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UNITED STATES OF AMERICA

ATOMIC ENERGY COMMISSION

In the Matter of:

CONSOLIDATED EDISON COMPANY COF NEW YORK,

&3

DOCKET NO.
INC. : 50-247

(Indian Point Station, Unit No. 2

e e ey am ek em R e e e G e s em e e e e e e

Springvale Inn
Croton—~on-iludson, N.Y.

Tuesday, November 9, 1971

The above-entitled matter came on for hearing,

pursuant to Notice, at 92:00 a.m.

BEFORE:

SAMUEL W. JENSCH, Esq., Chairman,
Atomic Safety and Licensing Board.

DR. JOHN C. GEYER, Member.

MR. R. B. BRIGGS, Member.
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MORNINOG SESSION

CHAIRMAN JENSCH: Please come to order.

Mr., Moore, will you resume the stand, please.

JAME S S MOORE resumed,

CHAIRMAN JENSCH: Intervenor's counsel, are you
ready to proceed?

MR. FORD: Yes, sir.

CHAIRMAN JENSCH: Will you proceed.

MR. FORD: Mr. Moore, is it correct that a loss of
éoolant accident involves a simultaneous interaction of
several mass and energy redist;ibution processes, including
nuclear , thermal, hydraulic, chemical, and structural
processes?

MR. MOORE: VYes.

MR. FORD: Is it correct that the analytical path
is complicated by the means to represent these accident
processes dynamically and at many positions‘in space?

MR. MOORE: VYes.

MR. TROSTEN:. Mr. Chairman, I ask that Mr. Ford
inform the Applicant's counsel of the document from which he
is reading, and alse inform the witness,

CHAIRMAN JENSCH: Why? Maybe it's his own notes.
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What difference does it make?

MR. TROSTEN: Well, I think it‘'s significant, Mr.
Chairman.

CHATRMAN JENSCH: Well, maybe he has prepared it so
well he has it in writing. I don't know that it makes any
difference.

MR. TROSTEN: Perhaps if he would say that maybé
that wou}d be the answer to it. I just asked the Board if
you will direct the interrogator to inform him --

CHAIRMAN JENSCH: I think if the witness has any
difficulty with the problem we can take that matter up. I
think if he has his own notes or he has typed them out or
something, those are matters personal to his own interrogation.
I don't know what he has.

If ;he witness has any trouble with the question I
think he should so indicate. Will vou proceed.

MR. FORD: Is it correct that many thermalhydraulic
energy transfer processes are currenfly represented by
empirical correlations because of the difficulty in

describing the processes on a purely theoretical basis?
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g MR. MOORE: Yes, as described in the Idaho report,
2 which you are reading.
s MR. FORD: Is it correct that these empirical
4 correlations are based primarily on steady state data from
5 tubes and annuli rather than on transit data from rod bundles?
& MR. MOORE: No.
7 MR. FORD: Are you familiar with the code TRITA-1B
a that was recommended by the Atomic Energy Commission in its
P interim policy statement of June 29, 1971, for analyzing
9 behavior of a nuclear veactor core during a loss of coolant
93 accident?
12 MR. MOORE: Not in detail.
13 MR. FORD: Are you familiar with the general
14 structure of this code so that you could compare its structure
15 and the nature of its simulaﬁion of accident situation with
16 that of codes of Westinghouse?
17 MR. MOORE: Not in detail.
18 MR, FORD: Can you tell me, in terms of simply the
19 complexity with which the code is able to deal, whether or
20 not under one hand it is correct that to accurately determine
21 the response of the fuel rod, the complete set of conservation
22 equasions must be solved in detail thxoughout the primary
23 system?
24 MR. TROSTEN: I object to the question on the
25 grounds of no showing of relevance, My. Chailrman.




BWu2

80

7%

i2

3

14

3

16

17

I8

19

20

21

22

3006

MR. FORD: 1If Mr. Trostem understood the nature of
the previous questions, it would be clear that this is again
concerning the ability of the codes to represent complex
thermodynamic situations.

MR. TROSTEN: 1 reiterate my objection, Mr. Chairman.

CHAIRMAN JENSCH: Is i your thought that the code
does not have that compass?

MR. TROSTEN: I feel Mr. Ford has not shown the
relevance of this particular question to the issues and to
the line of questioning that he is propounding to Mr. Moore.

EIAIRMAN JENSCH: I understand that is your view.

I am trying to find out what you think about the codes. I
understand the inquiries are related to the codes. You may
think something‘about the codes. Just to declare it is not
relevant doesn’t help us.

MR. TROSTEN: If I make an objection to a question
of relevancy or if I object to the relevancy of a line of
questions with a person of alleged technical or techmical
qualifications who is propounding the question to the witness,
1t seems to me it is incumbent omn the interrogator to explain
the relevance of it to the Board so you may rule op it.

MR. FORD: My first question containz the processes.
In connection with that, I am asking you a question about how
the complete set of conservation equasions relates to these

processes involved.
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MR. TROSTEN:

MR.

FORD:

3607

It seems to me, Mr. Chairman -~

(3

The answer to my first questionr, I might

point out, Mr. Trosten, was yes. A nuclear resctoz accident

does involve the specific phenomena aboui with I am asking

now the further question, about the codes representation.

MR. TROSTEN:

propounded by Mr. Ford, the thrust of it, Mr. Chalrman --

it has a number of elements as I heazr him describing it.

The thrust of it Is seeking information from Mr. Moore as to

a comparisonr of the Westinghouse and the Atomic Energy

Commission code.

I don’t think that he has made any showing

of relevance of this. That is why I have objected to his

question.

CHAIRMAN JENSCH: The objection is cverruled.

Do you have the question in mind?

MR. MOORE: 1I'd like to hear ﬂtne question again,

Please.

CHAIRMAN JENSCH:

MR,

FORG:

Reread the question,

Is it correct that the cost of the

As I understand the line of questioning

complexity of che fluid dynamic and heat transfer processes

occurring in a niuclear reactor cooler during loss of coolant

accident, that to accurately determine the response of the

fuel rods, the complete set of conservation equasions must

be solved in detail throughout the entire primary system?

MR.

MOORE:

No.

I guess T would disagree with that
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as stated.
MR. FORD: Can you give me the basis of your disagree-
ment, please?
MR, MOORE: I don't quite understand what they mean,

throughout the system. We are talking about a rod snd then

we are talking about a system. So it is not clear what they

are discussing.
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MR, FORD: In terms of the interdependence between the
varioﬁs mass and energy redistribution processes, in terms of
this complicated interdependence is it required that this kind
of complete set of conservation equations be solved, br.is it
satisfactory simply to determine the fluid behavior using not
very detailed solutions of these comservation equations?

MR, MOORE: That 2ll depends on the type of analysis
you are doing and the alternate use of the answer.

MR, FORD: Kow in éerms, as the gquestion was originally
set, of accurately'&etermining the response of fuel rods to the
accident situation is it necessary to solve the ccmplete set of
conservation egquations in detail?

MR, MOORE: Where the attempt is to exact1§ determine
such temperatures I would say the answer is ves,

MR, FORD: Can you tell me what topicél report or
major reference or minér reference that the Westinghouse
cgrporation has put together discussing its view, (a2) on the
necessity of solving these complete set of conservation egua-
zions for the accurate predictions that you indicated, ag&”

{b} setting forth ite theoretiecal justification and asgess ing
the ervor involved in solving these things not in great detail?:

MR, MOOREs Ves. The reference is to the LOCTA
report, the ‘discussion of the FLECHT heat transfer, FLECHT

Feport, the overall calculations performed as described in the

July 13th testimony.
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"MR, FORD: I see, Now can you tell me in terms of youl

use of the FLECHT data or your use of the mid~-plane PLECHT data
and non-use of the other heat transfer coefficients in terms of
the detailed calculations of mass and energy redistribution,
can you tell me whether your use simplf of the mid-plane co-
effiéi@nts'anﬂ not of anvy of the others, whether that is an
approach consistent with the--an a§proach that would involve a
solution of the complete set of conservation eguations?

MR, MOORE: No. As I described earliexr, the purpose
of the analysis is to determine the peak temperature that occurs
in the core, and the result of the FLECHT program at the mid-
plane are directly applicable to peak temperature calculation.

MR, FORD: So the answer is no, this approach is not
consistent with the more elaborate approach that I have describe

MR, MOORE: And not necessary.

MR, FORD: Now in the Idsho Nuclear Corporation
report on THETA-1B code the document IN-1445, Pebruary, 1971,

entitled “A Computer Code for Nucleay Reactor Coxe Thermal

process of development that's going on in the code and of their
¢wn code they say that it was, 6n Page 2, it was designed more
as a development tool than as a production code. COuldlyou
tell me in--

CHA IRMAN JENSCH: I wonder if you would hand the

document to the witness and point out the place to which you
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MR, FORD: Tt's a typed sheet, siv, with my note, that
I'd be happy to iet him see that.

CHA IRMAN JENSCH: You don’'t have to show him your note,
Show him the document.

MR, FORD: I have simply on this particulér document
three typed sheets of divect guotations from it.

CHA IRMAN JENSCHQ That®s all you have on your typed
sheet?

MR, FORD: ?ps“

CHAIRMAN JENSCH: sShow it to Applicants® counsel and
then it's subject to introduction as a document.

Is the witness familiar at all with the Document IN-
14457

MR, MOCRE: No, not in detail.

MR, PORD: I had previously asce:tained from the
witness, Mr., Chairman, that he was familiar iﬁ a2 general way
with THEBA;IB, which is the cede that's deséribed in this
document. I don't intend to gef into the minutiae of the code.
It's the moie general characteristics of it that are of interest
to me.

CHAIRMAN JENSCH: Show the document to the witness,

MR. TROSTEN: Mr. Cha2irman, I think thate-

CEAIRMAN JENSCH: Wait a minute. Iet’s let the

witness finish reading and see what the gquestion is.
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Have you finished reading?

MR, MOORE: VYes,

CHAIRMAN JENSCH: What is the question?

MR, FORD: I need my sheet,

My question is whetiher the Westinghouse codes for
reactor cdée thermal analysis can be similiariy considered as
development tools in the field of accident analysis, rather
%han as produciion codes?

MR. TROSTEN: Mr, Chairman, the interrogator has
shown the witness a piece of paper that purports to be a copy
of excorpts from a document that the witness has said he is
not fully familiar with. The witness does not have the docu~
ment before him. There is no showing in the record, in the
evidence, that the document that the interrogator is questioning
about actually says what it says, what that sheet of paper shows
and I think under these circumstances that this question is
improper.

CHAIRMAN JENSCH: Well, I think ordinarily I think
the document from which the excerptkhas been taken should be
produced. However, as I understand this guestion neiiher the
document nor the excerpts are important to the queétiohu As I
understand the query is whether the Westinghouse code can be
considered as a developmental code or asg a production code.

It doesn’t make any difference what Idaho says about their own

code.,
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MR, TROSTEN: I understand the Chairman’s construction
I don't guite understand why if neither the document nor the
éxcerp& are important why Mr., Ford felt it necessary to read it.

CHA IRMAN JENSCH: In exoss-examination I think we are
getting to a different field. I think we will all take a look
at the question as it is and the objection is overruled,

The witness way answer.

. MR, MOGRE: Our LOCTA code I would consider a pro-
duction code.

MR, FG&D; Is further development work on the LOCTA
code planned, or underway?

MR, MOORE: None specifically, no.

MR, FORD: Does your code in its calculétionswmﬁo
vou have to put in boiling data for the water and rod bundles
at high pressure?

MR, MOORE: We use heat tramsfer correlations. No.
We use heat transfer correlations that are explained in the

material which describes our analysis.
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MR. FORD: Have any computations of the maximum

cladding temperature that would be experienced during design

basis accident at Indian Point 2 then performed, to your
knowledge, with the THETA-1D and RELAP-3 codes at the Idaho
Nuclear Corporation?

MR. MOORE: Not to my knowledge.

MR. FORD: Did you talk to any members of the Idaho
Nuclear Corporation who were acting under their technical
assistance in reaétor safety analysis program.to the AEC Staff
in reviewing the Indian Point 2 power station?

MR. MOORE: In spécifically reviewing the Indian
Point 2 power station?

| MR. FORD: Ves.

MR, MOORE: No, I don't believe so.

CHAIRMAN JENSCH: There seems to be a pause. I
wonder if I understand the question.

Idaho Nuclear was particularly reviewing the Indian
Point proceeding, was that the baéis of your questioﬁ? You
wanted to kﬁow whether this witness had talked to somebody of
the Idaho Nuclear group respecting their review of the Indian
Point 2 proceeding?

MR. FORD: Yes, sir. It is my understanding the
Idaho Nuclear report on the technical assistance consulting.
program for the AEC Staff, that that involved specific

licensing proceedings that they performed in a review of the
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plant. I want to know how this proceeds and I want to know in
particular if they talked to Westinghouse people.

CHAIRMAN JENSCH: ‘Thank you.

MR. PORD: In the PWR FLECHT tests, am I correcf
that the parameters in this test were initial heater surface
temperature, power density, coclant inlet temperature,
coolant pressure at~the outset, number of rcds in the bundle,
the cold flooding rate in inches per second and the cladding
temperature?

MR. MOCRE: Yes,

MR. FORD: Have I omitted any main parameters?

MR. MOORE: I don'ﬁ believe so, as you read the list
off.

MR. FORD: Is it correct that the following two
parameters were not included in that list and were not
parameters of the FLECHT test: One, the internal gas
pressure of the fuel rods, simulated fuel rods; two, the
heating rate in Fahrenheit degrees pér second by which the
rods were raised to their initial temperature?

MR. MOORE: I believe that's true, vyes,

MR. FORD: 1Is it“correct for the test parameters, thd
following ranges? I will ask you yes or no after Ilread the
range. For initial heater surface temperature between 800
degrees Fahrenheit and 2400 degrees Fahrenheit.

MR. MOORE: I am locking at the summary table in the
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report, the FLECHT report, Table 3-1. I was leoking at just
all the temperatures that are indicated there. I was search-
ing for the maximum. I guess I see & temperature of 2300
degrees.

MR. FORD: 2300 degrees is your maximum?

MR. MOORE: On the summary of the data, ves.
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MR. FORD:V I am reading the FLECHT parameters, the
Idaho Nuclear overview report on FLECHT, Documeni IN-1386
which you have referred to several times yesterday. For the
sake of efficiency, mey I show you the table and .ask you
whether the parameter ranges as indicated here are accurate,
to your knowledge. Secondly, whether the specific values of
the parametexs within the fange that is indicated here that
we are actually testing, whether that slso 1z accurate?

MR. MOORE: You want me to go down through each one?

ME. FORD: 1 think rather than checking every |
number, my impressicn is that Idsho Nuclear is a close erough
contact ﬁhat .~ wouldn’t have made a ghastly error., Simply
by looking at ﬁhe list, whether the ranges indicated there
and specific valﬁes of the parameters, that they indicate

they were used. Specific tests, and whether that is, to

'your judgment, an accurate representation of parameters of

the FLECHY test®

MR. MOCORE: Yes. These were the condicions. As

indicated in this report, they were expected to be investigated.

I believe we covered the range intended in the SUMRary.

MR. FORD: 1In this table of FLECHT test parameters,
it indicates that tests were to be conducted at eight initial
heater surface temperatures, at three initial power density,
at seven coolant inlet temperatures, at five coolant outlet

pressures, and so forth. Is it cerrect that if we combined --
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we wanted to make the parameter combinations. Gr the possible
ways you could put together these eight different initial
temperatures with three different power densities and so forth,
is it correct that the number of parameter combinstionz that
we get is slightly greater than 30,0007

MR, MOORE: I have mo number for that.

MR. FORD: The calculation is by multiplying the
number of selécted values for each parameter by the number of
selected values for all the other parameters so that the total
number of parameter combirations you figure out is glightly
greater tham 30,000. Would you dispute that or would you like
to multiply eight times three times seven times five times two
times‘eight times two?

MR. MOORE: I will trust yar arithmetic.

MR, FORD: 1In terms of the actual FLECHT tests that
were conducted, can you tell me bow many parameter combiﬁations
off of this table are pavameters you actually tested?

MR. MOORE: They are indicated in the report you
have, which is Table 3.1. |

MR. FORD: Is it correct that you tested 73 para-
meter combinations out of a possible 30,0007

MR. MGORE: Did you cbtain tﬁat by comparing the
numbers in that table?

MR. FORD: That's right. There were 73 tests, a

maximum possible 73 parameter combinations, assuming that yeou
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didn't repeat the same thing over and over again. T am looking
at the FLECHT Table 2, which 1s inm the Idaho Nuclesr report.
This 1s just a swmmary table of all of the FLECHT tests.

MR. MOORE: Is this the same report I was looking

at before?
MR. FORD: That's right. That {s IN-1386.
MR. MOCRE: May I see the page you are referfing to?
MR. FORD: Sure.

MR, MOORE: The table referred to here was the
proposed test sequence. We essentially followed that &est
sequence. There may be some differences within the sequence
on specific tests. The specific tests are indicated in Table

3-1 of the FLECHT report.
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MR. MOORE: No. It's as indicated in the reports.

You can see the predicted versus measured correlations are

presented to you.

MR. FORD: Can you tell me what section of the report
correlation analysis is presented in?

MR, MOORE: ves. Beginning at 3-80, page 3-80.

CHAIRMAN JENSCH: Is this of IN-13862

MR, FORD: No, sir. This is --

MR. MOORE: I am sorry. This is WCAP-7865.

CHAIRMAN. JENSCH: Thank you.

MR. FORD: Can you %ell me whether for purposes of
these empirical correlations the statistical indices that we
discussed yesterday, the R® T and F statistic, whether they
were evolved?

MR, MOORE: I don't.belieVE they were.

MR. FORD: Does the statistical analysis that you
‘present offer any other method of doing what the R2 does,
namely, éxplaining‘thé‘éeIUE%nﬁ of variance in heat transfer
coefficients that can be explained by the faciors that vyou
propose, by the independent variables you propose?

MR. MOORE: The correlation was able to predict
the data within plus or minus ten per cent.

MR. FORD: But is it correct that you under-

. 2
standing of the R index is that it’s possible, since R

measures the distance between points in a line, that if
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everything falls within plus or minus ten per cent of the line
the Rz, the per cent of that variance explained, you know,

may nevertheless be exceedingly low?

MR. MOORE: Yes. I believe I understand that. I
would still refer you to the figure 355 on page 3-89 which
jndicates the ability of the correlation to predict the

measured coefficients.

MR. FORD: Capn you tell me whether the errors
involved here, not just}in the entire range but the specific
points, were measuxed such that a statistical analysis cdnld
be performed to decide whether or not these errors were
randomly or not randomly distributed?

MR. MOORE: I don't believe such was done, no.

MR. FORD: 1Is it correct that in the statistical
analysis relied upon hefe that if the errors were nonrandomly
distributed that that would substantially invalidate the
correlation, because in that case another factor was
systematically altering the data, but which was not
accounted in a sample.of indepen@ent vériables?

MR. MOORE: 1I believe all the independent variables
were incorporated into the corxelation.

CHAIRMAN JENSCH: Is that the question?

MR. FORD: No, sir.

CHATRMAN JENSCH: Reread the question, please.

(The pending gquestion is read by the reporter.)
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MR, MOORE: What kind of errors, for example, are
we discussing?

MR. FORD: We are talking -- the definition of erroxr
here is distance between the point and the predicted line.
That is the error. And of the statisticzl analysis we are
talking about the furthest step. We are checking whether or
not the errors are randomly or nonrandomly distributed.

MR. MOORE: Could I hear the guestion again, please?

MR. FORD: Will the reporter reread the guestion
that was previously reread.

{The pending question iz reread by the reporter.)
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MR. MOORE: Yes. MNon-random effects could affect
the correlation. I guess I would argue with the word
"substantially"” &lteﬁ. It's a function of the errors.i

MR, fORD: In precise statistical terms can you
gualify your answer that way?

MR, MOORE:: No.

CHAIRMAN JENSCH: I wonder if I just could go back
to that question. I think the answer was, it could affect the
corxrelation. I think the question was would it invaliﬁate it.

MR. MOORE: Not necessarily. 1It's anuncticm of
the rmagnitude.

CHAIRMAN JENSCH: Proceed.

MR. FORD: In texms of the magnitude that could be
associated with a plue or minus 10 per cent error do you have
statistical analysis that rules out the possibility that your
correlation could not be invalidated in this case by a clearly
non-random error within the range that you are talking about,
plus or minus 10 pexr cent?

MR. MOORE: I confess I don't understand the
question. I am looking at tﬁe figures which shous éﬁrors of
plus or minus within a 10 per cent span. They don't Look
non-random to me as plotted there. I guess I den't understand,
I already indicated I do not have the statistical evaluation.

MR. FORD: I see. Now, this is a --

CHAIRMAN JENSCH: Let him finish. Excuse me.
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Have you finished?

MR. MOORE: 1 am fimished, yes.

MR. FORD: Now since this 1s the result of a multi-
variate analysls is it correct that in order to measure tﬁe
errors involved you simply can’t tell from a disgram on a page
that you are talking about much higher spaces?

M. MOORE: Much higher spaces?

MR. FORD: vYes. Dimensions, many more dimensions
than the two represented here. I mean, my point is since you
are dealing with multi-variate amslysis are you contending it's
possible to look and see the errors or is this because it
iavolves higher spaces and something which requires calculation
rather than inspection?

MR. MOORE: No. My point was that this reference is
forty -- the coefficients predicted for over forty typical runs,
which included many variations of'thé variables that we are
discussing. We started upon this 1ine of.questioning on the
basis of the fact that we didn’t have 30,000 combinacions of
parametergs. I indicated we have done a reasonable job of
determining the effect of various parameters, whicﬁ did not
require performing 30,000 combinations. In that we were able
to correlate the data for rums that had‘ﬁifferent varlations
in these parameters with the correlation. We were able to
predict this.

MR, FORD: 1In terms of the justification for the
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number of parameter combinations used is it correct that the
justification is mainly a financial ome, that 1n a semnse that
investigating more than a few of the parameter combinations
which could conceivably occur would be unacceptably expensive?

MR. TROSTEN: I object to that question, Mr.
Chairman. I don‘’t see the relevamce of that to this inquiry.

CHAIRMAN JENSCH: Would you care to speak to that
mattexr?

MR, ROISMAN: 1T will, Mr. Chairman. I think this
relates to a subject which we have discussed at am earlier
time which relates to this question of the cost benefit
analysis. COne of our contentions in the proceeding is going
to be that it would appear, whether made explicit er implicit
in the way that various things were done, that cost benefit
was a factor in determining the safety of this reactor. The
question here with this witﬁﬁss on the stand is to fimd out

to what extent cost versus benefift was a determination in

deciding how to test in the FLECHT tests and how reliable the
results are, and it’s all part of that.same discussion.

MR. FORD: I might point out specifically in this
context my question was prompted by the witness's previous
answer in terms of his remark to the effect how goecd a sample
was, and I am asking in terms of the virtue of the sample
whether its virtue minimizes the cost of the testing rather

than from a statistical point of view it is to be found to be
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a high quality sample.

MR. TROSTEN: Mr. Chairman, the ﬁurpose of the
question should be to elicit information from the wiﬁngss as
to whether or not the analysis that was presented héﬁe was
adequate. Asking questions extranecous to the issue of whether
the analysis was adequate for the purposes of.the éafety
evaluation serves no useful purpose in this hearing from
Applicants® point of view, and a question of that sort is
frrelevant in Applicante’ view.

CHAIRMAW JENSCH: Certainly the premise §ou néve
established doesn’t make it relevamt. I think the question
is extrameous. I understood that the questioning was trying
to find a basis for the selectiorn of the number of ﬁesﬁs that
were undertaken, and he has offered one, for iﬁstance, that
there was a reasonable correlation. He was able to predict
within a reasonable margin. In cross-examination, I domn’t
think the party is necessarily limited to the answer that's
glven. I think he may press to see are there other factors
that may affect the selection of these tests. |

CEAIRMAN JENSCH: The Board will overrule the
objection to the extent that unacceptability is im the
question,

And will you restate it without the word umaccepta-~

bility. Can the reporter reread it.

(The pending question is read by the reporter.)
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MR. TROSTEN: Mr. Chairman, I ask that the question
be clarified also to distinguish whether Mr. Ford is referring

to Idaho Nuclear Corporation selecting parameters or Westing-

house Corporation selecting parameters.
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[aN

CHATRMAN JENSCH: HMaybe that hasn't been established.
I understood this was a selection made by Westinghouse out of
& possible 30,000 parametérs that Idaho Nuclear suggested, Did
Westinghouse make the seiection of the tests that it would
undertake, or were they given direction in this regard by
Idaho Nuclear? Did they tell you to just investigate seventy-
three tésts?

MR, MOORE: This was jointly determined beéween
Idaho Nuclear and Westinghouse.

CHAIRMAN JENSCH: Proceed with the guestion.

MR, MOORE: The answer is no. Cost was not the only
or main consideration. |

MR, FORD: cCan you tell me, in terms of ybur dig«
cussions with the Idaho Nuelear Corporation, did ybu see eye
toc eye on the number of parameters that should be tested; or
did you want to test more parameters than they wanted to test,
or did they want to test a lot more parameters than youfwanted
to test?

MR, MOORE: I don’t vrecall the detailed discussion.
We came to an agreement on the specific number of tests to be
performed.

CHAJRMAN JENSCH: With whom did you talk and make
this joint determination? Can you recall that?

MR, MOORE: I personally was not involved in these

discussicns., There was a representative, the project director
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or program director from the Idaho Nuclear Corporation that
talked with our people.

CHAIRMAN JENSCH: What is his name?

MR, MOORE: I don't recall,

MR, FORD: Was ite-

CHAIRMAN JENSCH: Excuse me,

MR, MOORE: T don‘t recall his name specificaily; sir

CHATRMAN JENSCH: How did you learn it was jointly
determined?

MR, MOORE: Because I knew that Westinghouse, as a
subcontractor to Idaho Muclear, sat down with +hem to agree
on the manner in wﬁieh these tests were to be perfbrmeﬁ@ ine
cluding the parameteré to be evaluvated. That's the basis for
the report that My, Ford is referring to, which indicates
what the proposed tests would be. That is an Idaho Nuclear
report.

CHATRMAN JENSCH: ‘Who are the fepresentatives of
Westinghouse that made the agreement?

MR, MOORE: We had’Drw.Lo S. Teng who wasgs involved
with the program, and élso Dr. Cermalk., .

CHAIRVAN JENSCH: And they made the agreement with
Jdaho Nuclear: is that correct?

MR, MOORE: Yes,

- CHAIRMAN JENSCH: Proceed,

MR, FORD: 1Is Mr. Cermak here?




16

78

2

13

34

16

17

1&

20
23
22
23

24

25.

| memory from the document IN-1386 that we have referved to

MR, MOORE: No.

MR. FORD: Does the following description of the
criteria for selecting parameters, selecting the number of

parameter combinations given by Idaho Nuclear refresh your

before?

It says on Page 10, in the section called "Porameter
Descriptioﬁ of the PWR FLECHT test plan/ and I Quote: A test
proéram investigating more than a few of the parameter com~
binations which could conceivably occur in a LOCA would be
unacceptably expensive®? |

MR. TROSTEN: Could the reporter reread fhe gquestion,
pleage?

{The last guestion was read by the réporterb)

MR, MOORE: Was the gquestion, is my mémory refreshedd

CHATRMAN Jﬁiﬁ‘&‘ﬂ: Yes .

MR, MOORE: Is that the guestion?

MR, FORD: Ves.

MR. MOORE: ‘I don’t think that's in conflict with
what I said before. I said money was not the only variable
that determined the number of tests.

CHAIRMAN JENSCH: I think the only guestion is, does
that refresh your recollection?

MR. MOORE: I thiﬁk my recollection still stands.

CHAIRMAN JENSCH: Very well. pProceed.
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MR, FORD:

MR, MOCRE:

MR, FORD:

MR, MOCRE:

MR, MOORE:

MR, FCRD:

mance?

i MR. MOORE:

lg Cak Ridge, yes.

MR, FORD:

3632

Is it correct that flow blockage in the

PLECHT tesfs was simulated by placing a perforated steel

plate bundle miduplane?

Yes .

Are you familiar with the Atomic Energy

Commission's programs investigating the effecis of flow block-

age on Emergency Core Ceoling System Performance?

T believe s0, ves.

Are you familiar with the main dbody of

fi this work conducted at the 0ak Ridge National Iaboratory for

the Atomic Energy Commission?

With respect to what?

With respect to zircallioy cladding failure

modes and the effect on Emergency Core Cooling System Perfor-

I am familiayr with tests being rum at
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MR. FORD: Is Oak Ridge the main center for research

in this area, main judge, suppose, in terms of percentage of
the people involved, percentage of the resources expended and
percentage of the tests done, and so forth?

MR. MOORE: I don't have any exact informat;on on
that, but I wouid say no. It was work being donre in several
" places.
| MR. FORD: Who are .the other main flow blodkage
investigators?

MR. MOORE: Other than the reactor manuféctﬁfers,
the Idaho Nuclear Corporation.

MR. FORD: Can you tell me, in terms of the orifice
plate that you used to simulate blockage, is this the manner
in which the Oak Ridge people, to your knowledge, simulate'
flow blockage?

MR. MOORE: Simulate flow blockage in what kind of

testsg?

MR. FORD: In bundle tests, in in-pile tests, and
so forth.,

MR. MOORE: Whaé kind of tests? Heat trénsfer, ox
what? »

MR. FORD: Tests of the effects of flow blockage
on ehergency core cooling system performance.
MR, MOORE: Again, what kind of tests?

MR. FORD: Tests such as the in-pile treat tests
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reported in ORNL~4635,

MR. MOORE: Those were not tests to simulate
blockage.

MR. FORD: By test to simulate blockage I mean tests
which were run with the expectation that the flow blockége
would rise, and with the intention to measure the degree of
blockage énd measure the dégree of coolant flow diversiOn and
so forth. Those are the kinds of tests I am talking about.

MR. MOORE: Those are different kinds of tests, and
they are not all run at the same time.

MR. FORD: What I am simply trying to ascertain is
whether the method that you use to simulate flow blockage in
heat transfer tests, whether that method of putting a steel
grid with uniform o?ifice holds in it, whether that is the

method that other people use when they want to simulate flow

 blockage.

MR. MOORE: With respect to heaﬁ ﬁransfer, I don't
recall any specific tests at Oak Ridge of the effects of
blockage on heat transfer. .There were tests pexrformed at
Idah§ Nuclear on flow blockage and assemblies. We went over
this in some detail with Mr., Roisman, I believe, one day
when you were not here.

MR. FORD: Can you tell me, in terms of your
simulated blockage, is your use of this data with blockage

simply in a heat transfer context, or do you use this
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blockage data to demonstrate that the emergency core cocling
system performance would not be degraded by the fiow around
this blockage?

MR. MOORE: The answer is yes to both questions
because it is an effect on heat transfer.

MR. FORD: In terms of the work at Oak Ridge, are

you familiaxr with the large number of writings of the Director

of that flow blockage work, Mr. B. L. Rittenhouse?

MR. MOORE: Yes.

MR. FORD: Are you familiar with his document:,
"Progress in Zircalloy Cladding Failure Modes Research"?
This is a document, 6RNL~TM~3188. |

CHAIRMAN JENSCH: Can you show him the document?

MR. FORD: Yes. I will do that in a second after
I identify the specific secﬁioﬁ that I am concerned with.
I am concerned with a section on pages 24 and 25 which
relates to the differences between methods of.simulating fiow
blockage. It states, and I quote: "In the PWR~FLECHT
Project, tests of flow blockage were performed with f X 7
arrays (49—rod bundles) of stainless-steel-clad rods. Flow
was blcoked by a 3/8 inch-thick plate at the middle of the
bundle len@th, Blockages of 50 and 75 per cent of the flow
area in the 5 x 5 center array of the 7 x 7 bundle were not
found detrimental to the efféctiveness of bottom-flooding

heat transfer. 1In fact,. these blockages seemed to improve
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cooling capability. Much the same thing was observed by Idaho
Nuclear Corporation in smaller scale experiments. This effect
is explained in terms of atomization of the coolant as it is
forced through the cpenings in the blockage plate. Real

blockages, however, will probably not provide the simple,

uniform orifice configuration that gives rise to this mechanism

(coolant atomization) for impro?ed cooling. Alsoc, it seems
likely that in a réactor ccre the coolant would bypass the

blockage zcnes instead of being forced through them. Tests
with more severe blockages were recently perfbrmedP bqt the

results of these experiments are not yet available in the

literature.”

CHATRMAN JENSCH: Would you let the witness see the
décument? |

MR. FORD: Yes, sir.

MR. -MOORE: 1Is there a date on this report?

MR, FORD: I believe the date of it is January 1970.

MR. MOORE: I don't see any.

MR. FORD: it is one that was provided to us by the
AEC in that form. I believe, if you study the initial
footnotes, it is a progress report and it gives the date of
the previous reports. I pelieve that is January 1970. I
can check that on the way. Let me do that. |

CHATRMAN JENSCH: Are you familiar with the report

or the material reflected therein?
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MR. MOORE: Not the specific report, sir, but the
material reflected in here, ves.

CHAIRMAN JENSCH: Thank you.

MR. FORD: The footnote on the page we are directly
referring to is a paper given July 2, 1970. It is somewhat
later than my previous estimate.

Mr. Rittenhouse's evaluation here of the use of
blockage plates, can we go through this piece by piece? Is
Mr. Rittenhouse correct that real blockages will probably not
provide the simple uniform orifice configquration of the
blockage plate?’

MR. TROSTEN: Mr. Chairman, I believe Mr. Ford is
going over the same grounds.that was covefgd in guestions
26 and 27 that Mr. Roisman asked of Mr. Moore. This appears
on pages 1672 and 1673 of the uncorrected version of the
transcript. I éuggest that Mr. Ford refer to that question
and answer.,

CHAIRMAN JENSCH: I think that reference should be
undertaken. If there is some difference, point out thé
difference.

MR. FORD: I believe I haw looked at the transcript
last night. It does ascertain that the tesﬁs were performed
in using these blockage plates. I don't think the discussion

here at all -- aside from my initial question, I don't think

the discussion will be repetitious.
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MR. TROSTE{l: Before I determine whether I should
object to this as repetitious, I would like to know how the
question and how the answer that was given is not responsive.

CHAIRMAN JENSCH: As I understand, may.I see the
reference? Our transcripts are in our adjacent room.

Intervenor's counseél is handing to me a transcript.
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CHAIRMAN JENSCH: I will return this document to you,
to the Intexrvenor’s counsel,
May we have the question reread.
(The previous gquestion is réad by the reporter.)’

- CHAIRMAN JENSCH: Yes. It is the understanding éf
the Board that the previous questions were answered in a wéy
which Westinghouse indicated the reason they used what they
did. This pending question now is to compare it with what
Rittenhouse says and an evaluation of Rittenhouse's approac@,

The witness may answer it. |

MR. FORD: Mr. Chairman, may I direct your attention |
to the transcript page 1790, where Mr. Roisman asked me
further guestions. in somé detall onthesimulations of blockage,
not only of Westinghouse tests but Idaho tests. :

CHATRMAN JENSCH:‘Well,-ndwg-gre we back to 0Oak Rid;e?
‘I think we went over Oak Ridgé. Now we have different
analyses, some from Oak Ridge, scme from Idaho, and some of
yours. I think the question is related to yours. In your
judgment, what are Rittenhouse’s suggestions and the results |
of his work? Can you approach it from that point of view? 4

MR. TROSTEN: What is the Chairman’s question? I am
sorry.

CHAIRMAN JENSCH: I am not asking any questions, but
I understand the question preopourded to the witness requests

his judgment of Rittenhouse's analysis.
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Can you approach it from that point of view? |

MR. MOORE: Yes. As I uaderstand the question, it’s
does the flat plate simulate the kind of géemetry expecte%
under the actual conditions? The answer is mo. And the
detailed development of that has already been follbmed'in the
transcript on page 1790.

MR. FORD: The precise question was whether Mr.
Rittenhouse was correct, that real blockages will ﬁrobably not
provide th& simpler uniform orifice comfiguration that’s
represented by the blcckage plate.

MR, MOORE: That's right, no.

MR, FORD: 1Is Mr. Rittenhouse correct that it is
likely that inr g reactér core the coolant would bypass the
blockage zones instead of being.forced through them? |

MR, MOORE: Yes. As demenstrated in our tests where
we had’IOO per cent blockage.

| MR. FORD: By blockage zones here is he, as I under-
stand him, talking in general terms of blockages? Has he
specifically qualified himself£? Hé is only talking about the
extreme case of a 100 per cent blockage.

MR, MOORE: I don't know.

MR, FORD: I can givé you the reference, and let me
ask you if you can point out how it’'s not clear, that he is
simply talking about a genmeric blockage rather than the

extreme case?
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Now, f£rom your study of his statement is there any
indication that he switched in the point I was asking you
5bout from talking about blockage in general to simply talking
about an extreme case of a 100 per cent blockage?

MR, MOORE: 1I believe s0, because he is referriﬁg in
the end of that.paragraph to tests with more severe blockage
being pexformed. Those were the tests I referred to.

MR. FORD: 1Is it not correct thet the talk of more
severe blockage Sllows his talk about the blockage of zones
causing radial flow? And are you still referring to 50 or 75
per cent blockage that was simulated by the orifice grids that
he was talking about? |

MR. TROSTEN: WMr. Chairman, I object, because what
appears to be happening here is that Mr. Ford is reading a
document and interpreting it in a certain way and he seems to

"be asking Mr. Moore to read the same document and then the two
of them are going to discuss what it is that some third person
meant, and I don’t think that has anything to do with what we
aré trying té establish here.

CHAIRMAN JENSCH: I think the objection 1s well
taken. I think we have a great deal of difficulty here with
semantics. I think it's a difficult way te approach it, to
take a document and try to ascertaln the meaniﬁg of a writer
or what he really was saying and so forth. I think if there

is some contest as to whether what Westinghouse did or the




GBu4

10
it
12

13

34

5

96

17

i8

19

20

&1

22

23

24

25

3042
kind of steel plates they used were adequate or inadequate, I
think that is the way to approach it. And, '"Would you believe
that Joe Blow should have used a sieve or a screer or something
else?”

I mean an analysié of the mechanism itself rather
than what somebody else said about a mechanism. The objection
is sustained. / |

MR, FORD: The geometry of the orifice, iz it simply
a round holé_in the plate or is it irregular in any way?

MR. MOORE: These were round holes in plates.

Let me correct that. We have both types. We had
round holes and we aiso had some square holes.

MR. FORD: Did both give the same coolant flow area?
Was the area of the_hole the area of the circle? |

MR. MOORE: Yes. We had tests with thé.same area
blocked.

MR. FORD: Did you perform any sensitivity analysis

on the differences, on how the differences in'orifiee‘geametry

related to differences in flow and coolant atomization and so

forth?

MR. MOORE: Yes. We had the heat transfer coeffi«
cients obtalned from both geometries.

MR. FORD: VYes. Now; 1 aﬁ asking did you do any

statistical comparisons of the heat transfer coefficiemts with

the cooled atomization you got with one geometry versus the




GBu3

3043

heat transfer coefficients that you got from the other

geometry to determine whether orifice geometry was the influ-

ential statistically significant way with heat transfer flow

blockage, et cetera?
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MR, MOORE: No. We just observed that in all cases
heat transfer was improved,

MR. FORD: In all cases of having the plate?

MR.MOORE: That's correct.

MR, FORD: But amy duestion was whether you dif-
‘ferentiated in your stu§ies of data between the plate with the
square holes and the plate with the round holés in teimé of
direct analysis of the data or sensitivity to the gecmetry?

| MR, HMOORE: No. |

MR, FORD: Have you performed caliculations ﬁhat lead

you to expect that there would be no difference in heat'téénsfer

if ypu used a square orifice or the use of a round orifice?

MR, MOCRE: No. We have been over this ground before
behavior with beth geomatriasg' We also observed with movies
of the Ydaho tests with different smooth-tapered geometries the

same effect. They had the same kind of inprovement in heat

MR. FORD: So that you contend from the data that you

" have available that the magnitude of radial £low that,aceompéniés

flow blockage is well-~established and smali?

MR, MOCORE: No. We observed the effects of.blockage,
including one hundred per c¢ent blockage in the sixteeﬁ channels;
We observed that there was atomization Que to blockage'ané

turbulence even downstream of blockage, one hundred per cent
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blockage, such that the:effective heat transfer waslgreatéi
thaa the no block case.

MR, FORD: 1In terms of the radial flow around éhe
blockage, as I take it, éxcept for the most extreme case, am
I correct that you didn’t cbserve radial flow? Instead thé
coolant, in a turbulent way, it was nevertheless force&lup
through the channels in which it was already traveling?

MR. MOORE: Essentié.lly-, ves,

MR, FORD: So that does that pravideldata on the non-
existence for all practical purposes of radial flow as theé
éesult of flow blockage?

MR. MOORE: Insofar as we observed no radial flo in
the bundle, the reservations, of course, of geomeéry”in the
bundle still cbtained, The fundamental point is ihat it's the
ﬁater droplets which are being carried by the sfeam whi¢h are
t raveling in the upward direction are broken up t6 improve the
heat transfer.

That’s the phenomena which will‘not be very sensi-
tive to radial flow.

MR, FORD: Now in terms of the extent té which your
data says something 2bout the magnitude of radial flow and
establishes a fact about thé magnitude of radial flow, given
changes in a given flow blockage do you dispute the judgment
of Idaho Wucleay COrporati&h in this report IN-1387, techmical

description of the assimulated emergency flow effects, SEFET
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project? Their judgment was stated on Page 5 concerning
radial fiow; and I guote, "No known data are available which
establishes the magnitude of radial flow in rod arrays'for
singlé and two~§hase fluids.®

MR. MOORE: May I see the refevence, please.

MR, FORD: The questioh was whether you dispute this
statement .-

MR, MOORE: As indicated in the testimony last week
we had some measure of radial fiow through the FPLECHT tests.
Also what the pressure drop situ2tion was in the core and how

the velocity contribution to pressure drop was éery small, that
the main pressure drop was an elevation pressure drop, and I
gave you the reasons why we consider radial fiow not to be a
serious consideration in the evaluation of the pealk clad
temperature.

MR, FORD: NGQvis it your contention that the data
which you have evolved in the FLECHT tests refutes the
assertion of Idaho Nuclear contractors of the FLECHT test that
no known data are available which establish the magnituée of
radial flow in rod arrays of single and iwo phase fluids?

MR. MOORE: No. fThe FLECHT test was a rod array.

MR, FORD: 1Is it no, that data does not provide
reputation of this? I that what you mean by ao?

MR, MOCRE: I disagree. There isc data.

MR, PORD: VYes.
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G2Bt4 i MR. MOORE: That was carefully weighted, but there

‘ 2 is data with respect to a radial flow in a rod bundie array.
3 MR. FORD: Now in terms of the relevance of the

. G FLECHT data to the radial flow question, may I refer vou to

B the final report on FLECHT WCAP 7655, Section 4, concerned

8 with The Relation of the FLECHT Test to the Reacior LOCA

7 Analysis, the title of Section 4, Section 4.1, The Assumptions

8 and Limitations of the FLECHT Tests, and in particular to Page

L 4-5 which says at the top, and I quote--do you have the docu-

10 ment there, Myr. Moore?

71 MR, MOORE: Yes,
h2 MR, FORD: PFine. Waich says; and I quote, "It should
‘ 13 be noted that nho ai:i‘:empt was made to simulate corewide radial

14 flow effect in the PWR FLECHT tests. Typical reactor loss of
5 coolant accident calculations indicate that thécoolant"”flow
16 at the mid-plane at the hot assembly with fifty par cent flow
17 blockage would bé approximately seventy~-five of the core

18 average., Therefore, it is importaizé to recognize the need to

19 take the radial flew Qistribution into account inusing FLECHT

20 data for reactor loss of coolant accident analysis,.®

21 MR, MOORE: Yes,
22 MR, FORD: With this statement of the limitation of
‘ 23 | PLECHT tests as far as their applicability of the question of
24 | corewide radial ficw goes, do you still contend that FLECT

25

data is a reputation of the Idaho Nuclear statement that there
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is no known data available which establishes the magnitgde of
radial flow in rod arrays for single or two-phase fluiéé?

- MR, MOCRE: That's not inconsistent with théé I said
before. Properly weigh the data you have and what it repre-
sents and do not ignore all the other conditicns %hat.ékist in
a loss of codlant_

MR, FORD: You refer in the Wbstiﬁghouse repoft to
caleulations indicating that in an accident fifety per cent
flow blockage there will be approximately twentyafive pexr cehﬁ
radial flow.

MR, TROSTEN: Mr., Chairman, I suggest that Mr. Ford
is becoming repetitious of material that was gone over at
length, starting on Page 1834 of the transcript,

MR. FORD: T appreciate the fact that the épecific
quotation from 455 of WCAP 7665} which we were just discussing,
was previously discussed. My suggestiom is that T am us ing
this material or attempting to use it in a vety specific new
context, namely reiatingthe qualificétions of FLECHT test .
data with regard to radial flawu relating those qualifications
specifically.%o the strong inclusion of Idaho Nuclear, namely |

that no known data of the wmagnitudes of radial flow are

available.




LlWml

¢
91
12
13
14
135
18
17
[ 1:3
i3
29

21

&4

2%

3049

MR. ROISMAN: Mr. Chairman, I should also like to
point out that at the request of the Applicant, Mr. Ford
interrupted his examination on radial flow which began on
pages of the transcript that he is referring to, and turned
instead to the metal-water reaction question hecause of
Mr. Roll's availability. I think it was madée clear -~ I'm
soxry, I don't have that transcript here in front of me.
There might be a little bit of overlapping. We got back into
the area mjain of radial flow. We did it as a courtesy tc the
Applicant. I think it is unreasonable of Myx. Trosten to take
an overtechnical attitude here with regard to what is probably
not a repetition in any case.

CHAIRMAN JENSCH: As I understand it, vou are now
seeking to use this information as the basis of a different
inquiry; is that correct?

MR. FORD: That's correct, sir.

CHAIRMAN JENSCH: The witness may answer.

MR. MOORE: Could you reread the question, please?

MR. FORD: I'm afraid Mr. Trosten intarruptéd sy
line of thought.

CHAIRMAN JENSCH: I thinkyou started out to say,
would you take this calculation of the Westinghouse report on
the 50 per cent flow and 25 per cent radial -- something like
that.

MR, FORD: What I°d like to ask now is that you
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compute with 50 per cent flow blockage, 25 per cent radial
flow. 1Is that correct?

MR. MOORE: That's correct, as I indicated in the
previous testimony. We calculate a 25 per cent flow reduction
due to the effects of blockage. I indicated how that is
calculated.

MR. FORD: That's assuming a 50 per cernt blockage.
Have you performed calculations of the magnitude of radial
flow assuming a 60 per cent blockage?

MR. MOORE: I have such a calculation. I don't have
it in my notes right in front of me. You're asking the effect
of blockage on redistribution, correct?

MR. FORD: Yes.

MR, MOORE: I have that. I don't have those notes
directly in front of me.

MR. FORD: In terms of the general relationship
between flow blockage and radial flow, is it correct that as wel
increased the per cent of flow blockage from 50 to €0 per cent,
it would be an increase in the per cent of radial flow from
25 to a higher per cent?

MR. MOORE: Yes, more blockage and moie redistribu-
tion as we calculate it. It is a very conservative calculation

MR. FORD: Is the Idaho Nuclear Corporation
correctly describing the PLECHT project, the BWR FLECHT project]

when they say, "It has provided the experimental information
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required to analyze the refiooding portion of the loss of
coolant accident in BWR reactors under the assumed conditions
that radial flow is negligible"?

This is from page 2 of the report IN-1387.

MR. MOORE: N;, That's an overstatefnent° It
doesn’t recognize the way the over-all analysis is performed.

MR. FOED: Would the follewiﬁg qualificati&n make it
less of an overstatement? They continue. It says, and I
quote again from pageIZ: "However, seveial conditions
occurred for and during éore refiooding that provide the
potential for‘radial fldw and subsequent coolant variation in
the hottest coré regions."

MR, MOORE: Perhaps I'd better see the referénce to
get it into context.

CHAIRMAN JENSCH: While the witness is examining the
document, I wonder if any of the paities can indicate to us
whether the Board has been provided with the Idaho Nucleax
documents, 1386 and 1389. Has any of the parties sent those
documents to the Board? We don't seem to have our files.

MR. TROSTEN: Mr. Chairman, tc the best of ou;'
knowledge, Applicant has not furnished these to the Boérd.v

MR. KARMAN: Mr. Chairman, I am checking now. My
reéollection was we sent copies only to attorney féf the
Intervenors. I am going to check my records.

CHATRMAN JENSCH: At your convenience, would you
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send a copy of these Idaho Nuclear reports to Dr. Geyer?

MR. KARMAN: Certainly.

MR. FORD: I can provide the Staff with a list of
approximately a dozen Idaho Nuclear Corporation reports that
I have or will be using. I also point out that the maiﬁ
reports I am'using have also been iisted by the Haﬁauer Task
Force on emergency core cooling systems as documents that they
consulted in their review of emergency core cooling systems.

CHAIRMAN JENSCH: Let me amend that statement. If
the transmittal may include all of the documenté which have
been submitted in reference to the Idaho Nuclear repofts,_
may I have a copy as well?

MR. KARMAN: We will so endeavor teo deo, Mr,'Chairman°

MR, TROSTEN: I wonder if it would be pocssible to
take a five-minute break for the witness, consistens with
what we did yesterday.

| CHAIRMAN JENSCH: I was trying fo make a long
distance call at 10:45. I was hoping to hang on. Mr.
Witness, are you able to hang on for another few minutes?

MR. MOORE: Yes, sir.

MR. KARMAN: Mr. Briggs, are you desirous of having
copies of these reports és well?

MR. BRIGGS: I think we ﬁave them at OCak Ridge.

MR. KARMAN: Thank you very much.

CHAIRMAN JENSCH: Thank you for your inquiry.
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MR. FORD: The question was whether Mr. Moore disa-
grees with the amralysis presented here, or the hypothesis -
presented here in this section of the Idaho Muclear repért,
that, "Several conditions occur before and during core reflood-
ing that provide potential for radial flow and subsequent
coolant variation im the hottest core regions.”

MR, MOGRE: There are specific items referenced there
that I don’t feel are germane. My point earlier was that
taking a specific phenomena out of context with the cver-all
calculagion is misleading. The referencas to potential
redistribution I would concur with.

MR. FORD: 1In texms of takingvthis Ydako Ruclear
document on radial flow in context, do you think it might help
simply to gilve a summary of the report in a brief teﬁ;line
abstract? Would it help you to determine your over-all
position versus their over-all position if I ask you whether
or not you agree with the summary of the substance here in the
abstract? Let me vead it, if I may. it is only ten lines.
Then I will let you study it.

This is 2 description, a tech@ical descziptibn of
the simulated emergency flow effects test proiect on page 1II.

"This report describes the technicel program to the
SEFET Projeét, the sinulated emergency flow effects tests
project that is designed to determine the magnitude of the

radial flow and coolant bypass problem following a loss of
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coolant accident. Calculations indicate that this problem
may cancel the margin of safety previously thought to exist
in emergency core coolant systems.

"Since the primary lcop pressure drop controls
coclant bypass, full length heater rods and full length steam
generator tubes will be used in SEFET to obtain the ﬁaﬁe
amount of superheating and loop pressure drop as will occur
In pressurlzed water reactor. The magnitude on radial flow
will be comtrolled by core te@perature gradients and the ratio
of hot to cold assembly volumes,

"SEFET rods will be placed in a wedge-shaped array
and the power to the rods will be centrolled to gxovide as
much or more radial flow‘as will occur in a reactor.”

MR. TROSTEN: What is the preciée question?

CHAIRMAN JEWSCH: I think if the reporter can reread

“it, as I recall, it is what is his over-all review of the

tests in comparison with the Idaho statement.

(The last question was read by the reporter.)

MR. MOORE: I don’t agree with the summary.
Specifically what is not recognized in the summary is the
manner im which the calculations are performed. We take the
hot assembly, and in determining the flooding rate im;o the
core, which is the primary parameter with respect to heat
transfer during reflooding, we assume the whole core acts as

a hot assembly; that all afsemblies are hot assemblies. This
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CHATRMAN JENSCH: Please éome to order.

The witness has resumed the stand. Are you ready to
proceed, Intervenors?

MR, FORD: Yes, sir,

CHAIRMAW JENSCH: Please do so.

MR, FORD: My, Moore, in the abstract here the kind
of wedge-shaped axray wikh full-length heater rods, full-length
steam generator tubes and so forth that have been used in these
tests to study radial flow, are you familiar with the basic
apparatus that's being referred to here, the 300 rod configura-
tion of 45-degree wedge with a six~foot radius of the PWR core?

MR. MOCRE: In general, ves.

MR, FORD: Can vou tell me aoés Westincghouse in their
evaluation of the role of radial flow in an accident, do you
at present have any data from any large-scale ecross-sectional
geometry of the core?

MR, MOORE: Not speéifically for that condition.

MR. FORD: So that the specific kind of tests that
are being talked about or are planned under the simulated and
emergency flow effects test project, these would be very dif-
ferent kinds of experimental results pertaining to radial flow
than the ones that have been formed to date, is that correct?

MR, MOORE: Yes. Although I understand those tests
are not planned.

MR. FORD: Is it correct or is your last statement
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has the effect then of giving us a lavger corewise . encrainment
and a greater mass flow through the system which they reference
is an importamt consideration. The system loop pressure drop

is what determines the flooding rate. So we have underpredicted
the flooding rate and therefore unpredicted t&é effect of heat
transfer at the hot spot. 8o that we already have teaken into
account this variation that they are talking about with

respect to the leoop.

CHAIRMAN JENSCH: Maybe this would be a comvenient
time to interrupt your examination. Would it, Intaevvenors'’
interrogator?

MR, FORD: Yes.

CHAIRMAN JENSCH: At this time let us recess and
reconvene in this room at 11 o’clock.

(A recess is taken.)




IBt2 1 disputing the fact that the SEFET projects part of the water
‘ 2 reactor safety program of the Atomic Energy CGnnmiss ion?
3 MR, MOORE: It is my understanding it is not.
® 4 MR, FORD: I see. Now I refer here to Page 1 of the
5 iN-1387 report which states, and I gquote, “The SEFET project
g is part of & water reaéi:or safety program with the Atomic
7 Energy Commission,®
8 MR, MOORE: It's my understanding funding was not
g c:a-iloca‘ted for that ?ar’cicular test.
jile) MR, FORD: Vou rﬁean it hasn’t been alliocated yet or—-
19 MR, TROSTEMN: Mr. Chairman, I don’t understand the
92 purpose of this line of guestions, ., Moore has been asked
‘ i3 a guestion whether the SEFET program is part of the Commissionts
14 | program., He has answered it.  Now Mr. Ford for some reason
15 keeps asking him the same question, which is not apparent to
18 me.
17 CHAIRMAN JENSCH: I think in addition, of course,

13 what is the ARC program has to be determined by the AEC. He

89 has given his understanding and the objection is sustained.
20 MR, FORD: You mentioned before the break that in
21 your analysis you assumed that all alsseniblies are hot assembli@».&;w
22 Does that mean that if we loocked at the radial temperature
‘ &3 profile during normal and the same profile for abnormal opera-

24 tion that it‘'s flat across the core or that it's assumed to

be flat across the core?
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MR, MOORE: Yes. In the context of calculating
flooding rate,

MR. FPORD: Now in the context of analyzing radial
fiow, isn‘t oﬁe of the importan:t potential contributors to
radial f£flow Tthe temperature gradient, the temperature dif-
ferences radially across the core?

MR, MOORE: Heat flux differences, yes.

‘MR, FORD: .Is it correct in terms of ny wmder-
standing of the Fuel coﬁfigura-tion in Indian Point 2 that there
are @ifferent concentric enrichment zones, such that if we
plotted the radial temperature profile at the very midpoint
of the mid-plane, it would have éérta in height. As you go
out along the radius it declines within the center enrichment
zone and then as you get into the outer emrichment zone it
goes up again slightly and then declines agzin., Is that an
accurate general description of the mid~plane radial temperatur
profile in mdian Point 27?

MR. MOORE: Basically, ves. There is a variation
across the radial dimension.

MR, FORD: The variation across the vradial dimension,
is it correct that these temperature gradients provide the
potential for radial flow and subseguent coolant starvations
in the hot channels during reflooding?

MR, MOORE: No, not so much during reflooding, be-

cause as I indicated earlier during reflcooding the main

W
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differential pressure across the core, as I rvreflood, is an
elevation effect, not a friction effect. |

MR. FORD: So that do you, and I will give you the
statement to read, do you then wish to contradict the state-
ment of Idaho Nuclear on Page 2 of the report IN-1387, "The
temperature gradients and channel blockage expected in the
large PWR cores followiwng blowdown §zovide potential for radial
flow and subsequent coolant starvation in the hot channels
during refleooding. This potential for radial-~" let we just
stick ¢to that sentence, Do vou wish to contradict that state-
ment of IGaho Nuclear?

MR, MOORE: I wish to :ead it in contect.

Where are we in the statement? Thank you.

Well, T would agree with the statement Qith respect
to channel blockage in that as I indicated in earlier testi-
mony we calculated the effects of channel blockage in a very
conservative way in that we ignored any rezistance to possible
flow vedistribution in the crossflow direction as indicated
in previcus testinony. We took the reduction in flow, the
twenty-£five per cent reduction in flow due to blockage as
indicated earlier in testimony and calculated its effecf on
the peak temperature in the blockage region.

| The point to remember here is that we never in the

calculation of the temperature--we did rot take credit for the

improved heat tvansfer due to atomization. So taking a statemeht
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out of context in the sence that one argues channel blockage
can cause coolant starvation in the hot channels during re-~
flooding, yes, channel blockage can, Yes, we have evaluated
it., We have even evaluated it in beneficial effects and have
ascertained the upper bound. 8o my point is yvou must take all
these statements in contexi and maany of the discussions that
may appear in Idaho Nuclear veports don‘t really reflect the
way the actual analyses are performed on a reactor.

MR, FORD: Well now, let me discuss the specific
mechanisms which they suggest in that veport would cause
radial flow.

May I have the report back.

MR, MOORE: YVes,

MR, FORD: Now in your analysis of the mechanisms
of cooling that take place during the reflood is it correci
that steam-entrained water droplets that would be in the
channels several feet above the actual flocding level, that
these steam entrained water droplets are essential to the
entire heat transferring and cooling process?

MR, MOCRE: Yes.

MR, FORD: 1Is it correat that there avre Liedenfrost
forces exerted on these droplets?

MR. MOORE: Yes,
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MR. FORD: 1Is it correct that pjedenfrost forces

cause the droplets to be forcibly ejected from hot surfaces

by a build-up of steam pressure between the surface and the

droplet?

MR. MOORE: Yes, I bhelieve this is an agitation
phenomena.

MR. FTORD: 1Is it correct that as these droplets
bounce back and forth in a random fashion wiéhin the channel,
then they find their way into adjacent flow channels?

MR. MOORE: It is a possibily, yes.

MR; FORD: Is it correct that Liedenfrost forces
exerted on droplets in cool channels are not as great as the
force on the droplets in hot channels?'

MR. MOORE: Yes.

MR. FORD: Is it therefore é possibility that the
net result of Liedenfrost forces on the steam entrained water
droplets that are important to rod cooling is a tendency for
droplets to migrate from the hot central core regions to the
cooler periphery?

MR. MOORE: No. I think Liedenfrost effecﬁs, as
referenced here, occurred short distances as indicated
bouncing from rod to rod. I suﬁmit that the FLECHT analysis
where we had 100 rods in a bundle with a variation in power
level from rod to rod, a total radiant of, I believe, 10,

15 pex cent -~ it ig in the FLECHT report -- that these




+Wm2

10

71

92

13

15
i6
17
8
19
20
21
22
23
24

25

3062

effects, if they were significant, did exist in the FLECHT
tests, and therefore our heat transfer coefficients that are
derived from the FLECHT tests will probably account for this
particular phenomena.

MR. FORD: 1Is the open lattice characteristic of;the
pressurized water reactor core simulated in the FLECHT test

bundles?

MR. MOORE: The bundles were open bundles, if that's
what you mean.

MR. FORD: My obvious point, Mr. Moore, are the
walls that enclose the buﬁdle against which the droplets can
bounce back into the bundle, and so forth, do these walls
simulate walls_in the PWR core?

MR. MOORE: ©No.

MR. FORD: Let us talk about the distance over which
the migration takes place. In terms of the general direction
of migration due to the Liedenfrost forces, it is correct that
the direction will be from hot channels to cool channels; is
that correct?

MR, MOORE: Yes, I believe so.

MR. FORD: 1In terms of the time over which this
occurs, is it the case that even though the distance traveled
per millisecond is small, that given the times involved are
before quenching on the mid?lane, is it possible that the

cumulative effect of these small movements and the allowabie
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time would cause substantial radial flow of the order of
several inches or feet from the core hot spot?

MR. TROSTEN: That is a long gquestion, Mr. Ford.
Would you mind reading that back to me, please.

(The last question was read by the reporter.)

MR. TROSTEN: Thank you.

MR. FORD: Are you going to answer the guestion, Mr.
Trosten?

MR. TROSTEN: No. I was trying to determine whether
I should object to it.

MR. MOORE: No, I don't think so.

MR. FORD: Can you tell me, under the low flooding
rates, that is two inches pexr second or less, what is the time
between the occurrence of steam entrained water droplets at
the midplane and the final cienching of the midplane?

MR. MOORE: No. Perhaps you don't understand the
phenomena. The heat transfer is not turned around by
quenching phenomena.

MR. FORD: There is no misunderstanding.

MR. MOORE: O.K. I don't have a particular value
for the quench time and the hot spot in mind.

MR. FORD: Let me draw a diagram to help us.

{(Diagram drawn by Mr. Ford.)

MR. TROSTEN: Mr. Ford, excuse me. Could you stand

in such a way so that all persons in the room and Applicant's
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counsel coculd see that diagram?

CHAIRMAN JENSCH: I don‘t know whether it is going
to be possible with that grand piano behind there. Mr. Cahill,
I notice, the other day, moved over. I wonder if you all
woild join him.

MR. TROSTEN: Thank you.

MR. FORD: Can you see it?

MR. MOQORE: Yes,‘

CHAIRMAN JENSCH: The witness, after all, has to have
an eye on it, too.

MR. FORD: I mean to represent by this diagram, the
core here. By this cur?e.z am trying to indicate what
temperature gradient is across the core. This is the curve I
earlier described to Mr. Moore. He has agreed with ne that
this generally represents the curve. I don't claim that the
peaks here are in the same proximity as the peaks in the
outer regions. But basically the core is hotter here,
cooler here, gets hot again and agaiﬁ cooler on the periphery.
This is the central enrichment zonz and concentric is the
outer enrichment zone.

As the flood level reaches the bottom c¢f the core,
we are describing, in terms of the steam entrained watexr
dropletse flood level is here bu the stzam entrained water
droplets are up here bouncing again in the midplane region.

For the purposes of our simple discussion, is this
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MR. FORD: This phenomenon of steam entréined water

" droplets cooling the midplane, this 1s going to ta?e place fox

some perzod of time, is it not, until the water level rises
such to restore convective heat tramsfer with the subcooled
liquid; ié that cdrfect? |

MR. MOORE: Yes.

MR, FORD# During the period of time chéreiis the
tendgncy, is there not, for these droplets CO~randomiy migrate
into othex channels; is that correct?

MR. MOORE: Yes. |

MB.. FORD: Ié terms of the time it takes n§ if we
are out here, say, oniﬁhe periphery - .

CHATRMAN JENSCH: I am afraid you are goiﬁg'tp héve
to move over to the ot%ei side. The witness, I dor’t think,

will be able to follow you uniil you back off of it.'.lf

‘counsel is having difficulty, join him. I see he has two

other seats there. He doesn't mind joining the Intervenors.

MR. ROISMAN: ig.is we who mind. (Laughteﬁ,)- A

MR. FORD: So is it correct that as the temperature
gradient decreases as you go out on any axis from the,coré,'
that Liedenfrost migration} the tendency that you expect is
that these droplets go in the radial direction®? Is that
correct?

MR. MOORE: Yes. Except there are variations ﬁithin

the assembly itself, also.
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it upward, is it correct that we will be modifying radial flow
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MR. FORD: 1In terms of the total variacion im the
assembly and so forth, it is nevertheless possible for thxs'
migration o take place in these divections? The difference
is not such that the gradiemt is so small between individuai
assemblies that you ﬁever get, you know, enough éiffeﬁeﬁtial
Liedénfrost force to have the migration; is that correct?
MR .MOORE: ihe&e are other forces acting upon the

entrained water, mainly the steam which is carrying this enw - -
MR. FORD: So ‘that when we add the two vectors cf

the Liedenfrost mmgration going sideways, and the steam pushlng

in directions such as thié?

MR, MOORE: But they can bounce back within the

individual assembly because they will hit on the hctter“surfaceAQ

I cannot comment on éhe nét effect in a quantitative sénse as
shown thera.

MR. FORD: Of céursevthey can bounce back inuéhé
same random fashion. |

Isn't the point éf:Liedenfrost migrations that there
18 a natural selection to the cams'g,“gﬂxings' followm, nameiy,,_ even
though some of the ones from the.cool area might, for random
reasons, bounce back into the hoﬁ area, nevertheless, the

over-all effect of justaposing the hot and cold areas is such

that in the main the directidn will be from hot to less hot?
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MR, MOG?E: The point was you can go from a hot to a
less hot back to a hot and don't you agree if I went back to a
hot it would tend to go the other way?.

MR. FORD: That's correct.

MR, MOORE: That situwation also exists in the core.

MR, FORD: Is it therefore possible that in terms

of the dynamics of the situvation that drawing the outer enrich-

the preferential»-that they will bounce back into the hot.
region, that the preferential region for coolant flow will be
the lo% point of the enrichment zone between enrichment circles
in the reactor, such that if we wanted to move to the equilib-
rium picture of all of this the main flows that we would be
seeing would be the preferential flow, would be in between
enrichment zones? .

MR, MOORE: Not due to the iiedenfrost effects. They
just aren’t large effecﬁs, |

MR, FORD: Oh. Now let me talk, if I may, in terms
of dimensionlist Liedenfrost effects and 1e§ me talk, I supposeL
in terms here of a value that Liedenfrost effects may have to
induce this phenomenon. Not postulating significant
Liedenfrost forces is this the flow distribution that you'd
expect, namely if you went in the accident and measuréd the
flow in every bundle, that the measurement would be e#éctly

this temperatuve gradient upside down, that there would be
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the flow would be in the inter enrichment zone areas?

MR, MOORE: Are.you asking me if there is a strong
effect which can cause a flow to go freom the hot regions to
the cool regions, that when I look at the flow from the cool
regions with respect to the hot regions I would expect to have
less flow in the hot regions?

MR, FORD: Yes.

MR. MOORE: OFf course,

MR, FORD: Now the precise question then becnﬁes in
terms of whether ar not this kind of behavior would cause
starvation of coolant here because of preferential flow
between ﬁhe zones, Now the precise question then becomes what
is the magnitude of Liedenfrost forces that would oécur under
the loss of coolant accident conditions.

| MR, MOORE: I didn't recognize that as a question.,

MR, FORD: It is a8 question. What is the magnitude
of Liedenfrost forces that would exist during- a loss of coolant.
accident?

M§° MOORE: Veéy small with-respect io the momentum
effects of the droplet promoting fliow in the upward direction
as the dréplets are accelerated by the steam.

MR,.Fcabz Can you set forth the experimental data
that Westinghouse has evolved pertaining io measurements of

the magnitude of corewide Liedenfrost migration forces?
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MRé MOORE: I refer again té the FLECHT tests where
there were one hundred rods with different powers between rods
s imulating the exact situation we are talking about there,
hot rods and cold rods. And there were no significant effects
cbserved from rod to rod that would be postulated in the
Liedenfrost.

MR, FORD: I Seew'

Nor let me superimpose on this diagrém the test
apparatus., Now as I understand the non-random choice §f
parameters in the PLECHT test, is it corrxect that vou were
trying to choose--that in choosing parvameters you were trying
o represent the central bundle in the core, is that correct?

MR, MOORE: Not essential bun&ie, The hot assembly.

MR, FORD: The hot assembly?

MR, MOORE: That is not the central bundle,

MR, FORD: It’s in reascnable proximity to the centd
is that correct?

MR, MOORE: 1It°s usually in the central region of thg
core, ves, sir,

MR, FORD: So that let's for the sake of locating thi
hot bundle and central region have a black marker.

rivrst of all, is it correct in terms 65 the tempera-
ture gradient.across the mid-plane of the bundle that simply

because of the fact that it’s one among many bundles that to

represent this core as representing within itself a very small]

Lo
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temperature gradient compared to the overall temperature
gradienis_in the core?

Mﬁ. MOORE: No.,

MR@ FORD: No, Can you tell me in terms of the beak
here relative to the trough what is the relatidﬁship between.
the temperature in this region of the core and temperature in
between the enrichment zones? |

MR, MQOREz The maximum %o'average is about 1.3 or
1.4, R

MR. FORD: Yes. HNow in terms of the FLECHT tests as
I understand them, given the mean of one, you were talking
about a difference in power from .95 to 1.05. Is that approxi«’
mately correct?

MR. MOORE: 1.1,
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MR. FORD: To 1.1. So that is somewhat smaller.
It's a 10 per cent gradient versus a 40 per cent gradient, is
that correct?

AMR. MOORE: 1It's a 15 per cent grédient from the'
cold test to the hot test.

MR. FORD: Well, all right. Additionally is it
correct that the radius of this bundle, the maximum radius, is
approximately a six or seven-inch area, is that correct?

'MR. MOORE: Yes. I think that is about the size of
it. '

MR, FORD: Yes. Now, in terms of the random
behavior of the steam entrained water droplets, in terms of
the velocity with which they &ould be ejected from a rod, can
you discuss what the probability is that simply from bouncing |
pack and forth within a six or seven-inch area and the time
that you observed it what the probability is that you would
observe no radial effects simply because of the velocity of
bouncing with the wall there?

MR, MOORE: I don't understand what effect the wall
has with respect to the Liedenfrost.

MR. FORD: Well; now is it -=-

MR, MOORE: You are postulating that Liedenfrost
was an effect which caused droplets to migrate from the hotter
pins to the colder pins. It would appear to me with the

gradients that we had in power in the FLECHT tests where we
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had one side of the bundle was all rods which were at .95 and

rods further into the bundle were 1.1, that yourtpostulaticn
of Liedenfrost effects should also obtain there and cause the
flow all tonigraﬁe toward the .95 side of the bundle.

'MR. FORD: Now is it correct as we discussed the
Liedenfrost forces within this bundle, is it correct thét in
the real reactors some of the steam~entrained water droplets
that bounce off the hot rbd in this bundle end up imn an
adjacent bundle?

MR. MOORE: Would youw repeat that, please;

11 MR. FORD: 1Is it correct that in the random rejection
f2 . of sfeam-entraiued water droplets from the hot surféce of the
‘ ‘ £3 1 cladding, is it correct that in that random ejection iarocess
} 14 some of this, some of the water droplets from here are
FE rejected into adjacent channelsg?
QG _ MR. MOORE: Yes, it's possible.
%7 MR. FORD: Now, is it correct the wall stoﬁs that
58 progress into an adjacent channel? It can't go into énother
18 channel, is that correct?
26 _ MR. MOORE: You are now speaking of the test?
ai MR. FORD: Yes. |
22 MR, MOORE: Yes.
‘ 23 || MR. FORD: So that statistically with this random
24 behavior is it correct to say that the presence of the wall

25 means that there are more water dropleés in the test bundie
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than there would be in the accident situation where they could

randomly migrate to adjacent bundles?
MR. MOORE: WNo. I would, I gquess, argue that if

this Liedenfrost were a significant effect the Liedenfrost

" would tend to direct the droplets toward theaitside of the

bundle, hit the wall and cause a collection of water more in
the vicinity of the ldwer.power rods. This was not observed.

MR. FORD: The bundle walls are heated as well, is
that correct? . .

MR. MOORE: Yés.

MR. FORD: ©Now, is the bundle a significant enough
heat sink to absorb, to cause the condensation éf some of
these bouncing water droplets? \

MR. MOORE: You said the bundle.

MR. FORD: The wall.

MR. MCORE: As I recall tests were run at different
wall temperatures. |

MR, FORD: Yes.

MR. MOORE: So that it would depend on the tempera-
ture of the wall. |

MR. FORD: Yes. MNow, over the range of wall
temperatures tested were the wall temperatures such that they
would provi&e for the condensation of the randomly moving
water droplets?

MR. MOORE: An attempt was made in setting the
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housing temperature to try to simulate the effects of heat
transfer and absorption of adjacent rods. That was the intent
of varying the housing. So it was to represent more like the
adjacent réw of rods.

CHAIRMAN JENSCH: I wonder if the question was
something about condensation. Will there be condensatiqn?

MR. MOORE: As simulated in tests it should have
been equivalent to the expected behavior of the adjacenﬁ row
of rods which dcﬁ't differ dramatically in power to the row
of rods in the hot assembly. Recognizing that in ocur core
geometry there are no such phenomena as water spots or things
like this which could drastically deter flux from assembly to
assembly. |

CHAIRMAN JENSCH: Will there be condensation?

MR. MOORE: No. That's a heat --

Yes, there could be scme condensation, because it
was a heat sink, right.

MR. FORD: Am I correct that in the situations that
it’'s a heat sink it means that the wall of the bundle is much

cooler than the adjacent rods would be in core?
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MR. MOORE: Not much cooler. There were cases
where the housing temperature was as high as 540 degrees, as
shown'in the report.

MR. FORD: My question was, if thers was condensstior
would the temperature of the wall have to be much cooler thén
what the temperature of adjacent rods to the bundle would be?

MR. MOORE: Cooler, yes, .get the heat transfer. .

MR, FORD: It is cooler thaa what the adjaéeng rods
would be? |

MR. MOORE: Yes.

MR. FORD: So that to the extent that there wuas
condensation of these water droplets,_that defines the extent
to which the simulation by means of the cooling temperature
of the wall, simulatimn of the bundles sutside didn’t work?

MR. TROSTEN: IMr. Chairman, wmay I have the reporter
read that question back, plaase? |

CHAIRMAN JERSCH: Reread the question, please.

the last question was read by the reporter.)

MR. FORD: 1Is the question clear?

MR, BRIGGS: The questioh ié not quite élear to me.
Will you please define to.me what you mean by condensation.

MR. FORD: I am referring to Mr. Moore's point that
as the -~

MR. BRIGGS: Just what do you ﬁean by candénsatiaﬁ?v

MR. FORD': That the droplets of water come together
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to form larger.mclecules, and they fall into the pool.

MR,.BRIGGS: Form larger molecules?

MR. FORD: Right. We are talking about small steam
entrained water droplets. The condemsation is increasing the
quality of this fluid, increasing it im the subcool direction.

MR. BRIGGS: You mean condensation of steam omn the
water droplets?

MR. FORD: I am saying that when the steam entrained
water droplets hit the wall, the droplets themselves.will come
together and collect.

MR. BRICGS: You mean conglomerate and make bigger
droplets or make a film on the wall?

MR. FORD: Right, exactly.

MR. BRIGGS: Thank you.

MR. FORD: My question is, to clarify the question

" that was reread, is it correct that the temperature of the

bundie wall is supposed to simulate the temperature of the
adjacent rods if this were an in~pile test?

MR. MOORE: That was the intent.

MR, FORD: Islthe temperature on the adjacent rods,
the rods adjacent to the full power bundle, is thet the
temperature such that you would expect, when these droplets
hit those adjacent bundles, they will form a film and con-
glomerate?

MR. MOORE: WNo. The temperature of the adjacent
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wall was always above the temperature of the water droplets.
So heat was being transferved from the walls to the water drop-
1ets.v _

- MR. FORD: My question was, in the accident situation;
if the water droplets gjected from what we define as a bundie,
and if they hit rods in the adjacent bundle, would there be
condensaiion on the adjacent bundle, the forming of a film or
conglomeration of the particles?

MR, MOORE: No. Thexe is steam flowing by and
entrained water carrying it om up the bundle.

MR. PORD: You did moﬁ‘make a suggestion ecarlier
that there was condensation of ﬁhese droplets as they hit the
wall.

MR, MOORE: Yo, I did not. My point was that the
wall itself, as you recognize, would inpede further migration
of any droplets outside the test assembly. My point was that
the gradient of temperature power in the bumdle, assuming
Liedenfrost effeciks, would tend te migrate the water toward the
wall. It could go no further and would be carried further up
the wall. So 1f I observed a large amount of water in the
outer regions of the bundle, I could attribute this to possible
Liedenfrost. This did not occur.

CHAIRMAN JENSCH: While you are drawing anothexr
chart, where would the condensation occﬁr that you referred to

earlier in your testimony?
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MR, MOORE: I would have no condensationAin either
the reactoxr or the test assembly as long as the temperature of
the metal was higher than the temperature of the water droplets
passing by. |

MR, JENSCH: I understood your statement. i think
previously you sald, yes, there could be condensation. Where
would that be?

MR. MOORE: I misunderstood the question, sir.

MR. JENSCH: Well, proceed. |

MR. FORD: What I wish to represent here is a rod or
a set of rods in the FLECHT test bundle, and the wall of the
bundle. Iﬁ terms of the ejection of the steam entering the
water droplets, im terms of the angles and velocities involved,

if a water droplet were to be ejected from the hot surféce and

hit the wall, is the energy of‘this ejection sufficlent that

1f it is ejected and it hits the wall, will it bounce back in?
MR. JENSCH: I think you better wait until he
finishes reading the book he is using there. When he finishes,
if you will direct his.attention to what you are doing --
MR, FORD: I wasg°t>asking about any book.

CHATRMAY -~ JENSCH: He wants to read it, I guess, anyway.
When he is finished reading, you can go on with your sketching.
Do you have the question in mind?

MR. MbORE: fes, i do.

CHAIRMAN JENSCH: Will you answer it, please.




L Wud

10

Bt

32

13

14

i6

97

18

i}/

20

21

22

23 |

24

28

3080

MR. FORD: 1Is it possible, im terms of the emergies
involved, that when the water droplet by the Liedenfrost
forcas is ejected by this hot surface -- this is the fuel rod.
-~ and it hits the wall, is it possible that this will bounce
back inte the bundle? It depends on what angle. If-it is
ejected to here, do we expect the thimg to be ejected back
into the bundle here? If it is ejected at an amgle like this,
will it come back into the bundle like this? Are fhese
directions of droplet travel due to Liedenfrost migration?’
Are these all possible circumstances?
MR. MOORE: No.
MR. FORD: They are not?
MRO‘MOORE: No.
MR. FORD: Can you indicate which of these circum-
stances is not possible?

MR. MOORE: It was indicated earlier that the

predominant forces are the flow of steam entraining the water.
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MR. FORD: VYes.

MR. MOORE: And this is always in the upward directio

So themw is no tendency for Liedenfrost to cause any droplets:
to go in the downward direction.

MR. FORD: The steam is coming up in this direction,

is that correct?
MR, MOORE: Yes.

MR. FORD: Assuming this direction is the case, is

the migration in the downward direction possible given

sufficient enérgy and angle of the ejection? Obviously it is

not exactly what would take place if this vector of steam flow
Wwere not here. But is it still possible? For example; instead
of having this curve,vto have the droplet come back like this'
because of the upward force of the steam?

MR, MOORE: Tt depends on the steam flow¢ that's
right.

MR. FORD: Pardon me.

MR. MOORE: Yes, it depends on the steam fliow.

MR. FORD: It depends, am I correct, initially, on
the energy involved in this ejection, the energy of the
Liedenfrost force?

MR. MOORE: VYes.

MR. FORD: So that it is possible, just in terms of

the general scenaric of Liedenfrost forces, it is possible~

if you have a wall, to have the bundle reflected off of the
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wall and back into the test bundle?

MR. MOORE: I don't understand the relevance of a
general scenario. I would presume we would be taking ébout th%
issue at hand, which is the FLECHT test and alsc the loss of
coolant situation.

MR. FORD: What I was trying to do was.tovput a
specific quantification of a Liedenfrost force. What I am
saying, simply in terms of what we know about the random
behavior and ejection‘phenomena and such, is it possiblé that
given sufficient energy for the Liedenfrost force, that you
will héve the particles bouncing back off the wall into the
bundle? |

MR. MOORE: i‘guess, yes. It is a function of ail
the forces acting upon the water.

MR. FORD: Let us, fér the moment, postulate that
Liedenfrost forces are significant enough to overcome the
steam flow and to bounce water droplets back into the bundle.
If this were the case, if Liedenfrost forces were that
significant then there would be -~ in the FLECHT test with
these walls, is it correct that there weould be considerable
bouncing back and forth inﬁo the test bundle of the
Liedenfrost droplets?

MR. MOORE: It is my understanding it was not
observed in the test.

MR. FORD: Is it correct that if you looked at this
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phenomena -~

CHAIRMAN JENSCH: Excuse me a minute. I wonder if
you would go back to a gquestion. He said it wasn’t observed
in the FLECHT test. I think the question was, isn't it
Possible for it to occur.

MR. MOORE: Mr. Chairman, I am having difficulty in
following the scenario, as Mr. Ford puts it, and jumping back
from FLECHT test to loss of coolant t0 general aspects., I am
having difficulty foliowing the questions along those lines.

MR. TROSTEN: Mr. Chairman, I suggest that question
be reread. There was an assumption in there which was very
important in the answer.

CHAIRMAN JENSCH: Maybe you can tell us what the
assumption is. He gaid he is having tiouble with the question,
1 am going to have the question restated so the gentlieman
understands it. If you find the assumption, you may tell us,
please.

Will you restate the question. Apparently the
word “scenario" threw him in your question. He used it in
his answer. Let us go back to the guestion.

MR. FORD: In terms of the actual FLECHT test
situation; is it possible that Liedenfrost forces could be
such as to produce the behavior that the ejected droplets
would be deflected from the wall and back into the bundle?

MR. MOORE: Apparently not.
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g : MR. FORD: My cquestion was, is it possible that a

N

certain phenomenon did occur?

MR. MOORE: I said apparently not.

/4]

’ 4 MR. FORD: You mean you didn‘t observe it, and
] : therefore, on the basis of that, you say it is not possible for
8 it to occur?
7 ; MR. MOORE: In the specific test that we were
8 observing.
9 MR. FORD: Do yvou understand the difference between
10 a question which asks you, is such«andwsuch-possibleg_and a
9% question which asks you, was such-and—~such observed?

o B2 MR. TROGSTEN: I object. I move to -- I object to

2 that question being asked of this witness.
14 i CHAIRMAN JENSCH: The objection is overruled.
(1 iR, MOORE: Yes.
56 MR. FORD: In terms of your understanding of the
ﬂ7 difference between those two forms of guestions, I am asking
18 || the question, is it possible for the phenomenon of reflection
18 of the ejected particles back into the bundle to take place
20 during the FLECHT test?
21 . MR, MOORE: At the conditions for'which the FLECHT
22 test was run? I am asking you. At the conditions for

o
i

which the FLECHT test was run?
#4 MR. FORD: At the range of conditions for all of

II 2%, the FLECHT tests, yes, and the parameter of the wall in
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particular,
MR. MOORE: Apparently not for the conditiocns in
which the FLECHT test was run. We axe talking about a
specific test.

MR, BRIGGS: Mr. Ford, I have a problem here. Did

. you say, it is possible that this phencmenon did happen in

the FLECHT test, or is it possible that it might happen in the
tests?

MR, FORD: T am concerned first with whether it could
happen in FLECHT-like tests,

MR, BRIGGE: I understood you to say, is it possible
that it did happen. You say, is it possible that it could
happen in such tests; is that correct?

MR. FORD: With your clarification, le®: me re-ask
the guestion,

Is it possible that with the FLECHT test kind of
setup with a bundle wall surrounding the bundle, is it
possible that you could get, with this general getup,
reflection of ejected particles back into the bundle?

MR. MOORE: Yes.

MR. FORD: If this did happen inside the small
bundles used, if this did happen, when vou actually looked at
thg bundle to see whether or not there was a preponderance of
particles here or a preponderance of particles there,

checking to see whether there was clear migration, is it
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possible that if there were reflection, then the average

equilibrium view you get at looking at the bundles, is such

that the particle distribution is pretty much the same ©VEry

place?

MR. MOORE: No. I would feel that the reflection
phenomena would be limited to the outer region or possibly
just inside the channel from the outer tubes. I would
chafacterize it as a total ~- a large area averaging -- I |

guess I would not expect that.




M1lBtl

dy

50
11
i2
13

i4

18
37
12
19
20

21

23
24

25

3087

MR. FORD: Now ig it possible just in terms of the
‘gecnetry of this small rod, is it possible for rods other t¢han
the rods in the very parameter, is it possibile for them %o get
a.straight'shoﬁ at the wall of an ejected particle?

MR. MOORE: With some difficulty I guess, yes,

MR, FORb; Is it possible fér a particle at the center
through recoil reflection off of another tube in the FLECHT
test assembly. is it possible through that intermediate re-
flection that they get a shot a2t the wall?

MR, MOCRE: I'm afraid 1 &on“ﬁ understand that, Could
you draw the geometry for me?

MR, FORD: Sure,

Is it peossible, for example, that we shoot from here
and we hit here and then we hit the wall over here? This
li representing a corner of the assemdly.

MR. MOCRE: Gecmetrically and to scale that looks
very difficult to do.

MR, FORD: 7T see, Now simply let me make it easier,
Is it possible to hit a rod at a 45~degree angle and go out and
then hit the wall out here? |

MR, MOORE: That's a fimction of the spacing,. You'gd
have to do it in aceometrical way.

MR, FORD: Yes. I am looking at the diagrams‘on Page
2-8 and 2~9 of WCAP 7665,

MR. MOORE: Right,

S - - o D
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MR, FORD: Now doesn‘t the entire spacing~~it simply
scales down. Instead of having this giant region here we are
just dealing with the smaller one. But in terms of the angles
and the relationships of the rods isn't it stillithe same?

MR, MOORE: I could pack these at ﬁarious channel
spacings,

MR, FORD: ¢h, ves,

MR. MOORE: And make it more or less probable that
a droplet could be ejected out.to the wallq

| MR. FORD: Oh, yes. Now my question is in terms of
the channel spacing that‘’s used in the FLECHT tests it's the
same spacing between all of the rods, as T understand it.

MR, MOORE: Could you draw me the exact channel
spacing which you are postulating for possible direction of
t he droplet?

MR, FORD: Sure, |

I don‘t want to do it with a black pen but I1°d be
happy to do it with a pencil.

MR. MOORE: All right., Y will grant you that's a
possible situation.

CHA IRMAN JENSCH: Ybu have wmade a mark on WCAP~-

MR, MOORE: 7665, Page 2-9,

cmmmm JENSCH: Thank you.

MR, FORD: I demonstrated by the mark how a particle

ejected by =a vod internal to the bundle could, through recoil,
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£ind its way outside of the bundle and hit the wall,
MR, TROSTEW: Is that a correct statement, Mr. Moore,
the statement that Mr. Ford just made?

MR, MOORE: Yes, I believe so. Lookingat his
geometries¢ Of course, I haven't considered all the vector
forces and the action of the rod itself, but I would grant the
postulation. |

MR, FORD: So that it is vpossible to have, in terms
of the distribution of water droplets across the bundle, it's
possible.for central rods to be ejected in the same way, in
the same way rods in the side are ejected, is that correct?

MR, MOORE: Yes,

MR, FORD: Now if this happened during a test with
FELCHT-like apparatus, is it possible that this could reach
an equiiibrium such that the distribution of particles across
the radius of the bundle was fairly constant, as I draw here?

MR, TROSTEN: Mr, Chairman, I object to that gues-
tion because I do not see the direction in which Mr, Ford is
going now, We have been talking about FLECHT tests.

I ‘ask” ﬁor'hiﬁ to demonstrate the relevance of this
guastion.

CHA IRMAW JENSCH: That's an interesting inguiry vou
have, Sometimes the cross-examiners don’t pattern their
projection and each guestion is taken directly., I take it

that this guestion is related to the preceding one as to the




MiBL4 ! angular recoil operation.
. 2 |l Objection overruled.
3 What 1is the answer? / |
‘ 4 MR. MOORE: Could I have the guestion repeated then?
5 CHATRMAN JENSCH: Read the guestion. .
8 {The previous guesticn is zead by the reporter.)
7 MR, MOORE: No.u
8
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MR. FORD: Is it the case that the presence of the
wall would make the density oﬁ.the droplets more uniform across
the radius than if the walls were not there, and some of these
particles would move on to other bundles?

MR, MOCRE: Well, we are in an area of conjecture
here, but not conjecture with respect to that 1s that 1f we
are postulating Liedenfrost effects with large forces due to
heated surfaces, the effegt of the Liedenfrost, the large
effect would tend to, as you are suggesting here, cause the
droplets to impact the channel, the wall. I would expect an
aglomeration of dropletcs being carried up along the channel
if in fact Liedenfrost forces were large, as you have
postulated.

MR. FORD: Do you expect condensation now?

MR. MOORE: Not coaéensation.

MR. FORD: Aglomeration?

MR, MOORE: Aglomeration. They are hitting, recall-
ing back, st{il im the channel, being carried upward by the
steam,

MR, FORD: Are you saying that the enexrgy with which
they hit the wall is not sufficient to bring them back into the
bundle?

MR. MOORE: The postulation was that the Liedenfrost
effects were strong and were ejecting or expelling the droplets

toward the wall, and I would expect the change in momentum
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i associated with turning the droplets to be a smaller force,
2 || since the wall is not as hot a surface as you indicated as the
3 rod itself. We are looking at the relevant forces.
4 MR. FORD: Yes. Now, my question is I'd like to
5 stop down from the posﬁulation of Liedenfrost forces im which
6 we ‘don’t talk about their magnitude. The specific discussion |
7 of the magnitude of these.forces, the question is, 18 the |
8 magnitude of the force such that it would provide enough force,'
9 given even the loss of momeptum when it hits the wall, would
10 give enough force to the particle to be recoiled back_imto
91 the bundle?
2 I MR. MOORE: I don't know.
138 MR, FORD: Can you explain to me - I don’t want .
ﬁg to have you go over ground that we began oa last Tuésday and
15 repest it all, but can you exzplain to me basically how you
16 ‘'used pressure measurements from the two pressure tabs to
17 determine that there is no radial flow?
18 MR. MOORE: We measured the pressure inside the
99 bundle snd outside the bundle and found a very small or
20 negligible pressure gradient across the bundle.
21 MR. FORD: Does that measurement of radial flow, is
22 that measurement gefmaﬂe to this specific mechanism of radial
23 4 flow, namely, Liedenfrost migration?
24 . MR, MOORE: I believe so.
25 MR, FORD: Now, to get abead of ourselves slightly,
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one qf the other mechanisms of Liedenfrost migracion is the
pressure differences from differential steam expansion within
the bundle. Now, 1f that were the mechanism, your measurement
of pressure differences would have some clear applicability,
is that cerrect?

MR. MOORE: You characterized that as a Liedenfrost
effact;

MR. FORD: No, no. I am saying that is a different
mechanism for radial flow than Liedenfrost migration. That's
a mechanism because of pressure differences. This is not a
mechanism because of pressure differences.

MR. MOORE: Quite the contrary., you are expelling
the droplets through the transfer and you are creating higher
pressure regions which cause a force on a liquid and postu-
lating that it then goes from one part of the bundle to
another part of the bundle. The flow has to occur as a result
of a force impesed and you can measure this force imposed and
you can measure this force imposed by measuring the resultant
pressure drop.

MR, “0%3: I see. Now, in your analysis of pressure
here are you assuming that the coolant here is in a thermo-
dynamic equilibrium such that you would talk about ome pressure
for the coolant within a well-defined bound?

MR. MOORE: Spezking of the pressure at a specific

pressure transducer.
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CHAIRMAN JENSCH: What is the answer, ves or no?

Are you assuming coolant is an equilibzium?

MR, MOORE: That's not & question that can be
answered yes oOr no.

CHAIRMAN JENSCH: Oh.

MR, MOORE: I answered that the pressure is
pressured at a specific point. |

CHAIRMAN JENSCH: Very well. Proceed.

MR, FORD: Well, I am not too happy with the preced-
ing.

Do you assume, when you measure pressure, that the
measured pressurc represents the average pressure over a
volume of the bundle?

MR. MOORE: No. I assume -~ I measure the pressure
at a pdot in the bundie.

MR. FORD: 5o that you measured it at two specific
points in the bundle, is that corveck?

MR, MOORE: That's corwect.

MR. FORD: So is it possible that ir other points of
the bundle there s different pressures but which you are not
neasuring on those two points?

MR. MOORE: Yes.

MR, FORD: So that for example the specific pressures
associated, you know, with the forces of ejection, the pressurs

exerted by the hot surface on the droplet, that is not a
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pressure that you are measuring, is that correcg?

MR; MOORE: It's correct.

MR; FORD: So that #t's peseible for there to be
pressure differences within the core intrinsically associated
with Liedenfrost migration that are not recorded by your &wo
pressure tabs? | |

MR. MOORE: Of an individual droplet?

MR, FORD: Yes.

KR. MOCRE: Of course.

MR. FORD: MNou of the whole, in terms of the location
of the pressure tabs can you im terms of this diagram tell me
1f these are full-length cores, cam you tell me where the
pressure is measured by your two tabs?

MR. MOORE: It will take some time. I°d have to
refer to the report.

CHATRMAN JENSCH: Maybe this would be a convenient
time to take just a few minutes® recess while you are looking
that up. We will recess and reconvene in this rcom at 12:25.

(Brief recess.)
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CHAIRMAN JENSCH: Please came to ozder.

MR, TROSTEN: Mr. Chaivrman, I have been conferring
with the witness during the recess, I understand that Mr,
Moore reguires sowe additicn2l time in order to check some
data in order to respond to this guestion. Is that correct,
Fr . Moore?

MR. MOORE: Yes,

MR, TROSTEN: Under these civcuwmstances, My, Chairvmes

in view of the time--I believe it is approximately 12:30 now

and the witness has been on the stand, with brief recesses, for

three and a half hoursJ T would suggest to the Board that we
consider or have a lunch break at this time,

MR, FORD: Mr. Chaivmen, during the kreak I took the
épportunity €0 see if I could clarify the matters that are
presently in ocur minds with some improved diagrams. I°d be
happy to take the break simply after we go through thesé
diagrams while the whole thing is very fresh in our minds.

MR, TROSTEN: I reiterate my suggestion, Mr. Chairman

CHAIRMAN JENSCH: <Can you hang omn, Mr., Moore?

MR. MOORE: I°1l hang on, sir.

CHATRMAN JENSCH: Good of vou, Thank you very much.

Will you proceed.

MR, FORD: T have tried to draw two cross sectional
diagrams here at the mid-point, let‘s suppose, of the core,

S,

I'm ¢going to ©alk about the ejections of thres droplets,
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in the diagram representing the presence of a wall
around it, I roughly trace what the possible path would be
for the particles., Of course, in the actual situation when

there ic no wall such as this, deflecting particles back into

- the core--I have tried to show that as well,

I take one particlie here that travels a smali éis«
tance and it ends up, in ny dﬁawing, between the rods and the
wail, If the same phenomenon occurred when there was no Qall,
of course, the particle would be ejected outside of the wall
and it could have a different kind of gecmetry than}; wall at
some point here, ané iﬁ may have some further direction into
the bundle, it is mére than likely that it will cqntinue oul-
side of the bundleo

Thg probability here is that there is some guestion

which way it will go, in or out. Here there is no question

‘which way it will go. It is going to stay i the bundle.

I have done this for a second particle showing a
possibly more extensive zigzagging, and for a thixd’pézticle,
to show how it might bouhce around the tore.

¥For the corresponding particle, whose ejection
initiated the corresponding rods, how it would go qutside of
the bundle, 2nd its potentizal to get back irto the bundle is
much less with these things coming back into the bundle.

My question is, in terms of these diagrams, if we

had a camera that could get in and take a cross sectional
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picture of the FLECHT bundie and have‘a bundie, or a colleéa
tion of rods in the core without a wall surrounding them,
if we were just taking pictures of these three particles, is
this a fair representati&n of what this special camera would
show?

MR, MCORE: HNot necessarilyv. You must indicate
wﬁaé assumptions you are making. You have drawn the vectors.,
vou have assumed the magnitude e¢f the foreces and ?ou have
assumed how these things are randemized and hounce from rod
to rod.

MR, FORD: I appreciate that.

CHAIRMAN JENSCH: Have you infished?

MR, MOORE: Yes, I have finished.

MR, FORD: Let us assume that I gave yeou that these
were corresponding forces, that they were in correspending
divections from corvesponding rods. The only difference in a
situation, simply the presence'af this wall in the former
case, in the absence of the wall in the outei case, In terms
of whai this picture shows of the relative density of water
droplets in the bundle with the wélle compared to whatAit
shows about the relative dénsity of particles im a situation
without the wall, is that indication of relative density
reasonable?

MR, MCORE: No, not necessarily.

MR, FORD: Can you explain why this - relative density
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is not correct?

MR, MOORE: 7This is looking at a cross section,
right?

MR, FORD: Right.

MR, MOORE: You assumedihe only forece acting on
this droplet is a force to eject it out in this divection.

For some reason it goes all the way out there, although we
recognize there are rods all around.

nepenaing on the force with which the vector edects
this, there i3 a steam velocity going in this direection, which
would cause that droplet to stay in that particulai region
right there. Giving an upward Lift aﬁd not letting the droplet
go all the way out, that is.

MR, FORD: If we adjusted both situations here, and
changing the angle of this vector, we would be changing tﬁe
anéle of this particular force; is that correct?

MR, MOQORE: Yes.

MR, FORD: UWhen you draw the cross section of this,

and reflect it all down on the axial midplane, is it correct tha

thiis would be the reprecentation?
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MR. MOORE: WNo. If the velocity, the relative
forces, are such that this droplet were being impinged and
ejected in this direction, it's very possible tﬁat that
droplet will never reach that particular rod; depending on the
velocities in which --

MR. FORD: Well, now, the rod --

MR. MOORE: In which case the same rod, if a droplet
were doing the same thing here, would alsoc be raised up.

MR. FORD: I see. WNow, the direction of the force
as you indicated before is unidirectional. It's up.

MR. MOORE: That's correct.

MR. FORD: Straight up. So that this rod comes out
straight up and it wouldn't have at this point. The force
would raise the vector as we indicated before. It would just
hit it at a higher point, is that correet?

MR. MOORE: That's possible, yes.

MR. FORD: So that in terms of the cross section
refleating all of this down in the axial midplane, then this
density comparison is correct.

CHAIRMAN JENSCH: YLet him answer that one.

MR.MOOKE: I don't see this as a density comparison.
I see this as a measure of trajectories of varisus rods of
droplets, assuming that there is no component flow in the
axial direction. At an instant in time certainly I have

traced the path of a droplet. It's not the one awxial low,
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right?

MR. MOORE: Yes. Nc. But do you understand what I
am suggesting when I talk about since the additional force is
unidirectional and coming through the‘bundle like this, do you
understand that it's therefore éossible simply to take and
project the vecfors? bo you understand what I mean, to
project the vectors cn a plane?

MR, MOORE: Yes. But you aren't asking me about a
projection of the vectors. You are asking me about a
projection of density of drops at a given plane.

MR, FORD: Yes. Now, what I am talking about, once
we have the projection, the peini: isg that is it clear frbm the
projection that this particle with this force will hit this
rod? That was correct that all the projection doesn’t show
is the axial point at which it hits the rod?

MR, MOORE: It would hit at a différent axial
location.

MR. FORD: But in reference to the paxticlé it still
will be in the sequence indicated here. It still will be
within this bundle and it still will be impingent upon this
rod at some level.

MR, MOORE: At some level,

MR, FORD: Right.
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MR, 11002E: But if T am looking at a cross section
here I have gét droplets here that are coming from other
levels. You haven't indicated those at all.

MR. RoRD: Right. I'm only talking about three
droplets, just so that we can study them separately.

Now, my point is if we step back from the projection
and if we sbecify a specific volume is it correct that the
number pf particles in the volume with this wall or the number
of these three particles that stay within this wall, assuming
that there are only -- let me step back. Let's assumé that
there are only three water droplets in the whole bundle, in
both bundles, all right? We will just discuss there are only
three droplets. Is it clear that in this situation as you go
up as these things avre increasing in axial height here, is it
clear that the density of this bundle with a wall will be
higher than the density of this bundle without a wall simply
because there is no other way, other things for these
particles to do than stay inside this volume, whereas these
things can go outside? .

MR. MOORE: Lest we forget, we may have some coming
this way, right?

MR. FORD: That's correct. Now, in terms of what
we expect, this being the hottest rod and this being cocler,
we expect, do we not, as we agreed earlier, that the

preponderance of migration will be that way rather than this
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MR, MOORE: Not necessarily. I indicated that the
asgembly next to the hot assembly was an assembly very close
in power level and could have rods within that assembly ét

higher power levels than the rods at the edge of this assembly.
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MR. FORD: Yes. But on the average when you talk
about the temperature gradient across the core, if we took a
locus of points within an epsilon of each other in power versu
the next concentric circle within two epsilons of thaﬁ, is it
correct that we would expect the flow to be from the center
to the outexr?

MR. MOORE: That's very difficult to ansver. Thete
are a lot of effects you are ignoring here. It becomes z
very hypothetical question., I think you will admit that I
have droplats which can be ejected toward this assembly
because there are hotter rods next to the cooler rods in other
assemblies. 8o if I take your postulation of these forces
being large I have got intevaction of droplets and it"é just
& very hypothetical situation that we are talking about.

MR. FORD: Now is it correct chat in the situation
‘with the wall, in the bundle; that the only directions
available to the little droplet are within the bundie up until
the point whenm they are falling out the top?

MR. MOORE: Yes. |

MR, FORD: And here are here more than that
direction available? Can they go outside of theix bundie?

MR. M@ORE:. Yes.

MR. FOCRD: Thank you.

CHAIRMAN JENSCH: 1Is this a convenient place to

interrupt your examination?

an

'br
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MR. FORD: There is one fimal question that I would
like to ask on this mechaniém for radial flow. 4

Maioly, do you agres with the Idaho Nuclear analysis
of Liedenfrost migration as presented in TN 1387, page 5, which
I will give you to read, and I will also read out loud the
first part of it which is a definition of Liedenfrost
migration. The second part is their hypothesis as to its
effect.

It says, "Liedenfrost migration.

"During reflooding, steam-entrained droplets greatly
ald rod cooling many feet above the water level im the resctor
core. The Liedenfrost forces exerted in these water droplets
cause the droplets to be forcibly ejected from hot surfaces
by a built-up of steam pressure between the surface and the
droplet. As these droplets bounce back and forth in random
fashion within a flow channel, many find their way into
adjacent flow chamnels. The Liedenfrost forces éﬁerted on
droplets in cool channels are not as great as the force on
droplets in hot channels. The net result is a tendency for
droplets to migrate from the hot central core regions to the

cooler periphery. Thus Liedenfrost migracion results im hot
spot flow starvation."

The question is whether you agree with that state-
ment ? |

CHAIRMAN JENSCH: . You may sit down, Mr. Moore, if
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you find it more convenient, bearing in wmind that vou have

had a long session this morning. I think Applicants’ counsel

be fatigued. You are standing,

MR, MOORE: 1 will sit.

I would agree with the characterization of the
physical phenomena and I am at the same problem I had with
many such reports and statemenis such as this, that there is
a tendency of droplets to migrate frém the hot central core
regions to the cooler periphexy, ves, and thus Liedenfrost
migration results in hot spot flow staxvation possibly. But
we have the age-old problem which is, does it make any
difference and is it a veal effect? And I can only agree
with the statement with respect to the phenomena represented.

MR, BRIGGS: Mr. Ford, could I ask 2 question.

studied it.

MR, FORD: Yes, sir.

MR. BRIGGS: 1Is there'aﬁy attempt in the document
to quantify tendency in starvation?

MR. FORD: Yes, sir. The document presents a variets
of data on the radial temperature profiie at mid-plame after
a loss of coolént accident, and in terms of that data it
analyzes the magnitude of the flow effects that could occcur.

MR. BRIGGS: The magnitude of the Liedenfrost

4
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effects?
MR. FORD: Yes, sir.
MR. BRIGGS: Thank you,
MR. FORD: The document number is IN-1387, it's

entitled, Technicdl Description Simulated Emergency Flow

Effects Tests Project; this is published in Jure 197G.

MR. BRIGGS: Thank you.

MR. MOORE: Mr’..Fords could you state where the
reference to the Liedenfrost force 187 You mentiom they
calculated the magnitude of the Liedenfrost effects, forces.

MR. FORD: I have to use the document to prepare my--
there are a variety of other mechanisms for radial flow and I

have to use the document during the break, but this evening if
you'd like to study the document I'd be happy ¢o lend it to
you.

CHAIRMAN JENSCH: Or if you can at some time give
him the specific data that he is seeking.

MR. MDORE: In reference to the specific calculation
you mentioned they did of the Liedenfrost forces,

MR, FORD: 1It's mot clear o me as I look at this
document that all of the calculations they were concerned wiﬁh
are presented in a selfecontained form here. So I am mcé sure.
I say, as I indicate, I cam give you the document. It has it
all there, references.

MR. BRIGCS: Does the Staff have a copy of the
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document that I can borrow? That would be fine.
CHAIRVMAN JENSCH: Very ﬁell. At this ¢ime let us
recess to reconvene in this room this afternoon at 2:00
o’'clock.

(Luncheon recess.)




AFTEURNOON SESSION

CHAIRMAN JENSCH: Please come tc order.

The witness has resumed the stand. Are you xready
to proceed?

MR. FORD: Mr. Chairman, before we procead, I would

like to return to my answer to Mr. Briggs' question concernin
g9 q g

the Idaho Nuclear report, IN-1387. During the break I have
studied the report carefully with Mr. Briggs'®' question in mind.
I have also talked to the technical contacts at the Idaho
Nuclear Corporation listed on page II of the report, namely,
Mr. R. W. Shumway.

The direct gquestion of Mr. Briggs, as I understand
it, is whether or not these specific forces associated with
Liedenfrost migration had been quantified in this report.

The answer to that guestion is no.

I can explain, ifyou were interested in th this
particular computation was not done.

MR. BRIGGS: WNo, I don’t think so. I think part of
the problem is, ﬁhe raport used the words "tendency" and
"starvation," and these really aren’t very quantitative.
Starvation implies tome that all the flow is gone, everything
bad happens, and sometimes people use it that way and
sometimes people don‘t. But part of the question really was,

is there any indication of the importance of the Liedenfrost
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effect to the radial flow.

MR, FORD: I think the analysis in the document

establishes a hierarchy of forces determining radial flow.

Table 1 of the document, page 15, a table of reactive pressure |

drops acress the core under normal situations and under loss

of coolant accident situations, I think. Then the argumant in!

the report is to the effect that the pressure drops here are
clearly being main driving force behind the radial flow, and

the Liedenfrost migration is scmething that ig argued on the

basis of presumptive evidence, and is mo indication that while |

they believe it will get you a few bundles away from the
given bundle, they are subsuming this effect in an over-all
effect of pressure drops that get you completely across the
core.

I think in their analysis they set up this hierarchy
here between factors influencing radial flow, and pressure
gradients ayxe much more influential determinant or force than

the Liedenfrost migration is.
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THE CHAIRMAN: Very well, Thank you; 'Will you
proceed,

MR, FORD: For the purpose of comparing the cross-
examination of Mr. Moore om matters and diagrams contained in
the document IN-1387, I am wondering if we could ask the
staff if they could loan their copy to Mr. Moore to save
shuffling about.

MR, MOORE: Excuse me a minute, i have a copy.

MR, PORD: Oh, you have a copy. Fine,

T might make one final prefatory note, that thé
guestion of steam expansion is a mechanism for radial flow,
that there was some inteyrogation of Mru.Moore on this QueSH
tion beginning on the transcript Page 2342, and there will be
a slight repetition of some of the questions there, as T have

tried to ask them specifically in the context of the data

presented by Idaho Nuclear, But it is not caveless repetition.

It's with due censideration of what is in the transcript.

MR, TROSTEN: Is that of the old or the new transcrip
please?

MR, FCRD: That's in the old pagination.

MR, TROSTEN: Thark vou.

MR, TORD: WMr. Maore; is the following comparison
of the steam expansion as 3 mechanism of radio flow with
Liedenfrost migration accurate, and I am reading from fage 5

of the Idaho Muclear document 1387. It says:
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*Radial flow due to steam expansion is not a random
process, as is the Liedenfrost migration. Radial pressure
differences caused by radial steam expansion are continuously

communicated over wide distances, whereas the process of

Liedenfrost migration is a random, chaanel~to-chonnel process.®

EvTRa. MOCRE: Yes.

MR, FORD: Is it corrvect as it is further siated
that “During the radial steam expansion process steam fiows
continucusly tcocward lower pressure regions,®

MR, MCOORE: ﬁes, Steam always flows toward lower
pressure regions,

MR. FORD: Is the conclusion that's drawn here
correct that "Radial pressure gradients caused by the dif-
ferences in radial steam generation iz thought to be & wmore
important factor in vadial flow than Liedenfrost wmigration®?

MR, MCOORE: Ves,

MR, FORD: Referring to Teble 1 on Page 15 of
iN~1387, it presents the results of Idaho Nuclear calculations
on reactor pressure drop across the core, including nozzles,
aéross the hot leg, across the steam generator, across the
pump sumption leg, across the pump discharge leg, does the
Applicant contend or would the Apﬁlicamt deny, rather, that
assuming for the mement that the calculations are accurate,
does the applicant deny that the calculations in Table 1

demonstrate that a high probability of emergency core coolant
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system bypass exists with the pressure drop situations reported)

there?

MR. MOORE: Ves, I deny that.

MR, FORD: Dovyou deny that the data in the table is
an accurate representation of pressure drops across the core?

MR, MOORE: Excuse me, An accurate representation?

MR, FPORD: Ves., Do you deny that it°s an accurate
represeniation?

MR. TROSTEN: Mr. Chairman, 1°d like to have the
guestion clarified. Across which core?

MR, PORD: Across the core of a large, pressurized
water reactor in a loss of coolant accident situation.

MR, TROSTEN: Well then I object to that guesticn,
Mr., Cheirman., I don’t see a showing of relevance there.

MR, FORD: fThe studvy is concerned, as it indicates,

with large pressurized water reactors. It’s not concerned in

-

specific-~it does nqt mention xndian,Pcint 2, I am trying to
find out whethezr, first of all, as the informatiom relating to
this generic class of systems, whether it's correct,

MR. TROSTEN: T don‘'t think that's an adequate
showing of relevance, dMr. Chairman,

MR, FORD: I would suggest that it's standard pro-
cedure here to be relying on data that isn’t specifically
designed to represent the Indian Point 2 core. For example,

the data that the Applicant has submitted pertaining <o
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single rod and multi rod tests, this is not data designed on

cores specifically Indian Point 2.
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CHAIRMAN JENSCH: Do I understand there are two
tables con this page, or two columns, one of which is réferring
to a specific reactor, and another is referring to PWRs in
genaral; is that correct?

MR. FORD: Yes. The table concerns pressure drop
data from normal opération that was taken from the Sequéia’
Preliminary Safety Analysis Repoxrt. There is a reference for
that here.

CHAIRMAN JENSCH: And the other column?

MR. FORD: I believe the other column alsoc relates
to Sequoia.

CHAIRMAN JENSCH: What is your objection?!-

MR. TROSTEN: My objection, Mr. Chairman, is that the
question appears to me to be addressed to the general subject
of PWR technology and not suificiently related %o this
particular proceeding and the inquiry addressed to this
particular witness to be a proper question. That is my
objection.

CHATRMAN JENSCH: I think ultimately these things
must be related in some wav to Indian Point 2. As T under-
stand the FSAR, they have relied upon PWR experiences and
operations and designs and developments and tests and'
experiments in general. Whether or not Indian Point 2 - as I
understand the data, thay are used to indicate a degree of

confidence that the Indian Point Station is raasonable and
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proper. I think it is very difficult to compartmentalize a
technqlogy on PWRs,

This gentleman on the stand is an expert witness.
e is representing the manufécturer here, and has had a great
deal of experience with many kinds of PWRs. I'm sure he wbn't
be confused if it is wholly unrelated to Indian Point 2. I
think within the concept of having all éWR technology availablg
for.analysis of Indian Point 2, then it becomes relevant.

MR. TROSTEN: May I make a general observation about
what you are saying?

CHAIRMAN JENSCH: Yes.

MR. TROSTEM: I take it you are overruling my
objection.

CHAXRMAN JENSCH: I was getting to that.

MR. TROSTEN: I agres with the general point you are
making, but the objection I am making to this questiom'is
as follows: This is an example of the kind of questidn that
Mr. Ford has propounded on several cccasions. Scmetimes I
have objected to it and sometimes, in an effort to expedite
the proceeding and not hold things up, I have refrained from
objecting, He would ask a question related to the technology
generally, and ifnisn't sufficiently relatea to the Indian
Peint proceeding to really be a proper question.

Another thing Mr. Ford does, what I believe can

confuse a witness who is up there for a long time, is to go
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back and forth from this test to this reactor, to the tech-
nology, and so forth. I think it is difficult for a witness
to always perceive those things. . I object to the question
when Mr. Ford does that.

‘CHAIRMAN JENSCH: You certainly are showing an
objection that we haven't discerhe& in the witness. I think
the witness is showing capability to disguss the PWR tech-
nology in general and in specifics and in theory and in
practice. I think he has indicated that sometimes questions
aren’'t clear to him, which he ghould do. I don’t think, with
an expert witness, we have the concern of confusion that might
otherwise be for a general witness.

Your cobjection is overru;eda

Do you have a guestion in mind or can you restate
the question?

MR. FORD: I willrestate the question, sir.

The question concerns Table 1 of the xreport, IN-1387,
which are reactor pressure drops in normal reactor operation
and in situations as they would exist when the emergency core
coolant system is operated. The data is for a large
pressurized water reactor taken from the Sequoia Preliminary
Safety Analysis Report.

My question is, whether the relationship here
betwaen normal pressure drops and pressure drops in the

emexgency core cooling cperation situation, whether this
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k relationship as shown in Table 1 is an accurate representation
. 2 of the relationship that would be expected in a large
3 pressurized water reactor with emergency core cooliné situation
‘ 4 as compared to normal operations.
& MR. MOORE: WNo, they dﬁn‘t look correct.
& . MR. FOED: Do they look correct, if not for reactoré
7 in general, for the Indian Point 2 reactor?
8 MR. MOORE: No.
& g MR. FORD: Have you performed, for the Indian Point
ie 2 reactor, or taken the equation that has been used and
8t performed the same kind cf calculation?
82 MR. MOORE: Yes.
. 1% | MR. FORD: Have you reporied these to us earliexr?
M | MR, MOORE: T don't recall. I was checking a ~-
1% MR, 'ERQSTBN: What do you mean by reported ';to us,
113 Mr. Ford?
ﬁ MR. FORD: Somewhere on the record in previous
38 testimony in documents supplied to the Board or the parties,
19 has this information been provided? |
- 20 MR. MOORE: ExcuSeé me one minute. I want to check
v one more reference. In the June 1, 1971 report we indicated
2?;“ some pressare drop numbers in the sjrstem for another reactor
. 23 that was not Indian Point 2. The reason for my statement |
24 that I guestion the calculations here is that in the reflood
‘ &8 part of the analysis to which they were referring, the
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pressure drop across the reactor coclant pump is by far the
largest pfessure drop, and that doesn't appear to be the case

for the numbers they have there. That's the main difference.
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. ME. FORD: Can you give me the precise reference in
this 6-k7L confidential document?
| MR, MOORE: Page 39.

MR, FORD: Now, as I study page 539 of the 6-1-71
document and compare it with page 15 of the Idaho Nuclear
report, am I corrveci that you are computing pressure drops
over the different core regions? For example ~~-

©Oh, yves. Are these figures proprietaiy? Do we have
any trouﬁle at the moment? |

MR, MOCORE: 1lo.

MR. FORD: Fine. Then my question was the pressure
drops computed are ccéputed for different vegions of the core,
as I can tell. There is one pressure drop that seems to be
the same, am I correct, that is the pressure drop across the
steam generator.

MR, MOORE: It's about the same, correct.

MR, PORD: It's both calculation for the same
pressure drop and éppycxima&ely the same value, is this
correct, 32.0 psi, fbf the 6-1-71 document? And 32.3 psi for
the Idahe Nuclear calculation.

MR. MOORE: That's correct.

Excuse me. That is not an Idaho Nuclear calculation

MR, FORD: Well, for your other calculation, is that
what you wmean?

MR, MOORE: The 32.3 is not an Idaho Nuclear number.
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MR. FORD: Yes. 32.3, that is yout number in the
Sequoia PSAR.

MR. MOORE: That's correct,

MR, FORD: Axe there other directly comparable
temperature drops? It says here,.for example, "A computef
pressure drop across the core, including nozzlaes."

Now, do you have an across the core inclaéing
nozzles pressure drop that's computed from 52.0 psi?

MR, MOORE: No. My =-

MR. FORD: Yes ox nc, please. |

MR. ﬁQORE: I cannot tell from the numbers.state&
on page 59.

MR. FORD: Yes. Well, that's --

MR. MOORE: I thought I explained the differences inm

the pressure drop during the ECC operstion. That is not con-

"sistent with the analyses that are performed for the Eéflood

calculation.

MR. FORD: Yes. WNow, I want to get straight:there
are two pressure drops here; one for normal aperatien‘and one
if the emergency core cooling system is operating. I want to
get clear first whether for the pressure drops for normal
operations you challenge this part of Table 1.

MR. MOORE: No. I said, do they look reasonable?

MR, FORD: I see. Now, on page 59 of the 6-1-71

xeport on emergency core cooling performence our pressure
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drops during emergency core cooling operation calculated?

ME, MOORE: The key parameter is the pump resistance,
which is iundicated there, which 18 pot a normal operating pump
resistance but for a lecked rotor.

MR. FORD: Yes. My question is in the 6-1-1971
document do you calculéte the pressure drops across the core,
including nozzles, and across the hot leg, across the steam
generator and so forth for the emergency core ceoling system
operating conditions?

ME. MOORE: The conditions -- no. The conditions
under emergency core cooling are not specifically spelled out.

MR, FORD: Since the data for normal operation here
is correct, then do we assume or do you agree that the method
that they use for going from normal pressure drops to pressure
drops unéar'émergeécy éaﬁe ebéling syétem operation are
correct? |

MR, MOQRE: Yes. With the exception of the treatment
of the reactor coolant problem.

MR. FORD: So that to get this clearly on the record,
is it correct that the equasion given on page 13 for the
pressure drop in each section of the loop, that equasion is
the correct way of calculatiég pressure drop?

ﬁR; MOORE: Ves.

MR, FORD: How have the computations of pressure

drops during loss of coolant accident conditions been made,




1%

13
12
13
14
18
16
17
18
19
20
21

22

3123

say for Indiam Polnt 2, the same ones that are made here for

Sequoia?
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MR. MOORE:

MR, FORD:

vou said isthe correct equation to use and have you implemented
the analysis of pressure drops for Indian Point 2 the way in

which it’s implemenced here for Seguoia?

MR, MOORE:

ment of the reactor coolant problem.

MR, FORD:

calculations are reporited, what testimony that has been'pro~
vided by you, what documents vou have submitted to the Board
are these? What part of ﬁhé FSAR, et cetera, contains these

conputations of pressure drop?

MR, MOORE:

indicates that we used the normal pressure drops f£or the
éystem as a basis for the loss coefficients for the piessure
'arop under the loss of toolanta with the added conservative
assumption that we have a locked rotor, which increases the
resistance in the loop to such a degree as to reduce the
flooding rate., And that is described guantitatively in the
6-1-71 report, I believe, just for Turkey Point, a three-loop

plant, but is aiso described gualitatively in the July 13

testimony for Indian

MR, FORD:

formed do not use the equaticn on Page 13, is this correct?

MR, MOORE:

ilave the calculations--

Yes. Have you ta2ken the eguation - which - - .

Yes., With the ewception of the treat-

I see, Now can you tell me where these

Yes. The reference in the 6+1-71 report

POint 2o

So that the calculations which you per-

As I said before, with the exception of
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32Bt2 i the reactor coolant pump we determined 2 new loss coefficient
2 for the reactor coclant pump, which is éifferent than one would
3 cbtain from normal operating conditions. This is an additional
‘ 4 consexrvatism,
5 CHAIRMAN JENSCH: But otherwise you used the same
& equation?
7 MR, MOORE: Ves, that‘s what I said before.
e MR, FORD: Now in your equation do you get smaller
8 rressure drops than the pressure drops eemzﬁuted for Turkey
10 Point? Excuse me. Computed .for Sequoiz.
71 MR, MOORE: 7he pressure Qrop around the éystem
92 varies in time and it's equal to the height of water in the
. 13 dowmcomer during the transient period. This particularx
14 analysis appears te be a parameter analysis with an assumed
18 inlet flow, We don‘t assume an inlet flow. We calculate the
18 fleooding rate Quring transient.
17 MR, FORD: Cne of the parameters of the equation on
8 Page 13, the parameters defined on Page 15, is the mass flow
19 rate. So that are you saying that in addition to a different
20 loss coefficient called R in the eguation that you also use a
21 differeant fiuid mess flow rate?
22 MR, MOORE: I haven't caleculated the fluid mass
‘ 23 flow rate.
24 MR, FORD: But once you have performed thaz calcula-
. 25 tion, when you have put that variable into the eguation on
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Page 13 you are using & different fluid mass flow rate than
was used here, is that what your point is?

MR, MOORE: It's like calculating & different fiuid
mass f£low than this arkbitrarily assumed particular caloulation
that's referred to in this report.

CHAIRMAN JENSCH: Is this a change in the equation?

MR, MOORE: There certainly has been genevated a iot
of confusion here.

The Idaho report is depicting a calculation of the
pressure drop that would exist in thé system at a2 given
assumed flow rate., That's what they are doing. Now in the loss
of coolant analysis we calculate the flow rate,knowing the
driving head and downccmer and this resistance in the system.
The approach is the same. I am pointing out that there are

twe things different between the Idaho calculation and the

yeactor calculation., The Idsho calculation is an assumed mass

£low in just caleulates the pressure drop and it also does not
agsume apparently from the pressure drops indicated a locked
rotary resistance for the reactor coclant pumps.

COATRMAN JENSCH: Are there any other changes in
the equation that vou calculated or multiplied?

MR, MOCRE: Basically no, no.
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MR. FORD: The Idaho rxeport indicates that in com-
puting the radial pressure differences, they use the PWI FLECHT!
test data. I'd like to refer to page 7 of the Idaho report.
They state, and I quote:

"Radial pressure differences will be established by
axial and radial flow resistances, radial differences and
steam generation and superheating, and the relative.volumes
of hot and cool assemblies."™

In the code whiéh you used --

MR. MOORE: FExcuse me. That was on page 72

MR, FORD: That's right.

MR. MOORE: Whereaboﬁts?

¥R. FORD: It is the very first line, first sentence
vn page 7, of Idaho Nuclear.

MR. MOORE: Thank you.

MR, FOED: Am I correct recalling on previocus
discussions of core pressure, that the Westinghouse computer
codes assume that the preséure in the channel is the same over
the entire length of the channel?

MR, MQ@RE: Which codes are you referrving to now?

MR, FORD:.: Thé codes that you used to compute core
heat-up. Is this LOCTA now?

MR, TROSTEN: I want to ask 2 question in order to
determine whether or not I should object to what ME. Ford.has

ashked,
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Are you asking the witness a question as to what the
Westinghouce computer codes do? Is that the thrust of your
gquestion? It appeavs that way to me, but I am not sure.

MR. FORD: I would like to compare what the Westing-
house codes do inm terms of computing pressure with the
discussion of radial pressure differences and their signifi-
cance In the Idaho Wuclear documentary?

MR. TROSTEN: My point is, zAdongt think-a comparison
for the sake of comparison is relevant. It appears to me,
from what I now understand to be the question, that he seewms
to be asking the witness a question as to what the Westinghouse
computer codes do, and I accordlingly record my objention.

| CHAIRMAN JENSCH: Proceed.

M, FORD: The Westinghouse code, the codes that

compute the pressure in channels, am I coxrect that the
computer pressure whigh iz assumed to exist in the entire
axial lemgth of the chanpel?

MR. MOORE: Thatis eorrect, for the heat transfer
analysis.

MR, FORD: 1Is it coxrect that steam gemerationlratios
depend on the temperature of the cladding that is in contact
with the water, or the entrained water?

MR. MOORE: Yes.

MR. FORD: So that 1s it correct that given the

axial differences in tempersture, there would be differences




T Wu3

10

91

12

13

14

15

16

17

18

19

20

Z1

22

23

24

3129

in axial steam generation rates?

MR, MOORE: I think the reference that you read'--
let me explain.

MR. FORD: Could I have that question answered first?
I will refer to the references at a later point.

MR. MOORE: I cannot answer the questiom with a
simple yes or mo.

CHAIRMAN JENSCH: Let me see if I understand the
question correctly. If there are differences, actual
differences in temperature, will there be differencés in
actual steam generatiom rate? You don't know if you can
answer that question yes or no; is that correct?

MR. MOORE: If there are differences im axial temper-
atures, there are differences in steanm generatiod rates?

CHAIRMAN JENSCH: Yes.

MR. MOORE: Yes.

CHAIRMAN JENSCH: Thank you. Proceed.

MR. FORD: The differeace in steam generatlon rates,
will this account for_SOme.differenées, axial differences in
pressure?

MR. MOORE: Very slightly.

MR, FORD: Are these axial differences im pressure
related to the flow of steam from the bottom of the cbre.to
the top?

MR. MOORE: It depénds on where you are in the core.
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MR. FORD: In your analysis of the transfer.
mechanisms, you assume that as the velocity of the steam im-
creages, the amount of entrained water going up through the
channel increases o that the velocity of thé steam is an
important factor, is this not correct, in heaé transfer during
the accident?

MR, MOORE: Yes, in the effect that it ent#ains
water. The effect of heat transfer is mainly through the water)

MR, FORD: Inasmuch as the different steam generation
rates between the lower axial level and the higher azial level,
and the subsequent differential pressures in the lower axial
levels and the higher axial levels are responsible for this
important phenomenon, éeaning the velocity of the int@rnai
coocling, am I therefore correct in assuming that théré is a

nontrivial -~ in terms of the total anmalysis. -- a nontrivial

‘pressure gradient between the lower axial levels and the higher

axial levels?

MR,4MDORE: In the axiél direction?

MR, FORD: Yes. |

MR. MOORE: It depends on what you consider non-
trivial. It is about a one p.s.i. difference in pressure.

MR. FORD: In the FLECHT test data, did you evolve
axial pressure drop estimate?

MR. MOORE: I believe there were measurements taken

in the axial direction, yes.
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MR. FORD: Can you tell me whether there is
sufficient data, whether this was taken with sufficient regu-
larity and sufficiently precise techniques to provide data
that will simply seétle the question of this pressure drop, or |
are there just a few measurements? | |

MR. MOORE: What is the question with zespect to
pressure drop? |

MR. FORD: Whether or not there is a significant,
in sdme sense, axlal pressure drop.

MR, MOORE: I don't understand. I said the pressure
drop was about 1 psi. Is that to be conmsidered significant or
not?

MR. FORD: That was,'as Y understand it -- that
figure was supposed to have some relationship to FLECHT data.
What I am really trying to find out is whether it is in fact
1 psi, whether -- I don’'t want to'say anything prejudicial.

Is that just a guess that you haven't had aﬁ 6pportunity to
substantiate yet? o
MR, MOORE: It is cértéinly not a guess. It is a

calculated pressure drop given the mass flow through the core.
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MR. FORD: I am talking in terms of your memory,

if you remember the right number.

MR. TROSTEN: Mr. Ford, are you suggesting that the
witness has not remembesred the right number, and if S0, is
there another number that he should remember?

MR. FORD: I am suggesting that the witness estimate
@ one per cent in a sort of offhand way. I'd like to get it
straight, whether it is one per cent or not.

CHAIRMAN JENSCH: I think it would be helpful if
you do not have an objectior and to rely upon the witness
handling the situation. If you have anyiother suggestions,
we can take it up on your redirect.

R MOORE: T did not say one per cent. I‘said
one pP.S.i.

MR. FORD: That's right.

MR. MOORE: There are axiai pressure drop measure-
ments shown in the FLECHT report on 3-112, which indicated a
range of one to two paé.i.

MR, FORD: There were two figures on page 3-112.

The lower figure.shéws axial pressure that drops at one to two
pP.s.i. The upper figure, as I look, it goes from two to
between three and four p.s.i.; is that correct?

MR. MOORE: Yes.

MR. FORD: Right.

MR. MOORE: Yes.

e
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MR. FORD: These are only two indications.. I am
wondering whether this trend is continued in further charts
to get us to five or six p.s.i. My point was in asking whethen
or not one p.s.i. was an offhand number or whether'it was
actually founded. It was simply whether the ehtire quéséion

had been, you know, studied well enough so that we couid,

- instead of going now from one to two p.s.i., and now to

three or four, whether we can find out where it all ends.

My question ié, is there a final word on the subject
of axial pressuie drops, or do we just have three.noﬁf
terribly comsistent estimates,

MR, MOORE: Mr. Ford, I don't think you understand
at all the reflooding transient. The axial pressure.dzopf
as I indicated earlier in the testimony, is primarily one of
elevation. The heicht of water in the core, the pressure
drop due to friction, is very small. The reason the pressure
drop as shown in the curves is high fox the 5.9 inches per
sécond flooding rate is thaf.we aée filling up the core. As
we fill up the éoxe, the pressure drop along the core
increases because we got more water there.

MR, FORD: I understand ﬁhe data that you indicate
that is gi&en on the chart. My question is whether in a
way —-- whether the data on axial pressure drops is put
together someplace so that we can settle the gquestion rathei

than having to rely on these various not very well consistent
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estimates. Is this all the data that exists on axial
pressure drops? /

MR. MOORE: What do you mean by data?

MR. FORD: The data applied to the heatér rebresents
a few FLECHT runs, six to belexact. 'Whereaé, as I understand
the 73 FLECHT'fun; were had. I am asking whether or not, are
these the only FLECHTVruns to which axial pressure drop was
measured?

MR. MOORE: No. I believe tﬁey wexe measuied for
more runs than that.

MR. FORD: Is this data available any place?

MR. MOORE: Yes.,

MR, FORD: Do you kncw where?

MR. MOORE: Back in Pittsburgh, Pennsylvania.

MR. FORD: Thank you.

CHAIRMAN JENSCH: Why was it excluded here? Do you

_know?

MR. MOORE: The point of the report was to indicate
that the axial pressure drép was primarily a functioh‘of the
elevation head and the density of mixture abéve. It was not
a function of friction ahd moﬁentum effects. These were
relatively small. So we applied some of the data to
ascertain whether that in fact was the case. That did.turn
out to be the case, that you could look at the preésure drops

as they were measured and relate them to the elevation head
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and the density of the fluid and the much smaller effect due
to friction and momentum. |

CHAIRMAN JENSCH: And the selection was reﬁresenta—
tive data?

MR. MOORE: Yes, at various flooding rates.

CHAIRMAN JENECH: The other data won't mitigate or
lessen the value of thet éhowing there in any respect?

MR. MOORE: WNot at all.

CHAIRMAN JENSCH: Thank vou. Proceed.

While.there is é pausé; did you run these tests on
the other 67 of youf FLECHT experiments or tests?

MR, MOORE: As the measurements?

CHAIRMAN JENSCH: Yes.

MR. MOORE: Yes, I believe so.

MR. FORD: Mr. Moore, was any regression analysis,
the data reduction technique, was it performed to relate the
variable axial pressure drop to the factors that you think
influence it? |

MR. MOORE: NG.
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MR, FORD: Thank you,

Have you performed any experiments in which you
were studying & full simulation of the reactor core and loops
and in which vou directiy.measured the corewide pressure
gradients?

MR. MOORE: Can I hear the guestion again, please?

¥R, FORD: Would you repeat the question, please,

{(The pending guestion is read by the ﬁeporter@)

MR. MOORE: No. I assumed we meant radial pressure
readings.

MR, FORD: Thét’s correct,

¥Wow is it correct that in the hot central region of
the core the steam generation rate will be many times the steam
generation rate in the cool regions, cooler vegions of the
xeactof core?

MR, MOORE: Under what conditions?

MR, FORD: Under loss of coolant accident conditions,

MR, MOORE: Yes.

MR. FORD: On Page B of the Idaho Nuclear report

they provide a table called Steam Generation Rate Obtained

From PWR FLECHT Data. Ave the steam generation rates that are

presented there, that are presented as a funetion of the
temperature of the core region and of the temperature of the

inlet water an accurate representation of steam generation

rates that would be obtained from PWR PFLECHT data?
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MR, MOORE: I ieally can't say just looking at the
figures, They 4o not look unreasonable if that is the
guestion.

MR, FORD: Yes

Is Idaho Nuclear correct in their assertion on Page
7 that similaxy steam generation rates in hot and ccol regions
of a reactor core would be observed during a loss of coolant
accident similar to the steam generation rates presented in
Figure 3?

MR, MOORE: Where are you reading that reference,
please?

MR, FORD: This is again the first paragraph on Page

7. It says, and I quote, "Similayr temperature--" referring to

Figure 3--"Similar temperature differences and steam generation;

rate differences will ekist in the reactor core."

Or perhaps for everyone'‘s understanding I should read
the previous part which both you and I can see. It says, and
I guote, "Radial pressure differences will be established by
axial and radial flow resistance, radial flow differences and
steam generation and superhéating, and the relative volumes
of hot and cool assemblies. Calculations of steam generation
rates for three PWR FLECHT tests are shown im Figure 3. Hct
assemktlies (1600 degrees Fahrenheit) attain high steam genera-
tion rates earlier than cooler assemblies (800 degrees

Fahrenheit) after tem seconds. Test 2 was generating five
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if the premises that are discussed here and which you agreed
to, what factors im your mind intervene between these premises
and the concluéion thét they have drawn, such that you don'‘t
think that you can draﬁ the same conclusion?

MR, MOORLE: Well, we have to look at the effecis df
what we are talking abbut now are the effects of adjacent
asseMblies where we have a hét assembly and a cooler assembly

adjacent to it. As we flood into the core in the f£looding

-region of the core where we just have water coming up into

the core, the main pressﬁre difference in that region is due
to the height of the water., There is very little frictional
pressure drop at all in that region of the core.,

So we have here a thermal siphon effect where mavbe
a hottexr regiem will generate more steam as indicated in the

test. This steem will vise and entrain water and it will tend

‘to avoid the hotter regions more than the coldex regions,

Wow in this case the fricticnal pressure drops are
very small, relative to tﬁe elevation losses, So what we
have here is a situatien where I have a highei level of cold
water in the adjacent assembly, which then drives - this
denser water into the hoé assenbly and tends to generate more
steam.,

So whenfone is lonking at the effects of the inlet

flow rising in the care wé can get, we can sustain a higher

steam generation rate and flow in the hot assembly, which is
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giving us effective heat transfer., That's one point,

The second peint is the one I made earlier, that the
pressure drop calculation and the system aie calculated on the
basis of the higher steam flow, higher steam generation and
entrainment conditions that obtain for the hot assembly,
assuming these are corewide. This has the effect of a larger
pressure resistance in the loop and redvces the incoming flow
and therefore teads to cause higher tempsratures,

So just from the statements that are wede in the
paragraph on Page 7 one does mat.necessarily conclude that

the temperatuve turnarcund time of the hot region is delayed.
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times more steam per second than Test 5. Similar temperature
differences and steém generation rate differences will exist
in a reactor core." ‘

The question was is the assertion by Idaho Nuclear
that similay steam éeneration rate differences between hot
and cool regions will exist in a reactor core that is similar
to those presented in this Figure 37

MR, MOORE: I would agree, I guess, that similar
steam generation differences would exist, since they ére_
generated by the cold water heating hot regions at the bottom,
yes.

MR, FORD: Now the conclusion of Idaho Nuclear from

this is given in the statement for which you have concurrence

.or disagreement? I am asking,

It states, "Because of differences in the steam
generation rates in the hot and cool regions, steam will rush
into the cool vegions, thereby delaying the temperature turn-
arocund time of the hot region within a reactor core."

Do you concur or disagree¢ with that statement?

MR, MOORE: That's not a clear conclusion to draw,

CHAIRMAN JENSCH: Do you agree with it or disagree
with it?

MR, MOORE: I guess I disagree. TIt’s not a clear
conclusion.

MR, FORD: Can you tell me what factors would exist

3,




2Bl

98
11
52
13

14

24

25

3141

MR. FORD: Now, the analysis that you are giving
me, water level in the hot bundies wersus water level in the
cclder adjacent buadles, can you tell me is this analysis
based on expefimenﬁs that Westinghouse has done with large
numbers of bundles with different power levels and so forth,
so that the difference in water levels you are talking about
is something that you have actually measured?

MR. MOORE: Wo, that's an argument cn.the basis that
cold water, denser watar, tehds to flow toward a region of
less dense conditions.

MR, FORD: So that in terms of &irect response to
the question there is no experimental mock-ap of the flow
distribution conﬂitions and water level differences that you
can cite as support for your position?

MR. MOORE: On the contrary. The discussion here is
with respect to what are the pressure drops that exist in the
bundles and the core, and I indicated earlier that thevméin
pressure drop is an elevation pressure drop, and I showed
you FLECHT data that showed also that for different initial
clad temperatures whére we are getting higher steam rates,
steaming rates as you indicated =zarlier, that the pressure
drop was very similar, this is again for ihe same2 flooding
rate, indicating that it is primarily an elevation effect
and the frictional effects are smgllo |

Given that situation I would hope we could agree
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that when we only have elevation effects that the‘colder
water will tend to fill the channel which has been voided of
water.

MR. FORD: As I undarstana your analysiS‘yoﬁ are
talking about different levels of the flooding water in each
channel, is that correct, in the hot channel versus the one
next to it, is that correct?

MR. MOORE: That's correct.

MR. FORD: Now for the hot channel and the ahahnéls
immediately adjacent to it, in inches what will be Ehe
difference between the water level in the central cha;nel and
the water levels on either side? We are referring to the
hottest bundle in the core;

MR. MOORE: Because of the effect I just described
I expect to éee fractions of an inch difference betweéﬁ a hot
and a cocler assembly.

MR. FORD: Yes. I know between a hot and a cooler
assembly. I mean specifically focusing your attentibn on the
hot assembly and the assembly immediately next to it, what
will be the difference in water level im inches?

MR. MOORE: Fractions of an inch.

MR. FORD: What kind of fractions are you talking
about? A hundredth of an inch, a thousandth of an inch? Half

an inch?

MR. MOORE: Excuse me a momant.
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About two-tenths of an inch,

MR. FORD: Now, what Qere the‘relative powers of the
rods that you assumed in your calculation, relative power
levels?

MR, MOORE: I assumed that the total frictional
pressure drop that existed could be offset by a height of water
this is the total frictional pressure drop associated with the
hottest assembly, that that total frictional pressure drop
could be offset by the difference in heat between the two, and
adjacent assembly. That‘s at upperbound situation.

MR, FORD: Oh. So that the greatest difference that
there could be in water levels is two—ténths of an inch, is
that corxrect? | ,

MR, MOORE: Yes. Again remenbering now asg indiéated
in previous testimony that I am talking ébout the case where
I'm in the earlf stages of ieflooding and I have a pressuxe
drop of about one p.s.i. in the core.

MR, FORD: T see. So that‘the greatest difference
under those functions which you want to make is two—tenths.of
an inch.

Now, ir terms of the phenomenon that we are dis-
cussing, referring to this chart which indicates the
temperature gradient across the core, it's correct that the

absolute middle of the core, it's the radial and axial hot

spot, is that correct?
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MR. MOORE: Uﬁdex which calculation are we talking
about now?

MR. FORD: 1In terms of the radial and axial teMéara—
ture differences in the core during the accident situation,
that the six-foot elevation of the hot bundles i the middle,
that is the core hot spot, the hottest region in the coré for
which you compute 2300 degrees Fahrenheit and so forth.

MR. MOORE: Yes,

- MR, FORD:  Wow, the phenomenon that Idzho Nuclear
is talking about relétes to steam generation within the locus

of this hot spot as a macro object. It's some number of

1}

bundles, you know, and it's in a radius that you measure in
feet. Now they are télking about the steam generation versus
ihe steam generation in the interenrichment zone iﬁ the core.
Is that a correct analysis cf the way in which the Idaho
analysis of steam expansion relates to the whoie core? Is
that situating it properly?

MR, MOORE: I believe so, yes.

MR. FORD: Now, can you tell me is their analysis
correct in the sense that the steam generation rates around
this hot area, using the éLECHT data, will be greater than the
steam generation rates at the same axial levels in the
interzone, interenrichment zone area? Is that correct?

MR. MOORE: Yeg.'

MR, ¥PORD: So that the question now is if a unit of
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steam is formed, let us say, at the four-foot elevaﬁion, or if
a uni? éf two«phase fluid is present there, is it cbrrect that
in terms of the velocity, pushing it up, the axial velocity,
that that fluid -- let me talk about my guantity of fluid
here ~- that that fluid is going through and as it‘s going in
an upward direction immediately above it is an area wﬁére the
steam generation rate may be five or six times, according to
the FLECHT data, what the steam generation is a few feet
away, is that. correct?

MR. MOORE: No., I thirk those numbers are
certainly excesszive.

Mﬁ. FORD: Which numbers, the factor of five oY gix

between steam expansion here and steam expansion there?

MR, MOORE: Yes.,
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MR, FORD: Well, now I am referring here to the
Figure B'Which we previously discussed which is steam genera-
tion raﬁe given as a function of the temperature of the core
region, and it was earlier indicated here that the Idaho state-
ment on page 7 that steam generation was five times more in
the hotter assembly than it was in the cooler assembly, is
that correct?

MR. MOORE: Yes.

MR, FORD: Wow, in terms of the pressures involved
with the greater steam generation and the greater heat in the
hot spot is it clear te you that the bundle of two-phase
coolant has an option, its existential option, between paséiag
through the éfea of higher preésure and higher steam gemeration

or going around its perimeter tc am area of lower pressure and

lower steam generation?

MR, MOORE: <Can I corxrect am assumption you seem £o
itave made here, that the regions you deplcted there have a
difference in steam generation of five to six times?

MR, FORD: Yes. Well, what is the factor?

MR. MOORE: Well, I am pointing out that the cladding

wiich is 800 degrees, is cladding out at the periphery of the

core, not in the region anywhere near the hot spot. |
MR. FORD: WNow, in terms of the pouwer Lactor hére,

the mean power somewhere across here, the mean is a 100 and

you indicated that the peak goes up to a 140, is that correct?

2
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MR. MOORE: That's the peak hot chanmel, not hot
assembly.

MR. FORD: Right. HNow, in terms of the trough here,
what does the 100 go doun to? What is the temperature
gradient in this area?

MR. MOORE: Well ~-

MR, FORD: 1 mean the mean temperature is a iOﬁg
1f temperature for the hot channel is 140 what is temperature
for the cool channel? |

MR, MOORE: The coel chamnel is not where you have
the trough. The coolrchannél is on the edges of the core,

MR, FORD: Now isn’t this in terms of ourioriginal
agreement on this as the temperature gradient across the core?

MR; MOORE: That was not an orxiginmal agreement. I
said that it was typical cr representative that we cdﬁld have
varying distributions.

MR, FORD: I see, Now, can you tell me in more
specific terms what is thé lowest bundle temperature in the
‘iaterenrichment zone region whére I put a trough wﬁere some-

‘thing else is more accurate? What is the lowest temperature

- in the ' interenrichment zone region?

MR, MOORE: I don't have that number right now, I
could get you that number.

MR. FORD: Well, in terms of your understending, it's

less:than the mean, I presume.
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MR. MOORE: Certainly.

MR. FORD: So that let'’s simply call it less than
a hundred.

MR. MOORE: Wy point is it was noﬁ five or six times
less.

MR. FORD: Ok, not the temperature. Ok, I see what
your point is. |

- Now temperature difference between the hot: assewbly

and the cool assembly im the Idaho statement on page 7, that

1600 degree vegion and an 800 degree region, is that correct?
A 1600 to 1800 factor of two?

MR, MOORE: 1 agree with that.

MR. FORD: Thank goodness.

MR. MOQRE: Thank you.

These are all apparenﬁly tests done at a constant

power level as indicated in the curve. The daescription we are

showing now in the core s power level, sot initial temperaturd.

MR, FORD: 1 am referring to Figure 3,

MR. MOORE: So am I.

MR. FORD: WNow let me get clear here. Tﬁé Ydaho
people say that, and we agreed it was the same for the real
core and so forth before, that in this particular region where
there is a difference of & factor of two in temperatu%e, there

1s a difference of a factor of five in steam generation. Now
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is that correct?

MR. MOORE: That's correct for apparently &hé series
of tests they have here, which are a constant power rod, but
they have alldwed it to heat up to diffexent temperatﬁres,
The case you awm talking about is a different situation with a
different power rod at.different temperatures.

MR, FORD: Well, let's just assume for the mém@nt
that simply the difference inr steam generation is propdrtional
to the difference in temperature. Forget chis possibly much
gresatayr steam generatlon.

MR, MOORE: Let’s clarify it some more an& say it's
proporticnal to the difference in pover gemeration.

MR. FORD: O.K. So that given the difference in
power generation, theé clear difference responsibie féx some
clear g;adient here, given that power difference is it clear
that at the periphery of the " intemnrichment zore and its
interface with the periphery of the outer earichment zone
that steam generétion rates at the same axial level will be
substantiaily less than they are im the hot ares, the hottest
area on that azxlal levei?i-

MR, MOORE: Yes. Steam generation rates are less in
the lower power area as compared to the hotter power areas.

MR, FORD: Now given the temperature gradient here
is it also corvect that we are talking about =2 pressure

gradient between the hottest area on am axial plane and the
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area, the intevzone, interfuel enrichment zome area?

MR. MOORE: That'is a function of the resistance
to flow of the steam from one assembly to the next and it's
a function of the total pressure drop in the given assembly.

CHATRMAN JENSCH: Céuld I have that question read
again, please?

(The pending question is read by the reporter.)

CHAIRMAN JENSCH: Thank you. Will you proceed.

MR, FORD: Now, assuming that chere is a pressure
gradient, a radial pressure gradient, under those circum-
stances would this quantity of two-phase fluid that is moving
in the hot channel up to the midpoint, is there the tendency
then, assuming this pressure gradient for this quantity of
fluid, to go out the path of least resistance 23 instcad of

going through the area of greater pressure to go through the

area of lesser pressure?

MR, MOORE: VYes.

MR. FORD: Mr. Chairman, I'd like to put another
diagram, somewhat more intricate than the ones we have had,
and 1 am wondering if this would be a.good time for a break.

CHAIRMAN JENSCH: Very well. At this time let us
recess to reconvene in this rzoom at 3:35.

{(Bxief recess.)
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CHAIRMAN JENSCH: Please come to orxder.

We will note for the vecord that Dr, Geyer had com-
mitted himself and won't be here the balance of the week.

Will you proceed with your interrcgation.

MR, FORD: The document that I'd like to refer you to
o ask a gquestion pursuant to the line of guestioning that we
have been concerned with on flow maldistribution during the
loss of coolant accident is heve. The qguotation which I'd like
to refer to is from the documeni entitled, "Water Cooled
Reactor Safety - An Assessment Prepared for the Committee on
the Reactor Safety Techrology of the Furspean Nuclear Erergy
Agency, " published by the Organization for Ecenomic Cooperation
and Developmeét, OECD, in May 1970,

on Page 38 of the document, which I will shaw the
witness in 2 moment, it says, and I gquote: “Wo experimental
measurewents or flow distribution through a reactor core have
been reported for flooding systems.”

This is, of cowrse, conceraed with the ioss of
coolant accident situation.

My question is, do you agree with this statement
that no experimental measu&ement of flow distribution to a
reactor core have been reported for flooding systems?

MR, MOCRE: Yes, I kncw of no experimental measure-

ments.

MR, FORD: I'd like to discusz another phencmenon
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associated with flow maldistribution. This phenomenon relates
to .not fiow maldistributien within the core, but to flow
waldistribution within the entive system. One problem is,

of course, is that coolant will be maldistributed within the
core.

The second problem is that the coolant will never
reach the core bacause of maldistribution in the system.

I'@ like to ask Mr. Moore whether this Eattef.farm
of flow maldistribution is properly dofined in the following
statement of Idaho Wuclear. I% says, and I guote: “Sﬁeam‘
binding refers to a situation in which steam generated during
a loss of céolant accident may create a pressure build-up in

the reactor vessel outlet or upper plenum in the large PWR of
‘sufficient wmagnitude to preclude or retard the injection of
emergency cooling water into the core region,”

That is a gucatation from the Idaho EUclear.ﬂocument,
IN-1383, entitled, “"Technical Assistance in Reackor Safety
Analysis®,

The question was whether their Jdefinition of steam
binding is one which can form the basis of a discussion.

MR. MOORE: By I see the reference, please?

MR, FORD: Sure,

MR, MOORE: At least you get same exercise this way,

CHATRMAN JENSCH: I know you wouldn't want to say

that you seemed to get more out of him than he does out of vou.
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MR, MOORE: Not at all.

Yes, I agree to the defimnition of a possible steam
binding situation,

MR, FORD: ‘The document fufthex' lists four pqssibi.e
energy sources that could be atitributed to the steam binding
effect, I am wondering if you can review that part of the
document immeéiately fallawing the guctation we -just referved
to, and indicate whether you agree with the analysis of these
four factors as related ¢o steam binding, ozlpntentiai steam
binding,

MR, MOORE: Ves. I have yvead the four factors,
What did you desire?

MR, FORD: Whether you f£ind them to be indeed four
factors that couid potentially contribute to steam binding.

MR, MOORE: VYes. It characterizes potential sources

‘of steam generation.

MR. FORD: Ave there any additional sources of steam
generation that are not characterized there?

MR, MOORE: mvﬁe that I can think of.

MR, FORD: Por the record and for evervone to undeyr-
stand, could you just list the four factors if they are listed
there?

MR, MOORE: Yes., Core decay heating, stored energy
contained in the core, energy comtained in the reactor vessel

and primaxyry system components, which are in contact with

1iguid water, leakage or rupture of steam generator tubes.
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MR. #CRD: I have tried to put a diagram up here
which willhelp ' & discuss the steam binding phenomena. In
terms of the diagram, I'd like now to ingorporate the para-
meters that we find relevant or we can agree that are
relevant. I think the Eirst parameter that we would include
here would be the pressure in containment; is that correct?

MR, 1830077, Yeg.

MR. FORD: The second factor that we wwuld,inclﬁde

here would be mesasures for the pressure in the upper plenum

pressure, in the core itself; is that correst?

MR. MOORB: Ves.

MR. FORD: The further pressure drop that we have
to consider is the function of this downcomer distance; is
that correct?

MR. MOORE: Yes,

MR. FORD: If we discussed the addition ., injection
of emergency core coolants through the accumlatdr, when the
flooding level begins to rise, is it correct that what will
determine the direction of the cooclant into the cooler or
arcund the cooler must bé computed in termsAof the pressures
in the cooler and the upper plenum versus the combination of
pressure in the containment and the downcomer factor heve;
is that correct?

MR, MOORE: Yes.

MR, FORD: Have any experiments been dons which
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simulated a primary loop such as this, injected emergency core
cooclant and evolvéd results or whether the coolant in fact
went into the core or whether the coolant was also projected
from the system through the cold leqg break?

MR. MOORE: Could you help me by defining the
mechanism for the injection? I don't understand.

MR. FORD: The mechanism being thatlthe pressure in
the core is much greater than the pressure in the containment
élus the factor for the height of the downcdm@r,

MR. MOORE: xouse me. Are we in the reflood phase
of the transient ncw, after the complietion of ﬁlowdown?

MR. FORD: VYes,.

MR. MOORE: Before I answer vour guestion directly,
there is really no souree of pressure in thé core because I
have an empty core. In answer o vour questionﬂ I know of no
specific experiments which properly simulated the loop
resistances and the driving force in a reactor configuration.

MR. FORD: The Idahc semi-scale test §45 th#éuqh
851, in that it is corvect that that simulaﬁicn involvad a
whole primary loop; is that corregt?

MR, MOORE: One single loop, ves.

MR, FORD: & singie loop?

MR. MOORE: Yes,

MR, FORD: Let uz assume for the moment that the

pressure drop in the lcop, in the Idaho semi-scale medel, and
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are realistic. Is it correct that during the blowdpwn
injection of the accumilator water, that the apparent
occurrence in the Idaho semi-scale test was of a steam
pressure head inside the core, such that the emergency coolant
bypassed the core entirely and was ejected through the cold
leg break?

MR. MOORE: I don't know that I need to assume any-
thing about pressure drops. The results of the experiment
showed that the water did not go through the core, bypass the
core,

MR, FORD: Is it your understanding of the Idaho semi
scale test results, that the apparent cause of the bypass of
the core was steam slug, steam'pressure inside the simulated
core?

MR. MOORE: There were two effects of which that was
one.

MR. FORD: Can you note the other effect?

MR, MOORE: The fact that the accumulator water was
injected into the bottom of a very small vessel which had very
close proximity to the break, the bhroken pipe. Sco that the
preferential path in the containment was not simulated. So
that there continued to be blowdown through thé entire course
of accumulator injection. With the geometry effects of the

very small plenum and wessel, thexe was a sweeping action to

‘sweep this water out through the break, also.

1
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MR. FORD: Is it correct that in the Idaho semi;
scale test, that in diffevent tests they tried to alter |
geometry to see whaether, for example, if they injected
emergency coclant directly into ﬁhé core rather than into the
anulus between the flow skirt and the vessel wall, whethexr
that geometrical change would make a difference?

MR, MOCRE: That's not quite correct. They never
injected water directly in the cdreo They did look at

different injectithpoints in the outside and through the gkirt

But they were constrained by a very small geometry situation.
So they weren't really effectively‘ahanging the geometry with
the changes they could make.

MR. FORD: Can you tell me, fer a large pressurized
water reactor, have any experiments been done on a large
gcale, not necessarily full scale, but a scale such_that the
purported scale and problems with the Idaho nine-inch core

wouldn’t be operative?

MR. MOORE: WNo, not the vessel effect.
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MR, FORD: So that in terms of the way in which we

- can approach the problem of steam binding, the only approach

that we have available at the moment is an analytical one?
We have to see what our models will tell us.

MR, MOORE: Excuse me. The vessel effect we were
talking about was not a steam binding effect. It was a bypass
effect during the accumulator imjection.

MR. FORD: Yes; that's corvect. 'My question is
whether the bypass,<ei£her due to the situation of blowdown or
due to post-blowdown pressures in the core -~ I am trying to
analyze the two situations together. My question dis in tserms
of our analysis of those two related problems, do we have any
experiments on this matterx with a reasonably scaled primary
loop, or do we have to vely on our analyticél models to teil
us whether bypass or steam binding will recur in an actuwal loss

of coolant accident.
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wBtl 1 MR, MOORE: Well, the effects of bypass due to
‘ 2 gecnetry of the vessel, the assumption is made in 'the analysis
3 in a way that no test information is reguived. That is, we
. 4 || bypass all of the water during blowdown. So I would not |
5 characterize that asAa reguiring a dependency experimentaily
g || or analytically.
7 MR, FORD: Right., I see the conservative assumption
8 you have made with regard to cne of the mechanisms by which
2 the coolant would be ejected, and clearly there is nothing that
10 you can do more conservyative tham assuming that it all goes out;
91 Now what I am concerned with is the possibility of
12 || steam binding subseguent to that point at which vou have made
. 13 the conservative estimate of the loss of portions of the
14 accumulator water,
5 Now for this post-blowdown steam binﬂiﬁg effect de
16 we have any correctly-scaled expeviments with a primary'lodﬁ
17 || that directly and generally answers the gquestion as to whether
18 or not steam binding effect post-blowdown would cause ejéction
19 or retaraation of the coolant, of the emergency coolant?
20 . MR, MOORE: Insofar as the analyses are involved witﬁ
21 || & pressure drop analysis through the system, the resistance
22 chavacteristics of piping, of a steam generator, and a pump,
z8 for example, are known, both under single phase and two-phase

24 || conditions. So these ave realiyawthese have been expPerimentally

B
&5 -

determined by warious experimenters in the general literature
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WBt2 . § on pressure drop. 50 We are applying these generally well-
2 known relationships, together into a combined analytical model.
3 MR, FORD: Right.
‘ 4 MR, MOORE: And continuing, there is no specific
B overall test that I'm aware of that ties all of these together
6 in the geometry of a veactor.
7 MR, FORD: Right. So that simply pug,your answer
8 to my guestion about experimental data is that we don’t have
9 experimental data from a full simulation of the whole
10 phencmenon on a large scale, but what we do is 4o use expexr i~
11 mental data we have on various factors of the phenomena and
12 combine this in an anaiytica}; model and determine fr_om that
. 3 whether steam binding post~blowdown would take place.
14 MR, MOORE: 'zfizatl's correct. |
18 MR, FORD: Now the Battelle TInstitute has analyze&

18 this problem in their model. It°s veported in their document
17 BMI~-1-8~71, by W. A. Carbiner (pheneticé): and R. L. Ritzman

18 (phonetic)) entitled An Evaluation of the Applicabi}.‘ity of

19 Existing Dota £o the An2lytical Description of a Nuclear

20 Reactor Accident and further the Idaho Nuclear Corporation in
21 their document IN-1383, which we referred to earlier, tﬁey

22 have indicated that they are under contract with the Atomic

23 Enexgy Commission making a model with their REIAP 3 code of

24 whether or not steam binding will pose problems in an emergency

25 core cooling situation. In terms of work heing done these are
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the two model-building efforts that T know of, specifically
investigating the question of steam binding.

Can you tell me whether any other analytical work
has been done in this area with which you are familiav?

MR, MOORK: I would refer to our own analyses of
the situation that obtains in & reacior,

MR. FORD: Can you give me a reference to the docu-

ment in which you direct yourself or the section of document,

of course, in which you address vourself specifically to the
phenomenon of steam binding and provide with your model a
direct and 2 general answey to the guestiong?

MR. MOORE: Yes. On Page 13 of the July 13th
testimony we summarizé the key assumptions in the amalysis
of the steam binding or reflood phase of the accident.

HR, FORD: Now in your analysis did you relate your

-msdelubuilding analysis of steam bhinding to a Battelle effort

or to the Idaho Nuclear effort?

MR, MOGRE: Noé directly, to my knowledge.

MR, FORD: Now as veported in TN-1387 the Baitelle
model indicated that in & ldss of coolant accident the'steam
binding effect was present to cause rejection or retardation
of the coolant., Now are you familiay with this Battelle work?

MR. MOORE: Could you indicate the reference in
this report? I have a copy of that 1387.

MR, FORD: Right. The Idaho Wuclear people present
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Battelle’s computations in the form of a2 figure, This is
Figure 11 on Page 17. They plot the different parameters here
and indicate there at this point in the accident forty seconds

after the break that we have we still doa’t have the core re~

flood progressing unhindered., Instead we have, in this predic-if

‘tion, Steam binding that's causing ejection of the emergency

coolant.

Is that a correct reading of Figure 11? 1It's
described on Page 16.

MR, MOORE: Excuse me a minute.

MR, FORD: Surely.
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MR. MOORE: I believe that's a correct description
of what they did.

MR. FORD: So that in terms of the relationship of
your model to their model, 1s it clear to you that there is
a discrepancy or a difference, that they seem to think'Steam
binding is occurring forty seconds after the accident, whereas
I presume that you don'’t zhink séeam binding is occurﬁing
then, 1f ever.

MR, MOORE: Well, I think there is & misnomer.
The analysis they have shown here is unot steam binding in the
sense that you would interpret no £low.

¥R, FORD: What?

MR, MOORE: Wo flow. 1Im other words, there is flow
in their analysis going out through the break. There is flow

through the core. It's been reduced by the steam generation

‘within the core during reflood.

MR, FORD: Yes. Do I éexrectly interpret their
arrows here indicating the direction of a flow as indicating
that there is one whole channel azea in the cooler area that
scems to be filled with water, almost up to the top; and that
the other channels have a little water up to perhaps a foot
in the b@ttom; but their arrow seems to ilndicate the éhannel
that's full is becoming unfull, that the flow is going out of
tht channel?

MR. MOORE: 1 really don’t know what that particular
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representation is. The arrow is in a downward direction.

I don't know where that is described in the veport. The
characteristic of a differential in level between the water
lwel rising in the core and the level on the downcomer is one
to be expected under this condition.

MR. FORD: Could you repeat that, please.

MR, MOORE: Characterization of a small rising level
in the core with a large level in the douncomer is a character-
istic of this stage of the transient.

MR, FORD: Yes.

MR, MOORE: 1In our calculations as well.

MR, FORD: MNow, is it a further charaocteristic of

5
your calculstions that actually some of the emergency coolant
is flowing out the break?

MR, MOORE: No. That gets a8 little movre complicated.
With the assumptions we have used for the interim criteria
in the AEC, we have thrown so much water away te begin with
during the blowdoun phase that we effectively just.abcut £i11
the downcomer and we have no water spilling over in this part
of the transient.

MR. FORD: Yes. 1 realize you treat water as a free
commodity here.

MR. MOORE: Very expeunsive commodity..

MR, FORD: Yes. What I am asking you 18 whether

Battelle's calculation seems to indicate that after the point
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at which you have stopped throwing water ocut of the system
they are stilil pxedicéing that water is being ejected?

MR. TROSTEN: Mr. Chalrman, I object to that question]
because I think we are back aé the point now where Mr. Fovd
and Mr. Moore are discussing and trying to determige what it
is that some report says. The same problem we had yesterday,
sir, and I object to the question.

CHAIRMAN JENSCH: Well, I think it's 2 little
different., They are trying to imterpret something that an
auihor may havg meaﬁt by what he said. But I think as a
statistical apalysis if the witness can apply the same tech-
aigue ahat'he h&s.dane for his oun amalysis to this, fo give
us an interpretation of ancther presentacion, I think'it woukd
be helpful, just as the téchnﬁlogy from one veactor or the
technology from some other operatiom of pressurized water
reactors are informative znd helpful.

Cbjection is overruled.

MR, MOORE: Cam you restate the questica or reread
ie?

| MR, FORD: X caﬁ)restate it easily emnough.

All that I am really trying to ascertain is whether

or not there is a difference of prediciion between your model

and Battelle'’s, and my specific question here is simply whether

whether or not Battelle regards emergency coolant as being
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1 ejected or still being ejected from the primaxy system at a

‘ 2 much later time, when you have stopped, in your model, assuming
3 that you are throuing emergency coolant away.
4 | MR, MOORE: Yes. That's epparently the case. But

5 agair this is done obviously without the intexim criteria,

8 since the report is dated 1970.

7 MR, FORD: Yes. 80 if --

8 MR, MOORE: 1It's a @ifferemt situation.

? MR, FORD: Right. So that if they were doimg their

10 caleulation with the interim criteria they would not'only be
dedkede 11 throwing away forty seconds after the brezk, they would

32 already previously have a record of havimg thrown the accumu-

. 13 lator wateyr, a good fraction of it, away.

14 MR, MOORE: No. I disagree. I think you cannot

18 compare this caleulation performed without throwing eny water

16 away initlally with one where the water is thrown éway

17 initially. We don‘t have any data here to ascertain the

18 effect that would have.
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MR. "70O¥E: I see. Now, do you have any data on
the sensitivity of steam binding t¢ whatever assumption you
made about accumulator water, as the interimvmodal has an
assumption with respect to accumulator water that affects
steam binding, and that is that during the period of time that

accumulator water is being ejected the possible venting pads

- are plugged. I guess I really don't understand any other

significance to youi guestion.

MR. PORD: ©Now, if I made a chart here that on the
X axis has the per cent of the accumulator water that is :
jassumed to be ejected fromvthe system during the blowdown and
.on the other azis I have the probability of steam binding
post blowdown, what I am asking for in terms of asking the
relationship between your assumption ahoﬁt accumalator water
and your assumption about probability of steam binding, I
am asking for a curve here. I mean what is the general
nature of the relationships?

MR. MOORE: I don’t have any s@ecifie relatidnships
derived for that. If I don't have any -- I guess I have got
ona data point. If Y don't have any accumilator water, I
have no steam binding, I have a source of steam. You will
grant ﬁe that.

MR. FORD: Yes,

MR. MOORE: I don't have any specific relationship.

It's steam pressure drop compared to the driving head.
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MR. FORD: I see. Well, the reason I asked the
question was to help us in our -~ help you in the judgment
that you make about the Battelle study.

You indicated that they don't make the interim
driteria’s assumption about accumulator water. Now I am
ésking for this relationship so that knowing the relaticuship
we can then say, "If they did make the interim criteria's
assumption about accumulator water then their prediction of
steam binding and post blowdowrn would be different in this
specific way from what it is,”

MR. MOCRE: I am sarryo I really can't comment on
that because I.have ne knowledge for all the assumptions that
went into the Battelle calculation for steanm binding. That
will be a requirement in order to come te such a conclusion.
I have no knowledge of what assumptions they used for this
particular analysis.

MR, FORD: Right. .Then I appreciate it. What I
am trying to do is ¢o see whether in terms of your own
model, of which you have more knowledge than anyone, of W§at
assumptions went into it. I wanted to ask you in terms of
your own model what sensitivity is there between the
assumption you make about the per cent of accumulator water
loss dvring blowdown and the probability of steam binding
as you would put it with your model? Do you have knowledge

on your own home ground there of this sensitivity?
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! MR. MOORE: Yes. The flooding rate, the one that
' 2 obtains early in thé transient, is a function of the build-up
3 of the level in the downcomer. If T have a lower level in
‘ 4 the downcomer at the end of accumulator injection my floeding
5 rate is lower. That's taken into account in the analysis.
8 MR. FORD: I see. Now, in the analysis do you take
7 account of the various factors +hat could influehce steam
‘ 8 binding? I mean in addition to the pressure in the core do
9 you separately compute the pPressures in different areas of the
10 core? Do you separately compute -~ I mean in the one computa-
19 ;tinn? Do you sort of put together in a simultaneous way alil
32 .the different pressures in the core, different Pressures in
13 the upper plenum and different pressures in the containment
‘ i4 and so forth so that you perform an analysis of the steam
15 || binding phenomenon that's related to a detailed thermedynamic
| 18 analysié of the various nonequilibria in the primary system?
17 2 MR. MOORE: Well, in answer to that very long
18 question, yes, we do account for the effects which can
19 increase or affect the bPressure drop in the system because
20 that, of course, is what determines our ability to flood the
gn‘ core. And as indicated on the previous reference, page 13 of
22 cﬁr July 13th testimony, we indicate some six assumptions
‘ 23 there that are specifically derived in order to obtain
i 24 conservative evaluations of the pressure drops that exist in
é‘ 25 the system.
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MR, FORD: What concerns me is the level of detail

differences within the different parts of theAprimary system.

It was ny understanding that when you computed core
pressure, the output of your codes in that area, simply one
average core pressure; that the localized core pressures that
may be influential here, that you don 't compute this in a once-
through manner. Is my understanding of that correct?

MR. MOORE: Iet me clarify. With respect to the steam
binding, I indicated earlier we assume that the mass flowing
from the exit of the core is equivalent to the mass discharge
ve would get assuming the whole core was made up of hot
assemblies. Wé used the FLECHT data which, for hot assemblies,
gives us a higher entraimment factor and gives us the greatest

wass discharge from the core., So we start with an assunption

rate in the core using FLECHT data to-determine the discharge
mass out of the coxre withoué any detail simulation for‘the
core. We are using the FLECHT data directly. Now thé'anélysis
traces that particular mass around the system and determines
the pressure drop through the system for a given mass flow.

MR. FORD: So thaé your clarification, I take it,>
my understanding, as I expressed it, that you simply compute
one core pressure that is assumed to be the average of the

entire core. You compute one core pressure which you use




X1lwt2

10

13

12

13

14

18

18

17

18

19

20

21

22

23

as an average?

MR. MOCRE: We don't need core pressure, I eampuﬁéd
the discharge mass as a functicn of flooding rate, I don‘t
need pressure per se in the core,

MR, FORD: But fbr the detailed analysis of the
steam binding, you do need-pressure: is that correct?

MR, MOCRE: Yes. I'm sorry. Yes, you do. We have
@ corewise pressure entracing the pressure drop through the
system, that'’s gight¢

MR..EGRDs can you tell me‘whether the pressurized
water reactor has any steam release system such that if you
wanted to mitigate potential steam binding, you could relieve
the pmessure‘in the upper plenum?

MR, MOCRE: You are speaking of Westinghouse
pressurized water reactor?

MR. FORD: .Yésa scmething comparable to the pressure
release system of a boiling water reactor.

| MR, MOORE: Yes,

MR, FORD: In terms of the other possibilities of
preventing or reducing the effects of potential steam binding,
do you have any of these other systems that you can rely on,
as indicated by Idaho Nuclear? I will show you the 1list, This

-is- IN-1383, Page 26, This is a description of the purpose

of their analysis. The third purpose is: "To examine various }

possibilities for preventing or reducing the effocts of




X1wt3

10

11

92

13

4

15

16

17

18

19

20

21

22

23

25

3172
potential steam binding, such as secondary steam blowdown,
core barrel, check valves or reactor vessel spray or deiuge
systems, "

Do you have any of these systems that could be of
use in reducing the potential for steam binding?

MR, MOORE: No.

MR, PCRD: One of the potential souvrces of steam
generation that could econtribute to &z'&:ezma"'lo:i.mii‘,mgf,r as we list
it earlieﬁy was, as quoted here, the leakage or rupture @f the
steam generating or tubes,

MR, MOORE: Yes.

MR. FCRD: 1Is it correct that that is a potential
source of steam binding, that if this leakage or rupture took
place, it could possibly aggravate a8 steam binding situation?

MR, MCORE: Yes.

MR, FORD: Can you tell me in your own analysis of
steam binding, what assumptions you wmade about the contribu-
tion to the problem from these potential sources?

MR, MOORE: fThere is none comsidered in our analysis.

MR, FORD: Of the three othexr potential sources of
steam generation which can contribute t§ steam binding, could
you indicate whether your analysis comnsidered all of them,
which might have been excluded?

MR. MOORE: The other three have been considered

directly. I have ome problem with your nomenclature, Item £
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was also considered but dismissed,

MR, FORD: I appreciate that. Canr you tell me,in
terms of your anmalysis of the probability of steam binding,
what kind of margins are involved in terms of thé coxre
pressure which you actually compute, you contend that that
core pressure is not great enough to cause steam binding.
If that core pressure were increased by ten per cent, would
steam binding occur?

MR, MOORE: No.

MR, FORD: If it wevre increased by fifty per cent
would steam binding occur?

MR, MOCRE: No.

MR. FORD: Can you tell me whether you performed
the caleculation to determine exactly what the threshold core

pressure would be above which steam binding is likely and |

MR, MOQRE: No, not specifically. The major over
65 per cent of the total pressure drop for steam binding dccurs
in the reactor coolant pump. That's the basis for a statement
that variations of the pressuve drop and the core, which dur ino
this early stage of reflood, which is important with respect

to temperature turnaround, these pressure drops are on the

order of one psi. So variations in pressure drop in the core--

large wariations are not significant because the major

resistance is in the reactor coolant pump.
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MR, FORD: If we performed an analysis in which we
were varying different parameter combinations, can you tell
me, in terms of the pump resistance factor that you are talking
gbout, the variation in that under given agsumptions of that
core pressure, or what variations in that would establish a
t hreshold above which or below which you would have steam
binding, and the other side of which we do not?

MR, MOCRE: Nb; I have no specific numbers for
that. ‘As.not@d in our reportsy the pressure drop in the

pump is assuming arbitrarily that the pump rotor is locked

to give us the highest pressure drop.
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MR. FORD: Can you tell me, im your July 13 testimomy,|

‘and can you identify the discussion that relates to the steam

binding phenomemon?

MR. MOORE: Being on page 9, description of core
reflooding model.

MR, FORD: At the defined end of blowdouwn, when
there is zZero break flow, what is the containment pressure
calculated to be at that time, approximately?

MR. MOORE: I must confess, I still haven’t looked
up the design number for the containment pressure. It is 90
per cent of the rise in containment pressure.

MR, FORD: 1Is it approximately 47 psi?

MR. MOORE: I believe so, yes.

MR. FORD: In texms of the analysis which you

perform on steam binding, am I correct im reading the July 13

'testim@ny, that the containment pressure which you used im i

steam binding analysis, that you simply initially fix this at
whatever you calculated plus 90 per cent?

MR. MOORE: No, not for the reflood part of it.
You asked for the container pressure at the end of blowdown.
There is a further reduction Iin pressure assumed in calculating
?he reflood part of the transient.

MR, FORD: Can you tell me, do you simply take the
curve of containment pressure as a function of time during

the reflood, and you simply multiply that cuxve by 1.9 in

4




X Wu2 3176

8 order to calculate the contalnment pressure that you assumed
‘ 2 duxmg your steam bimdimg computaﬁiom?<
3 _ MR. MCORE: 1 wouldn’t multiply by 1.9.
8 MR. FORD: You increase it by 90 per cent?
5 MR. MOORE: As indicated om page 13, the containment
s back pressure for reflood -- which you started asking about.
7 == is equal to the initial prebreak pressure plus 80 per cent
8 of the calculated pressure increese for the accident.
| 8 MR. FORD: So that the assumptioms that you make
| 10 about contalument pressure in the steam binding a@élysiss in
% 11 that it is assumed that the containment pressure is independent
! 12 of whatever else may be happening in the primary system

' . 13 related to steam binding. For example, that containment
14 pressure isn't changed by any additiomal fluid that may be
|

\

15 ejected during the reflood. From Steam binding.
e R
L MR. MOORE: Yes. The value used for the analysis
¥7 is purposely pickéd to be a low value for comservatism im the
18 reflood calculation. The actual pressure transient is higher.
19 The calculated containment pressure during this phase of the
20 || action and for a turnaround 1s actually higher. So we reduce
21 | th;s éélcmlated pressure to apply comservatism.
‘ 2z MR. FORD: Let me understand this. Have you per-
23 formed calculations of contaimment pressure at the blowdoun
. 24 in which you made that contailament pressure after blowdown a
25

function of, among other factors, the quantity of additionally
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ejected watexr?
MR. MOORE: Yes. The contaimment calculation
includes these energy souries.

MR. FORD: In terms of the direction of the influ-
ence? '

MR. MOORE: Yes.

MR. FORD: 1If the containment were to receive
additional water at Ehe temperatures of the emergency coolant
water, 1f it were to réceive that additional water at the

reflood, would containment pressure increase or decrease?

MR. MOORE: Compared to what?
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MR, FORD: Compared to what it would be if it were
not receiving this additional coolant. |

| MR, MOORE: Additional ccolant to the containmaat
should increase containment pressure,

MR, FGRD; C;n ?ou tell me wﬁéthez your calculation
of the steam binding phenomenon varied the temperature of the
emergency cooling water?

MR, MOORE: No.

MR, FORD: Can you tell me Whether there is any
sensitivity analysis that has been performed en the inlet
temperature of the emevgency cooling water relative to steam
generation Quring reflcod? |

MRw'MOGRE: Not sp@cificailywll guess.

MR, FORD: TIs it coxvect, in gemeral, the higher the
inlet temperature, the greater the steam generation?

MR, HMOORE: YQS.

MR, PORD: Is it @assibie, at the early stages of
wflood, is it possible that the supevhezating phenomendn which
cceurs at later stages of reflood of high axial levels, that
éhis phencmenon of superheating steam would cecur at low axial
levels during reflood, during the early part of reflood?

MR, MOORE: I'm not sure Y understand the question.
Is it possible that the superheating that can sccur at the

upper levels could also occur—-—

MR, FCRD: Lot me—=

T d e, R RTTT
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MR, MOGRE: Why-don“t you repeat it,

HR. FORD: That's not fair,

HR, MOORE: Try again.

MR, FO?RD: Iet me éé‘y again,

We Chserved the presence of superheatéd steam for
long periods of time in FLECHT tests at high axial lewels for
periods on the order of 100 or 120 seconds. What I'm asking
ymhmewwmwwitMpWQMemiEHWWMbeW%mM
for there to be superheated Steam at low axial levels during
an early part of the réflgod?

MR, MOORE: ItAis possible,

MR. FORD: In tests that have been done--I should
point -out, with the water ievels in the Batﬁéile computations
as presented in Figure 11 of 1387--im the tesis that have been
&ne with variable flooding rates, whether any attempt was made
to vary the flood rate to such a low point that there was
practically no imerease in the water level, and was to hold
the flooding rate or stop the fleoding rate and keep a water
level; to hold that water level constant while the core began
to heat up, to determine whether the retardation in the flood-
ing, whetheyr that aggravated the formation of t?e supsrheated
steam at low axial levels? *

MR, TROSTEN: Mr. Chairman, I'd like to hear that

question repeated., I can’t tell whether Mr. Ford is ask ing

about Westinghouse tests or Battelle tests.
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CHA TRMAN JE&SCHs Reread the guestion,please,
{The last guestion was read by the reporter.)
HR. FPORD: I°d like ¢o withdraw the guestion for
sﬁbs&anﬁiaiiy reworking it. Iet me go to my diagran,

If the phencmenon of steam binding were to cceur,

!
would one aspect of the development of this phenonencn include

the fact that you may have refleooding proceeding, but some of

the water is being lost, and the water level here would be

staying consiant at a flooding rate of zero? In terms of the
phencomena of steam binding, would that be an abstract of a
situation in vhich steam binding actuvally occurred?

MR, MOORE: If you had actual steam binding, whi@h
we don't have, you could get into the situation thaw is
dbtained in the semi-scale tests, effectively as you desecribe,
an inability to get a lewvel into the core.

MR, FORD: One aspact of steam binding, as you
point out im the S@miaécale test, instead of having a rising
water level, the water just flows around the whole core and
out the break. That’s one aspect.

As the Idaho Muclear definition earlier pointed out,
they were talking about steam binding as involving both
retardation of flooding and the course of total ejection of
coolants. What I am concerned with at the moment, with ¢he
question I am trying to rework, is focussing om the retarda-

tion aspects of steam binding. Is it clear to vou the aspect




HeWtd

10

71

12

i3

4

5

16

17

18

19

20

21

22

23

24

25

3181
of the steam binding phenomenon that I am talking about, the
particular form of development that I would like to discuss?

MR, MOORE: Yes, Perhaps I coculd help. Tae
flooding vate, as accumulator water comes in, for flooding
in the bottom of the vessel at a fairly high rate, that at
the time we hit the bottom of the cere and get about éwenty
inches into the cere, we are generating steam now in the core
and you f£ind that with time the level im the core rises guite
slowly while the level in the dowancomer is rising up about
that value at the Indian Point Plant.

So that is a retardation in flooding rate associated
with the resistance of the loop.

MR, FORD: I am talking, you know, about the situa-
tion in which the resistance of the loop is such that the
water level is staying constant here; thet additicnal water
that is being added by the accuwmulator is spilling out the
break. The water isn't all being eﬁe@te&, yot it isn't all
going in., We are in that margin of pressure that T was
trying to determine earlier. We are in the margin that you
have a stand-off at this phase of the steam binding problem.

What I am asking about is when you have the water
level at the bottem of the core with a zero increase, there
is going to be steam forming in here. Lven though the water
level isn’t rising, is it correct that there is still scme

small amount of coolant going up the channels and creating |
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more steam at these lower axial levels? Is ¢that correct?

YR, MOORE: Yes, at the point where we heat the
water.

MR, PORD: The question ¥ was t¢rying to ask is
whether the fact that the water that is going up here, thé
velocity is clearly very small. That is what steam binding
means, Is it clear that it is possible to have situations
in which the steam formed here isn't going any place, but

there is heat transfer to the rod so that it is increas ing in

t emperature ?

i
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MR. MOORE: Yes. But let me make you understand
situationb. The dewncomer head is applying a pressure howze.
Now that's forcing -- there is very little pressure drcp, as
I indicated in the FLECHT results, a p.s.i. of one and a half
P.s.i., in this range. I have got about seven P.S.1. acting
through the height of this water in the downcomer. So what
happens in the core is not too significant. We get a certain
amount of water that comes out here. Questions with respect
to superheat or changing the temperature of the water droplets
as they are caxrieé out of the core are not significant, in
that the major pressure drop is over here and the steanm
generator is assumed to superheat that water anyway. Even
if it comes out as droplets it is superheated in the steam
generator as a conservative assumption.

MR. FOkD: Right. But what I am conéerned with
here is that simply in terms of the fact that since the
velocity has been, but no pressure drop has been involved
here, since you are holding the steam in the same axial
location, you are holding it for much longer periods of time,
than the time that these temperatures is sufficient, as I
believe you are agreeing, to get superheat formed at these
low axial levels?

MRQIMOOREe No. I doubt it. I can't definitely
state what the specific case is. Ibsaid it was a possibility.

MR, FORD: Let's investigate the implication of the

i
J
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possibility. If the superheat were formed at this low axial
level}and then let's suppose in the dynamic situation that
Wwe are able to the water starts ¢o rise and the axial
pressure gradient changes so that there is much more velocity
up the channel, do we get the situation as the possible
development of the steam binding accident where the super-
heated steam formed at the low axial level where that gats
up to the high axial levels, where instead of just the amount
of superheat that we observe with no steém binding, you know,
we get a much aggravated superheat steam situation at the .
higher axial levels. T mean what I am asking is this
development an implication of steam binding -- of superheated
steam formation in the steam binding problem?

MR. MOORE: Well, the results from the FLECHT test
are used in this calculation and the FLECHT results were
obtained for flooding rates less than those which are
calculated to assist during steam binding. So that effect,
whatever it is, has already been ascertained from the FLECHT
tests.

MR. PORD: No, I understand the different substances
that have been made, but my guestion was based on the premise
that we developed a few minutes ago, namely, that we are
talking about a constant water level, FLECHT. FLECHT had
data for low flooding rates. Now I'm talking about the

sitvation where the steam pressure is sufficient in the core

!

g
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to stand off the inflow of emergency coolant. Now, under that
éituation, which is quite different from the way the
flooding ﬁates were varied in FLECHT, in that situation and
you get the kind of aggravation of superheated steam fc:r‘ma--=
tion at higher axial levels because of a possible formation
of it at lower axmial levels? The premise of the guestion,
the assumption that I ask you to make, is that we do indeed
get the superheated lower level. I am trying to figure out
what the implication of that is. I am not asking you to
concede the point that we in fact do get it. I am simply
saying that if we get it at the lower axial level will this
aggravate the superhéated steam problem at the higher axial
level? |

MR. MOORE: I guess I would say yes, in that that

represents the zero flooding rate situation. That is true

"in a steam binding situation.

MR. FORD: Right. Now, in %terms of the dynaﬁic
process in which steam binding phenomena may develop, now
if we further suppose that -- all right., After a period in
which we have had a zero flooding rate, but now we startto
have an increase in the flooding rate, will the incremental
superheat steam formed in the previous round, will that
tend again to make conditions in the core such to stop the
flocding rate again or would it be once the flooding rate

started to increase after the initial, or after a temporary
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zero point, zero flooding rate point, that it would then
simply proceed and cover the core, no problems?

MR. MOORE: You have me down a very long, conjectural
path, and I am not sure I understand just where I am now with
respect to the core. I am certainly nowhere near the real
situation. I am sure you realize that. What is the point
that you are driving toward with respect -- what is the
concern that you have with respect to your conjectural
situation?

MR. FORD: Well, I am trying to ascertain whether

the understanding that you have of the steam binding situation

with this analytical model we can go in and investigate the -
implications of steam binding. I mean, for example, you
and your analytical model, the contention is made that all of
the various thermodynamic factors that influence steam, the
steam binding phenomena, all of them are simulated. Now
what I am asking is whether in terms of this model and in
terms of your familiarity with it, whether that's a well-
developed enough analytical tool for you to be able to
apply it to different situations?

MR. HOORE: For example, when we'd make an assumption
and say a set of calculations we make an assumption that

there is a steam binding phenomenon and at some point the

flooding rate becomes zero. Now what I am wondering is
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whether or not your model for analyzing steam binding is an
analytical tool which in this circumstance can be used to
tell us what then will happen, and does that make clear point
of my asking questions which you regard as conjectural?

; mean they are questions which really ask you not for
éonjecturey but ask to apply this analytical tool that you
have. And now I am trying to see how well-developed the tool

is in terms of how well it can be applied to various

situations.
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MR, MOORE: I am just questioning the relevamce of
that approach. I had indicated that the intent of the model
is to describe the reflooding phenomena im a manner that can
appropriately develop a conservative low flooding rate,
recognizing the parameters that are important with respect to
the determination of that floodimg rate, and as applied
directly to the reactor situationm.

MR. FORD: Yes. Now, in terms of the way im which
you apply the various amalytical models that you have
developed, as I understand it, if you have the emtire
phenomenon or chain-. of phenomena that's supposed to occur
in an accident you camr bind up this chain of phenomena, this
Model 1,which specifically amalyzes this, Model 2, which goes
to the next phemnomerna, Mbdei 3, and so forth, and with each
model, you know, Model 2 comments on the sceme and it says,
"Well, what boundary conditions do T get from the Model 129

Model 1 tells me what core pressure is going to be
at the end of the blowdown and then I go om to analyze what
heat-up there is going to be after blowdown. So that as I
understand the ngsting of your various models they supposedly
have a flexibil@&y that they can be used in a givem situation
after specifylng boundary conditions as calculated from

another model.

Now, what I am askimng you in terms of these questions

about the steam binding phenomenon, is whether the steam

]
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binding model you have is such that I can take i, give it
certain initial conditions, I can tell to the model, "well,,
here I am. I have a flooding rate that has just become zero
and it's just stayed at zero for such and such a point and I

can define what the pressure is in the core and throughout the

system at this point. These are your initial conditions.

Now tell me what in the world is going to happen? Will I be
able ¢o overcome these various forces? Will the superheat
that’s formed, will that create a positive feedback mechanism
heating of the upper axial levels such that at this point

there is mo hope of stopping the core heat-up, or will it tell
me, "No, even 1f a tremendous quantity of superheated steam
were formed at the low axial levels and went up to the high
axial levels and aggravated the superheat phenomena, "1t will
tell me;, "No, there is still no problem. We can proceed from
those boundary conditions amd that we éan overcome this steam
binding.” So I think that, you know, I have completed the
questions I had in this area, but im terms of, you know, making
dlear to you what the purpose of them was, it‘'s both because of
my interest, both because of my interest in steam binding and
because of my imterest im the level of development of ghe codes
as indicated by whether or not they canm say something iﬁtellie
gible about steam binding phencmemon givem certailm initfal
conditions. |

MR. MOORE: Thank you.
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CHAIRMAN JENSCH: I wonder. I wanted £o ask you to
restate the question. It was something about whether your
analytical model can be used in applied analysis to the
Indian Point facllity as to whethexr this reflooding will build
up superheated steam at the lower axial level and that sort of
thing.

MRQ MOORE: Yes. The models apply to the reflooding
of the Indlam Polut reactor. It imcludes those effects.

CHAIRMAN JENSCH: And is there the prediction of
superheat ia the lower axial levels?

MR, MOORE: Yes. The effects of superheat at lower
axial levels 1s includedc

CRATRMAN JENSCH: Very well.

MR. BRIGGS: Can it take into account a chugging
phenomenon; 1£ that were to occur?

MR. MOCRE: Wo.

CHAIRMAN JENSCH: Have we reached the end of the
line for today?

MR, FORD: Well, we have reached the end of steam

binding for the.day,

CHAIRMAN JENSCH: Very well. And you wére about to
go into another subject. We will start tomorrow, 'is that

coxrrect?
MR, FORD: Yes.

CHATRMAN JENSCH: 1Is there any other matter we cam
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take up before we recess this evening? I hear no such
suggestions.

At this time let us recess, reconvene in this room
tomorrow morming at 9:00 o'cleck.
(Hearing recessed.to Wednesday, November 10, 1971,

at 9:00 a.m.)
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