

If the pressure is coming up, then the break flow is
coming up and you would think mass might be leaving the system
Repressuriza-

faster, in which case you could drop the level.

tion in a generic sense -~ in other words, if I 3stop the heat
removal process and start to repressurize the system, I re-
pressurize up to a new balance point which balances the steam
being generated in the core and the steam being relieved by the
break, or, rather, I should say the mass being relieved by the
break -- I'm sorry, the volume being relieved by the break.

For decreasing break size, tne mass flow out the
break decreases and, ‘herefore, the maximum repressurization =--
in other words, that new pressure I would b= go.ng up to =--
would increase. However, the steam vclume in the core that is
generated in the core w;ll decrease with increasing pressure.

So this, in turn, says that, to a

number one, as I go

smaller break ana as I repressurize, the mass coming ouc ©f the

o

system is going tc decrease. I have a curve; I explain

ol

second.

One other point, too, is for the raised loop plants 1

U

must estakblish. a ccndensing ever have the

liquid level drop be.cw the I will have

a concensing surface in the exposed, in

which case the elevaticn of generator



)

70
and the elevation of the liguid in the vessel will both be
above the core and I will have a condensing surface establishea
here. I have vent valves in the system and this 1s because I
get the pressure equalization and the level stays the same.

For the lowered loop plants, as I explained previous-
ly, their auxiliary feedwater enters from the top of the steam
generator and the auxiliary feedwater started when the second-
ary side level drops below one-half normal operating level with
the pumps not running. If they are running, if it drops below
three feet,

It is a pit tighter if you look at the relative ele-
vations with the lowered loop plants from the standpoint that
vessel level comes clcser to the top cof the core before ycu get
a sufficient condensing surface for the lowered lcop plant.

In a- - case, you do establish a condensing surface sd
you can start the reflux boiling process prior to ever starting
to uncover the core.

MR. EBERSOLE: I don’'t understand that third state-
ment. Suppose there is no water in the secondary at all. You
will never get a condensing surface. Can ynu handle it then?

MR. SHERON: Postulating nco auxiliary feedwater?

MR. EBERSOLE: Yes,

MR, SHERON: That's right.

MR, EBERSOLE: You will never get a condensing sur-

£ace then.

/9 008



 lrw 1

10
v 11

12

( i

14 |

18 3

o Fecersl Reporters ing

as

71

MR, SHERON: This is premised cn the assumption that
I have auxiliary feedwater. I am not addressing a case of not
having that. |

MR, EBERSOLE: Will you address the other case?

MR, SHERON: I am not.

MR, ROSZTCOZY: I believe Mr. Aucdet*e is going to
aadress that case.

MR, EBERSOLE: Thank you.

PROF. CATTON: Before you take that off, can you track
those levels well enough in the steam generator? I have two
guestions. I wonder how well you can track the levels to know
when you have the condensing surface, and second, how is it
implimented? I looked at the B&W models c¢f the steam qenerator‘
and there is a factor code M sub T and i1t indicates this 1is a
time~-dependent modifier ancd multiplies some kind of constant.
How is that implimentad?

That number will take on a range of values gcing from
zero to big numbers to negative numbers. Is there something in
the system that calculates that?

MR. SHERON: I am nct familiar with the details of
the CRAFT model, especially in the steam generatecr. I den't
know whether Mr. Audette plans tc adaress it. B&aW is here;
they might be able to address it. I, for one, am not that
famil:ar Qith it.

PROF. CATION: Do you know what I

ferring to?

am re
27’9 08¢
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MR, SHERON: I think I understand that.

PROF. CATTON: It is called the time-dependent moai-
fier and covers all the physics of the whole process. I am
wondering what it looks like.

MR, JONES: It is just set to one and held there.

PROF. CATTON: That means it can't handle Item 3,
+hen, the condensing surtace, because 1f it is just set to one
and held there, then, basically, all you are operating on is a
Delta K, period.

MR, JONES: That's correct. We model i1t by separat-
ing the steam for this analysis. We separated the steam cut so©
that you have to drop the levels intc the generator before you
can ccndense steam. When the steam enters the generator, the
heat removal will then condense the steam and give you
essentially the same effect as having a condensing surface.

MR. EBERSOLE: Under full power conditions with this
superheat boiler, you don't have a discrete level on the
secondary side; you have a variable up the tubes and you have
to operate in scme simple mode like this since you can't see a
physical level, is that correct?

MR, JONES: Initially, at full power, that's correct.

MR, EBERSOLE: When you drop to very low power and
shut down, do you step-wise change tc an entirely different
moée? When you are not doing superheat.

MR. JONES: Essentially, that's correct.

2/9
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MR. EBERSOCLE: Does this suggest something to you,
Ivan? When they are running £flat out, they don't have this
discrete level.

PROF. CATTON: True, but as I understand your model ==
and I may be interpreting your CRAFT report incorrectly; I
already think I was looking at this a little incorrectly ~- you
are using Stear Generator Model 2 for this case.

MR, JONES: That's correct.

PROF. CATTON: 1It, in essence, has control only for
the level and the Delta T, and it has two nodes, a level cn
each node. I am frankly confused. You have two ncdes stacked
on top of one another. I am really confused.

MR. MICHELSO?: Let's not leave this yet. I wanted
to mention to Jesse: Jesse, this steam generator arrangement
for the 177 plant uses spray spargers at the top of the tube
bundles and that's where the heat transfer basically is taking
place; not at the bottom with whatever water might be left.

In the case of TMI, they didn't have any significant
amount of water laying in the bottom of the generator for nalf
an hour.

In ;he case ¢f Bellefonte, for instance, it is a
flocder. There, the water level is indicative cf the heat
transfer situation.

MR. EBERSCLZE: Even in that mocel, at full power I

don't think they had a water level =--
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MR, MIC 2LSON: Not at full power. There was no way
tc measure it.

I nad two questions but I don't want to interrupt the
train of thought.

" MR, JONES: I guess 1I'm not sure what the guestion
was,

PROF. CATTON: It says the raised loop plant's con-
densing surface must be established before core uncovery. I
look at your steam generator model and it eludes me how you
establish anything because of its simplicity. I don't see how
you are going tc get that kind of information out of 1it,

MR. JONES: I don't think the comment necessarily
applxgs,to what 1s being predicted by *t“2 model.

PROF. CATTON: I was afraid of that.

MR. JONES: Let me back up on that in a minute and
try to answer that concern.

I believe Brian is talking of the generic raised lcop
plant situation where you have a ccndensing surface before core
uncovery.

For the cperating units like Davis-Besse 1, it has
the sparger up in the high auxiliary feedwater injection. You
are not talking about a level per se for condensation.

PROF. CATTON: I hear about two kinds of steam
generators. Basically, one will cool early at the bottom and

the cther at the top when the auxiliary feed is on. Looking at

2/% 029
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the egquations in your mod;l, I can't see how that gets in there.

MR. JONES: You take care of it via the node.

PROF. CATTON: Your steam generator model has one
noce on the secondary side and two nodes on the primary side.
Looking at the equations, I don't see it. I don't know if
this should be pursued or not.

DR. PLESSET: I don't think we should just leave it
hanging either.

PROF. CATTON: Maybe they need time to pull it
together. I won't let it drop.

DR. PLESSET: Well, why don't you go on?

MR, MICHELSON: I have one gquestion. Maybe Brian can
answer it. For‘ngis-Besse, it has a considerably lower HPI
injection than for the other B&W plants of the 177 variety.
What effect does the lower HPI injection have on any of these
results?

DR. PLESSET: Did the B&W pecple want to make any
comment? Otherwise, we will --

MR, JONES: We are still werking on it.

DR. PLESSET: Good. I don't think we will want to
drop it.

MR. MICHELSON: I would like to near their opinion
relative to the HPI head alsc, since Davis-Besse is the cre
exception. Their pumps are apout 1600 or sc pounas as oprosed

to 2400 or so.
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MR. SHERON: The first thing that comes to mind is
for any small break that could be perhaps isclated, the pumps
will not repressurize the system up to any PORV setpoints.

The second would be that for the plants with small
breaks which repressurize, the HPSI flow into the system will
be reduced from other analyses with the higher head pumps.
This would probably lead to somewsat ¢f a lower inventory in
the system, I would envision. ;

MR. MICHELSON: Haven't the calculations been done
for Davis-Besse -- will they be done =-- with the lower head
pumps? Have they been done? Yes?

MR. ROSZTCOZY: The lower head pumps, one of the main
guestions is: How do you.qool the system if auxiliary foed-
water is not available? That will be discussed in the o:her
presentation.

MR, MICEELSON: What dcoes it do with auxiliary feed-
water available? My guestion was simple. Does 1* have any

real effect on any of these answers; the lower head pump?

is-

[#%)

MR. ROSZTCOZY: 1In terms cf the thing Brian is
cussing, the lower head pump will affect the transient but will
not affect the conclusion.

MR. MICHELSON: Well, it does affect the trans.ent.
Will we discuss it with auxiliary feedwater available? Are
there any curves available?

MR. ROSZTCOZY: I believe we have or~ calculation

2/9 (71
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lrw 1! with auxiliary feedwater 3vailable. That will be discussed 1in
2% the next presentation.
- ‘ MR. MICHELSON: All raght.
‘n MR. JONES: Let me yet back to tha steam generator
5ﬂ question, if you wish.
6! By noding up the steam generator, you can account for

|
74 the effect of the differences in the two neat transfer modes.
; In these calilculations done for the raised and lowered loop
°i plants, we broke up the steam generatcr model such that you
: have not had any steam come into contact with the =-- you will
not have the pctential for heat removal from the steam until
12 you drop the level below the auxiliary feedwater injection
( '3M nozzles; therefore, simulating the ;qndensation effect when
14| steam ent2rs into or below that elevation.

15 For the flooding situaticn, the auxiliary fe¢:dwater

‘°f essentially feeds from the bottom. You would model the nodes

S,
-

in a similar fashion, except your bottom node would be se: up
18 | go snat the control level on auxiliary feedwater would set what

® : .
' the bottom half ¢f the steam generator would be at, and then

e you would ramp down the heat transfer in the upper half of the
2 steam generater very early in the transient.

PROF. CATTON: This sounds a bit different than what

L]
()
I

n your written descripticns o. your steam generator model,

b
"
ir

24
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v things like an MC bar that taks care ¢f neat flow direction,
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ratios of liguid levels in both the upper node on the primary
side and the lower node on the primary side, all these differ-
ent things. What I read in the one-paragraph description
sounds different from what you tell me. Could you put together
something that describes your steam generator model as used fcr
this problem so I could look at it and understand it?

MR, JONES: Yes, that would be possible.

PROF. CATTON: Would t.at be appropriate?

DR. PLESSET: Definitely. They promised tc do i:t.

: PROF. CATTON: That would be better than pursuins it
here. Sometimes I don't know whether I don't understand his
\swers or “he doesn't understand my question{.

DR. PLESSET: I think they will do 1it.

MR. JONES: Let me rephrase it to make sure I have 1t
since you say I may not have understood thé guestion. Now,
basically, what you want is an explanation as to how we mode«:led
the stear generator heat removal during the small breaks.

PROF. CATTON: That's correct; particularly in crder
to get answers about time, you have to be able tc adadress gques-
tions like the condensing surface, where it is located and so
forth.

MR. JONZS: Okay.

PROF. CATTON: I would like tc know what ycur mcce.d
is that you have in the code for small breaks.

MR. JONES: Okay, I have it.

e |
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DR. PLESSET: I think it is back to you.

MR. SHERON: Briefly, let me explain one statement.

(Slide)
As maximum repressurization woulad increase as the
break size decreases, you can tell this from a simple volume

balance. Over here, I have drawn schematically the core steam

generation rate as a function of system pressure for a given

power level. It would decrease with increasing pressure.

The steam break flow, however, as the steam pressure

increases, wluld increase, which is shown by these curves for

different break areas. As you can see, as a break area in-

creases for a given pressure, the steam break flow would have

to increase.

As I go to a smaller break, I would be moving from

.1l to .3 and, by moving down, you can see, for the smaller
break, the equilibrium system pressure would have to increase

and also my steam break flow would have tc decrease. Therefore,

I would not get as much of th> _ystem for that type of

&

mass out
repressurization.

MR. EBERSOLE: In view of the fact they are told

ignore the pressurized level and let the pressurizer £ill,

preak will be handling some kind of twoc-phase mixture. I don't
understand abcut sticking strictly to the topic of steam flow
rather thaa to the topic of energetic flow cut the break,

which may be quite different, depending cn the guality of the
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zi MR. SHERON: I agree this is a very simplistic explan~-
3¢ ation. |
‘i DR. PLESSET: I think the point is that it is wrong;
o
5} not simplistic. That would be simple. It is just wrong.
5‘ MR, SHERON: I don't think it is wrong from the
7! standpoint of --
5’ MR EBERSOLE: The trouble is that you say steam flow
9 | over there. I don't know that that is the case.
‘oi MR. SHERON: -This could just as well pe mass flow.
" l PROF. CATTON: That won't suffice. It should be btu
721 £low. .
( 13/ MR. SHERON: I agree there is an energy balance but

141 one must look at a volume balance tc determine what the system
15 pressure would be.

16 MR. EBERSOLE: You have to look at the btu balance,
17! too. Just a volume basis confuses things.

18 MR. ROSZTCOZY: I think this would be meaningful in
the case where the steam generator is available. There, you

20 don'% really have an energy problem. Whatever excess heat is
21 left, but not removed through the break, can be removed through

22| the steam generator, sc that takes cars of the energy part.

23 MR. tBERSOLE: As long as you sustain macrocconvection,
4 MR. RCSZTCOZY: How far it would go, or where the

\ce-Federal Reporters Inc.
'S 2
= primary system presure would settle, are these cther parameters.
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With those limitations, I think this chart is useful.

this is incorrect. That

MR. ZUDANS: Qualitatively,

is not happening. That's gqualitatively; there is no guantita-
tive infcrmation on this slide.

DR. PLESSET: But the implications are what we are

concerned about.

MR. ZUDANS: There are cther things but this just

supports one ¢f the things he describead.

MR. MICHELSON: I think the point here that needs to

be considered, though, is that what one is concerned with is a

less ¢” mass from the system. That's how a core got unccovered.

I look 2zt all these charts in terms of predicting whether or
not I will be left with mass enough from the system to cover =

the core. I don't care about volume. I am concernec¢ about the

mass I lose.

MR. SHERON: There is one basic over-riding point ==

perhaps that graph should not even have been put up =-=- anc that

was the fact I established a condensing surface and reestaclish-

)

ed my hzat removal. I stopped repressurizing before the level

comes down to uncover the core.
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right here. I pointed out that the condensing surface must be
established.

MR, EBERSOLE: You have another exit.

MR. MICHELSON: I think all we are trying to do is to
predict whether or not we will get core uncovery before we get
the concensing surface established.

MR. SHERON: Geometrically, I don't see how that can
happen.

MR MICHELSON: The calculation you make is centered
on the icea ¢f whether or not I will lose .too much mass betore
I get to this, and get in trouble as a resulv. So, mass 1is the
thing that i am worried ~bout; not necessarily vojume.

MR, SHERON: You agree I ha ‘ent valve between
the upper plenum/upper head area and * egs, so I get
pressure equalization, so0 I can't get massive pressure buildup
in the upper head here.

MR. MICHELSON: Wwhat do you mean you can't get a mass
pressure buildup? The upper head 1s creating a system pressure.

MR. SHERON: I am saying any prassure buildup sig-
nificantly different than the pressure in the coclid leg upper
annulus, the vent valves copen and the steam will flow into that
and condense.

MR, MICHELSON: It is not quite that simple but,

the vent valves, indeed, will open and tenéd 4o egualize the

"
h
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elevations of the twc legs, except for the aensity di
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MR, SHEERON: If I have a level in the vessel, say, at
this point here, okay =-- or let me put it down her. -- then the
level on the primary side of the steam generator, it can't be
up here because I have tooc much pressure imbalance. It the
level * down here, I have auxiliary feedwater. I, by cefini-
tion, have a condensing surface.

MR. MICHELSON: I don't think anyone doubts that.
How fast do you get that? How much mass have yocu lost? You
continue to lcose mass before you get the event turned around.
Do you get it turned around before significant core .uncovery?

MR. SHERON: Just from this physical description, it
appears that there is'no problem. B&W performed the calculg-
ticns. Their calculaticns =-- I know there are guestions on
their steam generatcor mode.i -- have shown you establish a con-
densing surface and establish decay heat removal berore the
core is uncovered. I guess the evidence shows that there isn't
any problem we can envision. Do ycu see anything additicnal?

MR. MICHELSON: Nc; I jus

t

wanted to make sure I
understood wnat vour model was and this idea of wvolume balance,
which nas always been confus.ng to me, anyhow.

MR. EBERSOLE: That's Davis-Besse, isn't it?

MR. SHERON: Yes.

MR, EBERSCLE: 1500 psa1?

MR, EBERSOLE: The system would tend to rise if you

2
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clos:d it at 220u, Does this mean you must deliberately hola
pres."'re down to below 1lt00 for HPSI injection? You can hold
stable, can't you, with almost nc inventory change because it
is refiux?

MR. SHERON: Reflux beiling, right.

MR. ZUDANS: Can you point out where those vent
valves are located?

MR, SHERON: Right abcve the hot legs.

M. ZUDANS: Inside the vessel?

MR. SHERON: Yes. It is lixe the upper plenum and .
the upper annulus; cold leg inilet upper annulus. I think they
open about a eighth of a psi. Qery small pressure difference
will cause them to open.

MR, ROSZTCOZY: From the previous comments, it seems
to me vou are wondering what is the importance or value cf what
has been menticned by Brian. We are in full agreement with you
the final product is the level of tnhe vessel when uncovering
the core.

If you lock at Davis~Besse and the high safety injec-
tion very strongly sepends on the pressure of the system, the
velume balance will decide what the system pressure is. In
that sense, it can influence the mass discharge from the
system and also the safety injection influences the final
results.

MR. MICEELSON: I agree with you.
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One thing magiit be a little misleading here, which
you don't want to lose signt of. Just because the steam
generator can take out all the decay heat doesn't mean the
water level in the core isn't still dropping. The hole has
peen established. It is still there. It is taking a certain
mass out. It is varying with pressure, but all the steam
generator dces is help enhance the rate of depreciation. Mass
1s still weing lost and it takes a calculation to show you can
turn this arounc. It doesn't magically turn around because
the steam generator is now a condenser; only when your mass
input 1s greater than the mass removed trom the system.

MR, EBERSOLE: When you represéurlze above 1600,
where will you get your make-up water from?

DR. PLESSET: Repressurizing to above 1600 psi,
where does the water come from?

MR. ROSZTCOZY: In the Davis-Besse case, you can use
the make up pump for some but you are limitead to that, and
that is a relatively low capacity. Soconer or later =-

DR. PLESSET: Not safety grace, as well.

That's not something we should lean on, 1t seems to
me, toc¢ much.

MR. ROSZITCOZY: Tnat's correct. Sooner or later in
that case, vyou have to reccver the auxiliary feedwater an
special steps are being made in that case to De sure the

auxiliary feedwater will be available.

279 106
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MR. EBERSOLE: As an alternate tc that, could it be
pressurized and could you be sure you could do it?

MR. ROSZTCOZY: That can be done but in such a way
that, in the meantime, you have sufficient mass in the system.

MR. EBERSOLE: Most of it is not safety grade at the
mement, is it; the Jdepressurization pumping deliberately?

MR, ROSZTCOZY: Talking about cpening the relief
valive; the relief valve, itself, is not a safety grade valve,
no, sir.

MR. EBERSOIE: It 1is a nybrid, really.

MR. ROSZTCOZY: That's corract.

DR. PLESSET: Well =--

PROF. CATTON: In the reflux mode, there 1is a possi-
bility of inert gasses. Do you have any kind c¢f estimate on
what the volume is of those pressures?

MR. SHERON: I have slides later on on non-
condensables.

DR. .LESSET: Go ahead.

MR. SEERON: Okay.

(Slide)

sndicator =~- Or may not be -~ of actual system inventory for

certain breakxs. This was evidenced by Three Mile Island. I
don't want to harp on it.

What is being done is we understand now that for
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pressurizer breaks, we would get flow into the pressurizers.
We could see a flooding phenomencon occurring there. We coula
actually see perhaps some entrainment of the liguid being
carried back into the pressurizer with any steam flow, as well
as the fact there is some manometer effect due to the loop seal
so we understand that the pressurizer liquid inventory would
not reflect the system inventory for pressurized breaks.

For ccld leg breaks, as pointea out before, we expect
to see the pressurizer drain, and I believe experiments in
SEMISCALE have shown us previously ==

MR. MICHELSON: How doc we know it drains? ‘he model
was not modeled with the lcop seal but you say we know it will
drain. On what basis do we know it will drain. I am going
back to the question I asked sometime back and I am getting
confused again.

It will drain if there was no loop seal, but with one
I gathered you had not really done the calculation, 1is that the
case?

MR. SHERON: By draining -- in cother words, with a

locp seal -- well, let me £find a picture,

Just from a static head balance, one can see you
would get cdraining at least down in this level.
MR. MICHELSON: I would d.sagree. The top of the

pressurizer is not vented to anywhere and 1t has a tragpped
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volume of steam in it which is eventually cooling off;, plus the
fact you might have gone through a cycle of cdrainage and refill
so the temperature 1s unknown.

It only takes a little higher temperature into the
core to provide all the pressure it takes to support that
column of water. Yoo have to go through the arithmetic of
knowing exactly what the temperature is in your pressurizer.

¥oli also have to worry about tne transfer capability
out of the rressurizer and so forth in order to predict what
the water level will be in the pressurizer, and it can refill
until such time, at least, as the surge line 1s uncovered.

You know, if you wait a while, the thing cocls daown
and it will refill alli by itself if there is water in the
surge line entrance.

MR. EBERSOLE: Will you flash yocur first slide up
there again?

(Slide)

This just refutes that flat out. TMI was a pressur-
izer break.

MR. SHERON: Yes, okay; that's what I said.

MR. EBERSOLE: Pressurizer liguid inventcry was not
maintained.

MR. MICEELSON: How come, after vou closec the relief
valve at TMI, the water stayed in the pressuirzer even though

the loop was empty? The answer is obvious. That's what it'
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supposed tc do. There is enough pressure there to more than
support the column of water.

After you closed the relief valve at tha top of the
pressurizer, you had no break there. You still nad some amount
of steam -- perhaps not. Why didn't the pressurizer proceed to
drain then at that time? The surge line was uncovered. It
simply drained the water out, given a bit of time, at least.

MR. SHERON: I would say we will have to wait for the
analyses.

MR. MICHELSON: It doesn't take much analysis to show
what pressure it takes on a U-bend to support a column of water
30-40 feet. It takes roughly 15 pounds. Under these condaitions
it 1s a couple >f degrees hotter water in the core than in the
pressurizer. That's what you had; a lot more than that,
probably.

MR. ROSZTCOZY: The TMI case is different in respect
to talking about the TMI case when they closed and there was no
break lLeft in the system, Since the neat loss was in the core,
the high pressure side was on this sice and that can kxeep the
water from the pressurizer.

The cther case we are cdiscussing is the small breax
in the core over here and there is a hcle socmewhere else in the
system, sc that low pressure point is somewhere else in the
system anc that can influence tne case.

But I seccnd your comments in the sense that I



lrw

10

12 |

13
14 ||
133

16 !

v
believe there is a need to look at some of these csmall items
with a more detailed representation of the surge line.

MR. MICHELSON: 1If you loock at the situation, you will
find the top of the vessel is the pressurizer for the wnole
system. You have a vapor pressure at the top ¢f the vessel
controlling the behavior in the system. That vapor pressure is
more than sufficient to support the column ¢f water in the
pressurizer unless you put heat input into the pressurizer. We
are assuming you don't do that.

Therefore, it takes only about two degrees to support
that column of water; maybe three or four degrees, cepending on
the particular combination of circumstances you want to talk
about.

‘This

MR. ROSZTCOZY: Well, you have to be careful.

could apply in some conditions. For example, if the system is
highly voided ~- that's what we are talking about; the possi-
bility of uncovering the core =-- then there wculd be steam not
only inside the vessel head area but there would be steam also
at the top. Now the vent barrier would prevent any pressure
difference between the two. The vent barrier would equalize
the pressure and, therefore, you would not have the excess
pressure needed to support the large water column.

MR, MICEELSON: We must be missing a pcint somewhere.
What vou say wou'é be true :f I were to vent the top of the

pressurizer somehtw tc the primary system and I assume I am not

279



| gl
doing that. If we have a place that vents the top of the

2} pressurizer over to the primary system, the pressures would

34 dump; at lesast, down to a very low elevation; but we have nc¢
|}
4J such vent and, therefore, the water colum is supported.
|
' 51 So it is a system pressure that coes all this. Until
|
|

} 6; such time as we put a vent in of some sort, it will continue to
‘ 7} do it.

Bk MR, EBERSQIE: In the present context, for pressur-

9 | izer breaks, with proper operation of HPSI, the pressurizer

‘°i level will rise to complete flooding. Thus, it woulan't be

‘2i disturbed bv that.
{ ﬁ3? In short, there is no thrust here, I hope, at attempt-
I
14 |

“‘ maintained in the usual context and the ojp2rator should not be
|
|
!
|

ing to maintain pressure liquid inventory at the expense of not
13 getting enough water in the core, which was the Three Mile

16| Island case.

17| MR, SHERON: What you are saying is that the EHPI

18 | would essentially bring the system water solid.

19 MR. LBERSOLE: VYes. Therefcre, that's not maintain-

20 | ing pressure liguid inventory. That 1is complecely f£flooding out

21 here.

< MR, SHERON: Yes.

L ) - > - - .. - P, 2 ¥ _-.. .
23 MR. BERSOLE: Your entire prassurizer level woulc be

44 maintained.
\ \e-Fegeral Reporters Inc :l

ﬂ 25, MR. SHERON: The analysis would show that it would be

PO
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mainta_ned cdue to the higher pressure in the system.

MR. EBERSOLE: Can you discriminate between maintain-
ing and actually flooding out solid? ‘That's what you want to
do, isn't it?

MR, SHERON: There would be a1 steam flow through the
water and y: - lLevel would be essentially a two-phase mixture.

MR. ZBERSOLE: That implies a degree of controcllabil-
ity of the injection. Why don't you do that?

MR. SHERON: This is one whole area of concern with
this next item here.

MR. EBERSOLE: Will you trip “he high pressure point
injection to do that?

' MR. SHERON: A bulletin was issued with specific
criteria for when operators are allowed to throttle back or
HPI with the 50 degree subcocling. This is a point which we
are still looking at now.

Yes, eventuaily, when your HPI flow exceeds your break
flow, you will have a potential tc g¢go water-solid.

MR, MICHELSON: There was one bit of informaticn I
learned whickh I wasn't aware cf. Maybe evervcne should be aware
of it since it is not easily cbtained from lococking at the
general configuration.

~he surge line entrance tc the pressurizer, as I
understand it -- for TMI, at least -- takes the form of a tap

with holes drilled around the perifory of it; apparently in the

2/’9 07
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) |
neighbornood of two-inch holes. That kina of configuration is

fine for the purposes of distributing the surge flow that might

come up the surge line into the pressurizer but it alsc creates
a little different kind of drain situa*ion because now the
counter-current water and steam flow in the case of say an openj
relief valve must pass through the same two-inch holes in oppo-
site directions, and I think 1t could tend to greatly retard
the rate of drainage as oppcsed to a large ciameter pipe.

Now I understand also that this isn't necessarily
the same for every plant. It 1s plant-specific as tc how they
might have arranged that entrance to the pressurizer.

Maybe B&W wants to comment on it. !

MR. KANE: We aon't have anybody here that can answerj
that Juestion.

MR. ROSZ2TCOZY: I would like to comment briefly on
one of ycur responses. You saic there would be such a situa-
tion eventually available between the pressurizer and reactoer

system. Where such a line is, of course, existing in the

o

design anc pressurizer spray line, that is, it is a controlled
line, ana the Juestion i1s that, uncer the circumstances, will
this pertain or not?

I think the point is very well taken. One cught tc
consider in the generaticn of the guidelines whether it woulc

be any help to ask the operatcr to cpen that vent line under

certain circumstances.

219
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MR. MICHELSON: I looked into that anc found you
contain a check vaive which prevents it from being as effective
as it could be., Of course, you do have toc somehow vent it if
you want to =~ it didn't look too promising. You ought to go
back and look at the specifics.

MR. ROSZTCOZY: For this specification menticned nere,
we are talking about provicing flow for the core leg to the
depressurizer for drainage. It may be 1t would be an improve-
ment if that line were to be =--

MR. MICHELSON: We loocked at the problem and tried to
find some way of handling this. It didn't look toc promising

but the only simple means appeared to be the possibility of

using the spray line as a vent. If you can vent it, you can

certainly, at least, improve your reliabilicty.

Keep in mind you will never drain the pressuarizer
completely this way; only partially. As scon as the water level
from the pressurizer drops to the entrance elevation ¢o the
main locp, that's as far as it drains that way unless you
develop some xinc of pressure differential. .

MR. SHERON: As I just mentioned, the I&4E bulletin

rators to check other system

o

which was issuec instructs the op
parameters and that HPSI shutoff criteria precludes pressurizer
level as a primary indicator ¢f system inventory.

is the criteria which says that one must

This, again,

see 50 degrees subcocling cn the hot and cold legs and have

2/9
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been in that mode, I think, 20 minutes betore they are allowed
to shut off the HPSI pumps or throttle back on them.

We also indicated in tne NUREG report on feedwater
transients in B&W plants -- the Tedesco report -~ that a longer
term study is under way of more direct and mcre easily inter- |
preted indicators of water inventory. The status was not going
to be covered 1n this meeting.

MR, ZUDANS: These are new criteria now, post lhree
Mile Island.

MR, SEERON: These were issued in April, I believe.

MR, ZUDANS: After Three Mile Islana.

T reac someplace a document dated 1978 discussed all
these problems and said that the péessurizer level was not an
indicatcr of the system status in the case of feedwater
drainage. The document was dated in 1978. It indicates 1i1f
che operators had been instructea to read this document,
there wouldn't be a Three Mile Island accident.

PROF. CATTON: We found out they rever even hearc of
the Davis-Besse incicent nor hac they hearac of COconee.

MR, ZUDANS: It was discussed in guite abcut the same

amount ot detail you are discussing now.

e
(5
8]

¢ 4
i

MR, SHERQON: BaW's response of January 2

H

®
W

izer

sS4

L3

Martinson's letter ackr~wledged tne fact that the pr
level would not be a gocd indicator for certain transients and

said they 4id nct expect operators to make judgments based
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sclely on that but it was never carried any further.

MR, ZUDANS: That's like a missing link, I guers.

MR, SHERON: The next item is small break isclation
and repressurization.

(Siide)

This comes apout by asking 1f I have a small break =--
certain lLines in the primary system -- and if the cperator 1is
smart, he can determine where they are and isolate t..”a by a
downstream block valve or whatever.

What does the system do? I can get repressurization,
I guess I mentioned previously, with HPSI. Okay. 1If the shut-
off head is higher than the PORV setpoint, then this system
will keep pumping water into the system until it goes water-
sclid and then I run the risk of Lifting a PORV, discharging
water, and then one sees our postulated failure. 50 there 1s a
concern there.

The other one 1i1s with naturai cvirculation. The
svstem can depressurize due tc natural circulation. One gues-
ticna might be: If I isclate a break, do I aggravate the situa-
tion of natural circulation during some period of traasaition?
In other words, if I isclated a break and I repressurized tne
system and I failed the PORV, it wculd arpear as a small break
in the Jressurizer steam space.

The applicants have ncot specifically analyzed this.

The PORV failure nas been addressea in SARs. However, it has

279 118
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been referenced from the standpcint that it has been pounded by
cther small break calculations. There was not a specific
analysis. We kind of walked our way tnrough this as to what
would happen.

We do not expect any new or unusual behavior to occur
cased on isclating a break and perhaps repressurizing and open=
ing the valve. liowever, we are planning to require that the
isolation of small breaks with a PORV Zailure be analyzec. We
édc not have an analysie specifically at this time.

There is, as I said here, operator acticn reguired on
the throttling back of the HPSI pumps again. In other words,
if I isnlate the break and my HPSI stays on, I will eventually
refill the system and I eventually make it go watez-colic and
the operators would have to do something to prevent those
valves from lifting, which would be throttling vack of the HPSI
pumps sc¢ the system won't go water-sclida.

MR, EBERSOLE: A full scale fai.oire of the PORV is a'
fairly large break, the kind of damage yo. .-re talking abdbout
here.

MR, SHERON: We are talk.ng abouyt the valve lifting
nere.

MR. TIERSOLE: Say it lifts and sticks wide cpen.

MR, SHERON: 1.05 square inches.
MR, EBERSOLE: Suppese you get that condition and you

have both steam generaters in full cooling mode. Therefore,

279 112
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you have the benericial effa2ct of bringing pressure cown from

the seccndary transfer as well as tais large apaerture.

say that's a prolonged

vene.

case?
MR.
MR.
MR,
MR.
MR.

between a

MR.

The pressure of

How far and how

SHERON:

EBERSOLE:

SHERON:

EBERSOLE:

SHERON:

EBERSOLE:

Let's
condition. The operator doesn't inter-
the system will go down how far in that
fast will it go down?
Are the HPSI pumps running?

Yes.
No break?

The valve is wide open.

You would draw a volume balance again

flow that the HPSI pump ==

I want to hear you say the pressure

will not fall to a point where I am in jeapcrdy of discharging

the low pressure accumulators,

break natural circulation and then I will

m'

would

about 600 pounds and the gas will enter

what you are worried about,

MR.

MR.

2400-2500.

18

the EPSI

.

MR.

MR.

fall to let

£low

SHERON:

the

'
You will r

and the

EBERSOLE:

SHERON:

accumulators inject.

£low

because if I do that, I wilil
be in trouble.

I don't believe the system pressure
Thev inject at
that's

the system, if

.

w

at about 1

-
= O =8

You think yvou are well above

HPSI pumps for

the high

ach balance

scome

O
h
o
3
(i3

cuc

geing

You have a safe pressur

Yes.
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MR. EBERSOLE: For the case of full opening of the
pressure relief valves plus full cooling on the secondary side.

MR. ROSZTCOZY: As long as the cocling is to the
steam generator, as you postulate it, then the pressure would
hang up just slightly above the pressure of the secondary side.

On the seconcary side, you are using relief valves
for the steam relief and opening the secondary at something
lrike 1000 psi. The primary would stay slightly over the 1000
ps1 and this low pressure safety injection would not come into
the system.

Cooldown from this on down would be controlled and I
believe it includes in it =--

MR. SULLIVAN: .In any case, in some transients the
operator would try to depressurize the steam generator to en-
hanée cooling.

MR, ROSZTCOZY: What do you have in mind?
MR. SULLIVAN:

You said it wouldn't cepressurize any

further than the secondary side of the steam generatcr, which

is held abcocut 1000 pounds.

MR. ROSZTCO2Y: Yes. The case that has been postu-
latea would settle at that.

MR. SULLIVAN: Doesn't the cperatcr have the ability =--

think he is instructed in a case

adepressucrize the secondary side of the steam

hance cooling?

PO
-~
O
—
S
-
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MR. ROSZTCOZY: 1In a controlled manner. It has cer-
tain cooldown procedures. It would fcllow those.

MR, EBERSOLE: 1If he cid cooldown the secondary site
oy mistake, he would invite =-=- unless he toliowed instructions
and closed the nitrogen off -- discharge of nitrogen, wouldn't
he?

MR. EBERSOLE: He woulac have to drive himself into it.
I think this is clear. It would almost be willfull, I hope,
instead of....

MR. MICHELSON: An operator error cf more interest
than that is the case whereir I have a small cold leg break,
and during the process of the break I decide, for one reason or
another, to maybe try to reduce pressure by -opening the pressur-
izer relief valve. At that time, he will proceed for sure to
£ill the pres;urizer full of water if the surge line is still
covered., He will put gquite a bit of inventory out of the sys-
tem and create a further complication tc the whole matter by
seeing his pressurizer pullea ~- 1 am perhaps again misinter-
preting what do do at that peint. Have you accounted Ior the
kind ¢of operator errcr wherein the operator may decide to vent
the pressurizer during the course of a small break?

MR. ROS2TCOZY: Instructions to the operator are to
open the relier valve only if there is a repressurization and
if that repressurization reached 2300 psi.
the

MR, MICHELSON: 1Is there a prohibition tellin

Wi
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operator uncer no other circumstances to open the valve, or is

2|l 1t simply an instruction that in case of a certain situation,

3! go ahead and open the valve? 1Is he prohibited in every other

4| case?

51 MR. ROS2TCOZY: I would like to suggest that you ask |

6| this question of the people who will be here in the afternoon,

depressurization proceeded up toc 2300.

7; who worked with the indiviaual procecdures. They can tell you
|
8| how they get into the emergency procecures.
9? I know the thinking was not to open the valves unless |
|
r
10 |
i
|
|

MR. MICHELSON: If it got you in serious trouble,
12 you would want to put a big glag and say: "Don't open it.”
13| Then you have tc go into tne problem of a single failure: A

4| weld coming open. What do I do.

15 I would be much more ccmfortable if the analysis in-

|
‘6: cluded a small break in the colc leg plus an inadvertant

|
17| pressurizer relief valve operation.
13 MR. EBERSOLE: You are touching cn a generic problem.
There are standard revisions in what I will call necative in-
20; structiocns. Absclutely dc not do this, don't ao that, do not
211l ao the other thing.
2 Emergency instructions tend tc be positive.
23 These leave to his own imagination what he should not
24| 4o, ana that's not very good.

zsg MR, SULLIVAX: As we discussed this today, we have

d 2/9 116
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now brought up a number of things that are questioned. 1Is the
staff systematically looking at breaks, possible actions that
the operator may take, and trying to figure out what he should
not do and what he should do, and trying to write a set of
procedures?

If I was operating a plant now, I'm nct sure I would
know what to do.

MR. ROSZTCOZY: You are taking a very pessimistic
view. I'm not aware cf any case, with the exception of this
last one -- and I believe this last one has an answer to 1it,
also, because the only thing that was postulated in this case
1s that, in addition to having a small hoie in the <ore, like
you opne up another small hocle at the top of the pressurizer.

This case we postulate, I believe this Exxon case has.
nct been analyzed, at least not ;n the last few months. How-
ever, there has been a spectrum of breaks lcoked at n the cold
leg and a spectrum louscd at in the top of the pre sizer. 1
probably need some adaditional thinking, but my guess i1s that
the conclusion should be tc -=- you see, this is not a limitirg
break., There are other breaks more limiting than this cne and
the consequence of this will be better tlan what you have al-
ready analyzed.

For all these very small breaks, the conclusion was
that you are not coming anywhere close t¢c uncovering the core.

You have water to the top of the core, enough so it even runs
- ‘.') . 1 7
Z.‘/ BE
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lrw ! DR. PLESSEY: I have to postpone your speech and le:
2| carl make a comment. You can answer both of these together

31 1scer om.

4 MR. MICHELSON: I didn't have a comment.
3 DR. PLESSET: All right.
= Di¢ you have something?

7 We are running a bit behind, I think. We won't scold
8 | you; there are other reasons for it. Make it short.

9 Then Zoltar will make a short response.

10 | PROF. CATTCON: There ars two approaches tc looking at |

1
1
!
|
:
|
|
"! these problems. One, .uggested by Dr. Okrant, is to view it as
|
|
|
|

12| one of the bad things that could happen first and then ask

3! yourself: Are there possible ways those things can occur which
141l lead to a different kinc of insight to the problem?

’53 DR. PLESSET: That point was made many times.

‘éj Zoltan, a brief --

'7F MR. ROSZTCOZY: Very briefly, to answer, really,

18 || Harold's guestion: Yes, it has been looked at very system=-

191 atically, at what sort c¢f event can happen anéd what dc you ex-

-

20 | pect from the operator? In connection with your reference to
21| T™MI-2, in that case, as - as I know, the cperators had not
22 | viclatec their procedures in :ny sense. Procedures which were
23 | available to them simply dizn't discuss some cf the hangups.
24

}
ice-Fecers Reporters inc.
i

25

What has been corrected i1s that now they are being

0

provided with appropriace procedures to follow instead of just
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irw 1 rying to figure out on their own what to do.

2 | DR. PLESSET: Let's let him finish his presentation.

33 We interrupted him occasionally.
|
4 MR. SHERON: Another item in the report was pressure

§|| boundary damage due to bubble colliapse.

6 (Slide;
i
7 There are essentially two sources of what I would
8!l call a watterhammer effect one could envision. One is collaps~-

| ing steam bubbles in subcooled liguid which produce pressure

10 | pulses which would impinge on the primary coolant boundary,

11| like the core of a steam generator.

12 Second is the effect of injecting cold ECC water into
13| a steam-£filled pipe, which could produce pressure loadings on

14 the structures.

15 | MR. ZUDANS: ‘thermal loads, too.
16 MR. SHERON: Thermal lcads, as wel..
17 Injection of cold ECC into a steam-fiilea pipe, we

"

18| have run some tests at LOFT and SEMISCALE. As a matter ©

19 | fact, many tests. They were requested in a letter a while ago
20| to specifically comment ou what they had seen =-- they being
21* £G&G -- regarding the pressure oscillations, ané they reported

22!l back for all the LOPT and SEMISCALE tests, they have not seen

23! excessive pressure oscillations due to injection of ECC into

| 24;1 the steam-filled pipes, and the maximum cscillations were abo.t
ce-Fede Reporters, Inc. :l
23S 10 psi.
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17 |
18
19 ||

20 ||

MR, MICHELSON: On that point, did their tests
essentially involve a confined region of pipe filled with steam
and, also, what do y.u thiﬁk of the possible effects of the
vent valves?

MR. SHERON: The confined region would be their cold
leg pipe, which is where they inject.

MR. MICHELSON: Was it flooded at both ends when in-
jected or openec at one end and only flooded at the other?

I don't know the gecometry that well. It makes quite
a ditference in the answer as to whether you inject cold water
into a trapped steam bubble as opposed to injecting it into a
steam-£filled pipe broken at one end.

; MR. SHERON: They injected both an intact loop and a
broken loop. In that sense, you have both cases; where there
is an intact, and the other case where it is broken at cne end.

MR, MICHELSON: Perncws they have a good simulation,

I don't know. That's why I asked.

né the guestion of the wvent valves?

o

MR. SHERON: There was one SEMISCALE test run, if I
recall, where they simulated the vent valves in the system, anc
the best 1 can say is that I do not recall in the report there
being any mention of excessive pressure oscillations being seen
when the valves opened. We can certainly c.aeck con that for that
SEMISCALE test.

There were Al=0 Lests

o

>
)
t

Westinghouse and EPRI,
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which showed oscillations -- a water slog cscillating in the
pipe =-- when the injection flow was sufficient to produce a
slug of water in the cold leg. By a slug, it would fill the
pipe before it would run out and essentially broke off that
pipe.

For HPSI flow for a small break, that flow was not
high enough to produce the slugs of water in the cold leg pipe
so one would not envision getting a slug of water being
oscillated back and forth in this pipe.

MR. MICHELSON: What you envision is rapid concentra-
tion of the steam in the pir2, which literally sucks the water
out to pump the cola leg in the case of a high steam generatc:,
for instance =-- pardon me; a low steam generator =-- so the
condensation of the steam as a result of injecting cold water
will suck and fill the pipe with water momentarily.

It is those kinds of oscillacions I would have 1in
mind. Tha.'s when you have to loock at the vent valve operation
at the same time.

MR. SHERON: That would show up in the analysis. In
other words, the evaluation models take into account the con-

densation ~f steam due to the injected ECC water.

i
fu
-
®
1]
o
(§]
9]
(8}
£
2 |
of
(8]
'
ot
e
(1]

MR. MICHELSON: I doubt that it
instantaneous condensaticn. If it does, it is very sophisti-
cated.

PROF. CATTON: You scrt ¢f wash out these oscillaticns

“
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with your control of water packing.

MR. SHERON: This is typically when you start seeing
deviations in the code, itself, is when you start getting
perhaps these very short-term ncn-eguilibrium effects. Yes,
you could see water packing, which could affect us.

PROF. CATTON: You contrcl the water packing so you
would, in essence, remove these oscillations.

MR. SHERON: Mavbe it does ! ‘re the proper detail to
preiict thes. pressure oscillations one might see from very
fast condensation.

PROF. CATTCn. Are they important?

MR. SHERON: They can be if they are excessive. I
think I am trying to ?ddress this from the standpoint of: Do
they cause ar * structural damage to the system? From that
standpoint, the evidence we have ssen from the test facility
says no. The pressure oscillations would not be big. The
loads, in fact, would be bounded by the loads from the large
break LOCA.

MR, ROSZTCOZY: May I add a few words to this? 1In
connection with the programs Bryan mentioned, we are part of
the ECCS bypass program and the specific effect has been
studied in scme cetail, anc some models have been developed to
predict how big a slug you could form and what would be the
acceleraticn of this slug and so on.

These are more detailed than normally what would be

219 123
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There are means available to calculate

these loads and see how large these loads would be.

Based on a very rough look at these,

1t appears to us

_the loads will be smaller than this load following a large

break LOCA and this would not be the controlling event.

Nevertheless, it is our position the applicant should have the

responsibility to quantify these locads,
culations on these loads and compare it

his design basis and show these are not

MR, MICHELSON:

to do some actual cal-

to the one he used as
delimiting ones.

My real concern is an oscillatory

effect that will be set up as you inject cold water into a

steam-£filled

draw a new charge of water into the leg.

leg.

It will conaense the water and momentarily

The higher pressure

on the hot leg site will proceed to open a vent valve and send

a new charge of steam back into this region, whicah is now

somewhat heated.

Then that new charge of steam will drive the water

back cut and

team and it

n

heat

LA

efill,
I‘

mechanical

then

*

will

h

set ¢i

up, condense

it goes real

effects on it.

MR. EBERSOLL:

system from

MR,

GE?

MICHELSON:

You

the cold water will reccondense that charge of

a periodic and cold slug

back again -- that sort

wall, one wouléd have to ask about

It is expressing how these things
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will work very nicely.
MR. ZUDANS: I would like to get back to the guestion
of these loads would not be contr-lling. Large LOCA locads
would be controlling. But these could occur many times. The
othe~ is only a single event. These smaller oscillations,
smaller waterhammers, are multiple lcads. They can't be com-

pared to the single event.

MR. RCSZTCOZY: The subsequent loads following LOCA
go throught a number of oscillations. I recognize the differ-
ence between this and the other.

MR. ZUDANS: Okay.

Now we are talking here strictly about the mechanical
surface loads that occur. I am wondering to what extent the
associated metal temperature changes are being looked at. They
would produce the fatigue more likely than these mechanical
lcads. You may develcp cracks with repeated condensations,
injecting cold water 'n hot areas and so forth.

MR. ROSZTCOZY. The oscillations we have seen in
some of these tests are relatively high freguency types of
cscillations so I don't think there .s any significant temper-
ature change 'vith the possible excepticn of the metal surface,
itself, There is no r-opogation of this temperature effect.

MR, ZUDANS: That's my concern. The surface tempera-
ture change produces local cracks. It's like a skin-type of

stress. If you heat up veryv :.aallow, you will create high

219 123
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lrw 1| compression stressas. It may not be significant. Maybe there
2|l is not enough time to change to surface temperature gquickly, I
3| don' know. I am wondering whether it has been looked at.

4 DR. PLES§ET: I think we will go on. What you are

5| asking is not out of the guestion. Presumably, it will be

6: looked at. This area is going to be locked at.
5 MR. ROSZTCOZY: Yes. This is on2 of the items we
BE are asking be loocked at and evaluated.
: MR. MICHELSON: Are you looking at TMI cata to see
| 1if there is anything there to give hint as to whether this sort
1Ml of thing could have been happening? 1Is there enough instru-
12| mentation?
( 13| MR, SHERON: The conly pressure traces we are aware of
14 is the one system pressure trace. That dié not show any high

1§ ! frequency oscillation.

16 MR. MICHELSON: It gets lost depending on where the

17!l senscor is.

18 || MR. SHERON: The instrumentation is on a very low
19 speed, I understand. It would wash out just being recorded.
20 | Zoltan said we will reguire licensees and applicants
21l te analyze these lcads to confirm them. We nave done an

22:l adaiticnal lock-see and don't believe they will be excessive.
22| We think they are bounded. We have reascnahle assurance they
24 |

Ace.Fecers! Neporters, Inc.
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applications.

For the collapsing steam bubbles, again we looked at
these. 'These are bubbles passing through a suscooled liguid
which woula condense the water rushing togethe:x and would form
a pressure wave which would propogate out. We have looked at
this. We would expect, if there was one bubble in the system,
there would pe many bubbles. Therefore, the system would be
nydraulically soft, such that any pressure waves that occurred
would, A, be non-directional, and, B, they wou.d be attenuated
betore they got into any structures.

Again, for this case, as well, we are a~king licensees
and appiicants to confirm this with additional caiculations.

MR. MICHELSON: 1Is the particular place one woulc.be
interested in with this be say as steam was rising in water-
filled steam generator tubes but you use a U-tube type steam
generator input, 1s that the same conclusion drawn, that these
localized effects woulu not afiect the tubing, keeping in mind
the possible degredatiocn of the tubing which we know kina of
occurs?

MR. SHERON: Yes, sir. That's primarily because the

team generator tubes would also be designec =< withstand again
the subcoolant loads that occur, which we beleive would be more
severe and c¢f greater magnitude.

I think that the degredaticn of the steam gnnerator

tubes, the reguirements of the Commission are such thet they are
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rw 1|l within acceptable limits. Otherwise, they have to shut down
2|l and plug those tubes.

3 (Slide)

4 The last item in this report was the fact that the

5| break energy was not representative of the core exit energy,

5{ which essentially says that the break is not going to remove
|
7? the decay heat load in the core unless what is coming out the
8; break is actually what is coming out 2f the core.
9; The one concern here 1s that we have HPSI being
i
10 | injected. 1If the break is in that cold leg, it can't be by-
i passed.
12 Another one would be that HPSI does not condense
{ 131 with 100% efficiency. The analysis codes that are used to
‘4& represent small breaks take into account this distribution of
‘5ﬁ energy around the system; n .mely, that what comes out in +he
‘5“ break is not what is coming out of the core.
. ’7ﬁ I believe the B&W code also throws away a part of the

18 HPSI flow into the broken loop so they take into account the
'9? fact that scme cof this HPSI flow does not even make it into

20| the core but actually goes out the break.

21 | The codes, because they are egquilibrium codes, assume

42 | over a time step there would be 10Ux efficiency, and the steam

]
23| and water would mix 2nd come to eguilibrium temperature and
2|
| pressure.
\ce-Federal Reporters, Inc. ll
25 |

d We don't believe the non-equilibrium effects will be
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big. They wouid tend to raise the pressure slightly

we are not condes-ing at 100% in any short period of

Are

That was all I wanted to say on that,

guestions?

DR. PLESSET: There were a lot of comments

course of the =morning that touched on this. I think
enough.

MR. SHERON:

114

because
time.

there any

during the

that's

The last item I was going to touch base

on are non-condensable gasses; what effect they might have on a

small break.

(Slide)

These are staff estimates.

These are the various

sources of non-condensable gasses that can enter a primary

system during a small break.
the primary coolant.
25 and 55 CCs I

tween believe per kilcgram of water.

There is dissolved hydrogen in

This is usually kept anywhere £from be-

This 1s

done to suppress radiolytic decompesition auring normal

coperationn.

Dissclved air in the refueling water tank.

source of water for the HEPSI. Hydrogen g:2nerated bv

L]

cladding that is reactaed with the water. There

are

tanks. They have twec socurces. Dissolved

be in the water. There 1s Lhe

the tanks. There is an eguilibrium concentration of

gas up in the pressurizer, which is periodically

~>
-0

vented.

The

any

flood

s
"‘)
t
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is raaiolyvtic decomposition of the injected ECC water since
this doesn't have the hydrogen in it to suppress the radiolytic
decomposition. However, this will probably be negligible as a
source as long as the hydrogen concentrations are above 5 CC
per kilogram of water. .

Then there are the gasses that are in the fuel bins.
These are estimated to be about 1500 cubic feet at S1P, account-
ing for both gap tission gas at the end of -~ these are the
relative volumes 1if this gas 1s expanded to these termperatures
and conditions.

MR. EBERSOLE: Are you saying there are 700 feet cof
gas in the pressurizer?

MR. SHERON: Yes.

MR. EBERSOLE: That was in the =--

MR. SHERON: Remember, it is partial pressure.

MR. EBERSOLE: What about the entrance mechanism of

—

hydrogen in%o that space? Do you have a valve system that
prings it in? 1Is this correct?
I am thinking about continucus leakage cf nydrogen

£xom the normal hydrogen source. Is there any possibility of

-

r

hat? Is it blocked by autcmatic <.faties once you get into

-

depressurizec conditions? You ha'’e hydrogen in tanks at high

W

ressure. ‘rthese get to the water neomehow or other, There is

v(’

normally a flow. Do you guaranty any stoppoage ©of this when

-

rou get into one of these -- if so, how? I am looking at it

279 150
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in the same light as the low pressure tanks.

MR. SHERON: I naven't lookea tc see whether thcse
were ==

MR. EBERSOLE: How do you guarantee stoppage of
hydrogen flow into the system once you get intc the emergency
mode? |

MR. KANE: From where?

MR. EBERSOLE: You inject hydrogen into the water to
nandle the overpressure.

MR. XKANE: At the make-up tank.

MR. EBERSOLE: Yes.

Do you stop that process wren you get into a emergency
mode?

MR. KANE: The make-up is isolated.

MR. EBERSOLk: 7vthat's isclated by appropriate means
ana continued injection.

-‘~MR. SHUMWAY: This water reaction =--

MR. SEERON: This is the amcunt generated, by percent.
It I have 1% I would get 4,344 cupic feet at STP generated.

MR. ZUDANS: Could you give details about this radio-

iytic decompesition? When does 1t exist? VWhen coes it stop?

m

What is the way to control it?
DR. PLESSET: 1If vou daon't mind, we will let that go.
There has been a lot ¢f discussion of tnat. What tlcy are con-

cernecd with is suppressing the elimination of cxvgen by excess

N
~O
Cad
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rw 1 nydrogen in the system. They can tell you about this later.

We are awfully far behind. Maybe we will let that go.

3 MR, SHERON: What I did was: 1 took volumes of gas
4 that I would expect -- conservatively expect -- to be intro-

5! duced into the system during a small break, again remembering I

6| assumed that all the gasses remained in the system.

7” (Slide)

8 In other words, no gas without the break. I alsco
9' assumed that all the gas in the liguid got stripped ou; by the
loE beciling process; it was 100% efficient. I assumed ‘. at the

n boiling in the storage tank was 50 degrees Fahrenheit and

12 flood tanks were 86. I have a nigher sclubility at those lower
13j] temperatures so I could put more gas intoc the tanks, BWST and
14 £lood tanks.

15 | I assumed during the course of the accident somencw I

~16 1 injected che whole BWST into the system and switched to a

17|| cifferent mode. I 0ok the gas that I assumec would get into
]

18| the system. At high pressures, I assumed I got all the hydrec-
|

19 : gen out. I assumed I had a tenth of a percent zirc water

-

20 reaction anad I assumed I had a.l the dissclved area in the

21! storage tank in the system.
|
i
22 | These are tne relative distributicns. ‘these were
]
| s 5 % = !
23 the triangles, the .otals, [ assumed that the volume they

24 | occupied was not occupied by any steam in the system and what
\ce-Fecersi Reporters, inc.
25| I ¢id was expand it. VYou will see at 600 psi I assumec the
il

| o 132
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24 |
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accumulator is turned on. Again, there is a steady state calcu-
lation. I just assumea that as the pressure cecreased, the gas
in the accumultor spece expanded isothermally and I let the
dissolved gas in the water come in.

Remember, the free nitrogen would not come in until
down arocunc this 150. If I assumed that all this gas somehow
found its way to the top of the hot leg U-bend, ro gas
accumulated in the upper head at all --

PROF. CATTON: What is your volume composed of? You
have voliume of the hot leg U~hend at 1/0 decgrees.

MR. SHERON: These are two U=-bends. If I drew a
straight line across the bottom of the U, okay, and it's that
volume above it. About 85 cubic feet above that.

__?ROF. CATTON: Okay.

MR, SEERON: So I took two of them, 17U cubic feet,
assuming»each_ggggmgyt ecually in both of the hot legs, and
again saying this was a congzrvatzve calculation because I am
assuming it all somehow went to tnese hot legs and none stayed
in tne upper head, which is where we expectec it to say.

I would have to expand down to around 400 psi befcre
I would start %o see the hot legs start to £ill up with a non-
conaensable gzs. Most of this occurs -~ it starts p ‘imarily
because I'm starting to get nitrcgen into the system Ifrom the
accumulator tanks.

would point cut, too, that tnese numbers are very

L)
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similar for a CE System-80 plant, which I nave also done esti-
mating on. They are about the same for most plants.

MR. EBERSOLE: One thing is different: The CE and
Westinghouse plants don't have candy canes. Tnerefore, the
volumetric reguirements to stop natural convection in those
plants is a great ceal less. Do you know what that number is
in contrast to 17U cubic feet? Does staff know?

It is good practice to take B&W information and apply |
it to the other plants which have a different con:iguration
gquality.

MR. SHERON: 162 is for CE, I think.

MR. EBERSOLE: 1I'm not sure Westinghouse and CE would
be in comfort with =-- it would take a great deal less to stop
natural convection. Do you know the number?

MR. SHERON: 162 cubic feet is what CE estimatead it
would take toustop”::_§“__‘\N

MR, EBERSOLE: All the flow in the tubes?

MR. SHERON: ‘that was the volume of the U-tube.

MR. ROSZTCOZY: The horizontal section of the U~tubes.
Keep in mind in that case some of these tubes are coming up on

cne side of the

0

ressurizer ancé have a relatively 1

(]
3
e
o
O
A}
.—l
|

zontal secticn before they turn down. Depending on where they
are located, some have a shorter or longer cne.

The number Brian is guoting, I bzlieve, is the number

fcr the total of the 4,000 or 6,000 U-tubes, whatever they have

279 154
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kw ! for the horizontal section. I cdon't know if we have a number
2 from Westinghouse at this time. The Westinghouse and the

|
3 combustion information is coming in new. Some 1is not in-house

4| yet.
s PROF. CALTON: In the U-tube, the horizontal sections |
6| are all elevations, so wouldn't you get a gradual degracation

7| of the numbers?

8 MR. ROSZTCOZY: AllL of this is presently being dis-
9; cussed. Just because they are at a different elevaticn does
10! not mean that you would have that. It does rnot mean that.

1 PROF. CATTON: It doesn't mean you would maintain it,

12 either.

( .13 MR. ROSZTCOZY: No, but the way we are picturing it

“;? is there yguld be a level difference between the two sides of

ls;i the u-tube that balances the other forces that try to initiate

léii natural circulation. -The level of the currents could exist in

‘75’ most of the tubes -- or all the tubes -- at the same time. It

8| would reguire a gas bubkle or steam bubble which is larger than
the horizontal section because 1i: has to account also for the

20 Level difference. This level difference could exist in tubes

b 3 & - 13 . - -
21 which have different elevations for the horizontal part., The

(2]

ference would be

-

2 density difference and the elevation di

3 controlling indepenaent of what the elevation of the norizontal

au ' section was.
Ace-Fecers! Seporters, Inc. |
25{ MR, EBERSOLE: I would Like to say on the critigue
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side ot the B&W design the easy way to aveoid =-- you see, all
you nave to do is read it. There is no way to vent a U-tube
design.

MR. SHERON: Very gquickly, as long as the volume up
there is down in this range, there is very little effect on the
total natural circulation, primarily because most of your
pressure drop is through the pumps, I should say. So you can
nave substantial blockage here and still have very little

ffect on the overall flow.

Heat “ransfer, the same way. The units are very much‘
overdesigned. I haven't done any estimating calculation on the;
effect of the non-condensable gas under heat transfer. You geté
a buildup cn the condensing surface and some aegradation.
Calculations that have Peen done by other vendcrs indicate it
is negligible until you start dropping down, sSc tnhe pressure
between the primary and secondar§~system,53_32353>the same.

The effect of the non-condensable beccmes amplified
but you have pcor heat transfer, anyway, because yocu have a
driving Delta .

MR. EVERSOLE: On balance now, since you are talking

abcut condensables in considering cost-risk-benefit ratios, are
vou of the orinion now we are going to venting of the candy
cane or not? Will we rely on these numbers?
MR. SHERCN: These are preliminary numbers that the
staff put together, the staff being me. We have asked B&W tc
<0 136
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zlrw 1]l supply numbers tc analyze the 2ffect. I don't beliieve at this
2! time we have made any recommendation or decision on whether

31| venting is necessary or not.

4 MR. EBERSOLE: Of course, there 1s a risk it might

5! be inadvertently vented.

6 MR. SHERON: You have to weigh the detriments of any
7j sort of system like that with the benefits it might give you.
8| MR. ROSZTCOZY: Venting is being considered as a

9! possibility nct as much for the cases we are discussing here,
10| which are the normal small break incidents, but there is an
increasing emphasis to go beyvond this and look at what would
happen if something goes beyond the normal predictive concept,

|
|
|
13! like it happened in Three Mile Island. That is the case which
o
l

4| will probably have a stronger effect on any venting type of

15| reguirement.

‘6! MR, EBERSCLE: You are going bevoad the single tactor .
! B,

17| criteria delta? .

8 MR. ROSZTCOZY: In our thinking, yes.
19 i MR. EBERSOLE: What will you do with the upper head

20 | injection on Westinghouse? You inadvertently cischarge that

21 | gas and you're through?

2l MR, SEEZRON: You have tc assume double failure.

23 MR. ROSZTCOZY: We are geoing to look at it,
;l

24 DR. PLESSET: They are satety grade, I believe.

Age-Fegeral Reporters inc. ‘

3 MR. SHLRON: The preliminary conclusions we have on
i 4 a7
| 6] \ J
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non-condensable gasses for the BaW plaui was that for very small

breaks in which the steam generator must remove decay heat, we

-

don’'t see the accumulators turning on. The pressure doesn't

drop until the low 600's. 1If the breax is large enough that the

i
{

1

12

15 ||

16 |

17
18
19

20

pressure actually drops below 600, the break will take away the |

decay heat, anyway.

For breaks which ao turn on the accumulators, you

still have to drop the pressure much below 600 psi, down to

maybe around 150, before you expand the gas out into the system

in order to get any significant gquantities of nitrogen.

In addition, the accumulation of the gasses will

probably be in the upper head region -- or, at least, some of

it will be there:; not all of it will find its way into the top

of the candy cane -- so the estimates prepared, assuming it

all got up to the candy cane, were conservative from that

standpeint. e i
e —

Without any accumulator actuation or signiticant
core oxidation, we don't believe that non-condensable gasses
will ninder gecay heat removal by the steam generators.

MR, ZUDANS: This 1s basec on .l% zirconium-water
reaction. What is the picture if it is 1%? 1If I shift the
curve ocut, it goes way above.

(Slice)

MR. SHERON: It will go up, I agree. I think, for
the small breaks that we have ssen zor the Ba&aW plant, they do

‘\\ 3%
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not uncover the top of the core, which means you will have

almost zero oxication. I can't say that for CE or Westinghouse |

yet. We will look at their analyses and how much oxidation
they do predict. .

MR, ZUDANS: This is the only part of your composite
figure that is very sensitive to the assumption. 'the others
are pretty s+able. This one, if I use a factor of ten, from
300 psi at 40 cubic feet it wculd be 400 cubic feet, ana the
rest of the curve would be way above your 170 feet.

MR. SHERON: I can always pose enough oxidation where
I will get in trouble fairly quick.

MR. ZUDANS: Really not that much extra. I am
wondering how you came up with this.

DR. PLESSET: He covers himself by saying tha%t he

takes the case where the core doesn't get uncovered. If the

core gets uncovered, then that's anothe story. ——

MR. SHERON: These are estimates from BaW ancd BaW
analyses dc not show any substantial core uncovery. I cdon't
think they snowed any for the small ‘reaks analyzed.

MR. MICHELSON: The kiné of model you want te keep in
mind is the case where you start cut with a somewhat larger

break and, for one reason ©r another, are able to isclate 1it.

Vs

er

(t

ain tyvpes of breaks can be isclated, Then you would get
irvolved in a core uncovery situaticn possibly anéd scme

acdditional hydrogen generation. By isolating the b:eak,‘ycq
Q

219 \ J
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lrw 1l are now forcea back ontoc the same generator with the heat sink

2| since your break is gone and you have to work back into a heat |

3| removal mode.
B MR. SHERON: ‘“the cnly breaks I understand now that

S| can be isolated are the FORV lLine and the letdown line.

6] MR, MICHELSON: Some p=ople co have loop valves. vou
7i know.

8; MR. EBERSOLE: Do any B&W plants have them?

9 MR. MICHELSON: Nc.

10 MR. ROSZTCOZY: Ncne of the B&W plants have them, I

11} pelieve.
12 MR. MICEELSON: Some PWRs do have them.

(_ 13 MR, EBERSOLE: If we have to corifine cur conversa-
14|l tion to just B&W, we can stop here. .

15 MR. MICHELSON: That's the potential for a very larce

16 | break being iscalted.

7 MR, EBERSOLE: It is a fact of life that cperators
18! are told tc isolate from a large bresk to a small break con-
19 Zfiguration probably beause tney wouldn't be entirely success-
20; £ul here.

21 |

MR. MICEELSON: 7Th

th

‘ emergency instructisn says =o
|
22| i1sclate the break; go back ana lock carefully a* your process
|
23| qesigns. Occasicnally, there are valves between t' ¥ primary
24 | containment isolation valve ané the primary loop whish mignt be
\ce-Fegers' Redorvers, Inc. |
25| lezt cpen, and these, if they are motor-operated valves, the
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break coulid be experienced in that lLine ana the operator couid
cecognize it and go ahead and close his manually operable valve.
Sc the possibilities are very plaat-specific and I think you

would want to look at each plant to f£ind out where all the

preaks could be that could be isolated that might be ¢f a fair-

ly large size. You woula be surprised.

MR. ROSZTCOZY: I'm not sure what connecticns wa are
talking of here but most of those are low pressure.

MR. MICHELSON: The shutdown coocling connection, for
instance, off the loop is going out to the isclation valves.
People may provide an additional vaive in the line. It is not
satety-related in terms of function but is ir there for other
purposeg. The development would normally be left open but
would have the capability of closure from the contral room.

Zuch occasions as that will raise such issues. You
would be surprised, looking at your designs, at the number of
valves in there that are not automatically operated but which
are capable of remcte operation.

MR. ROSZTCOZY: That cocling system is typically 600
psi.

MR. MICHELSON: Not where i1t is attached inside tho
containment. Usually full pressure up tc the inboard and ocut
to the isclation =-

MR. ROSZTCOZY: The valves left open are the valves

protecting the low pressure part of the system. - ¢

217



127

|
|
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