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UNITED STATES OF AMERICA

ATOMIC ENERGY COMMISSION

In the Matter of:

LX3

CONSOLIDATED EDISON COMPANY OF NEW YORK, ¢ Docket No.
INC,

50-247
(Indian Point Station, Unit No., 2

Springvale Inn
Croton-on-Hudson, N, Y.

Wednesday, November 3,19%1
The above-entitled matter came on for hearing,
pursuant to notice, at 9:00 a.m.
BEFORE:

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

DR, JOUN C., CEYER, Member.

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

CHA IRMAN JENSCH: pPlease come to order.

I think at the conclusion of last eveninc wé were
discussino the stipulation which had been subnmitted by the
Applicant and which reflected the stipulations of the
Citizen’s Committee for the Protection of the Environment,
Environméhtal Defense Fund and the Hudson River Fishermen's
Aséociation in connection with the Ffuture conduct of the
proceeding.

The Board has given review to their'stibulation and
certainly féels the parties are to be conplimented on their
endeavor to work out procedurai specifics for this proceedina
and the time schedules which they have set forth in the
stipulation.

The Board feels, however, that the stipulation neegd
not be a part of the transcript but the stipulation can, if
the parties desire, be mailed to the secretary of the
Commission and made a part of the formal public record in the
proceeding. ‘There are some things about the stipulaﬁion’that
might warrant your consideration at this time,

.The Board understands that the stipulation has been
submitted in an endeavor to. expedite the presentation of
evidence and consideration of the matters in tﬁis proceeding
and the Bdard wonders whether enough time has been left to

the parties to prepare the findings. The emphasis should be,
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of course, that fhe findings.that are to be submitted are
findings of fact. The lanocuage of the stipulation just
talks about findings and cenclusions, and the Board has
emphasized that the findings should be of fact, and the
Board requesits that the rule of the Commission be followed
that transcript references bz submitted for statements of
faéﬁ to support findings and cénclusions.

if the parties want to expedite the cons ideration
of this case, the proposed findings and conclusions are cne
way to help, and by that I mean if the parties dic out the ,
source of the data which is reflected it will assist the
Board considerably in proceedino to a consideration of the
matter. And of course the references can include the
formally filed documents which include the FSAR.

| But we are also very much interested in having

the proposed findings reflect the discussions of the matters
in the transcript. I believe it's a fair inferences from
many of the submnittals of other cases that sometimes the
proposed findings and conclusions, for instance, from an
applicant, are nothing meore than a copy of what the applica-
tion was when the summary statement was filed at the
beginning of the proceedings,

Well, of course, the Board is anxious to ﬂéve the
conclusions of the parties based upon the facts, We like to

see the facts set forth with great profusion., We would like
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to have these matters set forth and findings so that we may
hear and can find in the record where these matters axe
discussed.
Now for instance, in dealing with experimental
mattexrs let me take just a supposed instance that may not have

any reality or relationship to this case.




10

81

52

i3

4

i5

18

18

i8

20

21

22

23

24

2490

If an experiment were conducted something like
this, that a person tock a match and struck it and
ignited the match and placed it against a piece of dry paper,
all of which were within a dry full-of-oxygen coﬁfainer,
and if thé statement was made that the match lighted the
paper, we would like to see if reflected in the findings
with some specific reference, if there isn't a conclusion
contrary to that,

By that I mean not that there are calculations

made that don’t show that this will happen, if it has

?happened$ I don't know what the Board's consideration

'will be to some of these experimental data. But I don't

feel that the Board will conclude trhat it is limited by
statements in a feport in an experimental matter, that
these are our tentative findings, further research is
needed, and nobody takes any responsibility és to what
was set forth in the report. I think many of the reports
disclaim any responsibility for their horrendous results
that are sometimes set forth,

A match will light a piece of paper. We would
like to see if there is any factual evidence to the contrary,
Maybe calculations are needed, too, but sometimes seeing
it how it is and seeing what happens is more persuasive
than all calculations in the world.

I think the Board is interested in having a
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showing in the findings of fact, what are the important
matters reflected by the transcript. I think sometimes
the proposed findings and conclusions ignore that the
real disturbing matters in a contested case ~- 1If an
intervenor, for instance, should set forth factual matters
and propose findings of fact and conclusions, then
perhaps the reply by the applicant which is provided in
the stipulation can deal with the factual response.
Ignori#g really the substantial problems will not assist
the Board in any respect,

1 know ithe parties did not intend to be too
restrictive in what they preseﬁtéd° The Boarﬁ did find
it interesting.. There was phraseology, I think, in
several places that the parties desire and expect the
Board to give a decision, well. within certain periods
of time.

it has been my impression, although‘l didn't
see any specific ruling, that Calvert Cliffs decision may
or may not have disposed of that intended restrictiocn when
the Court.said within the issues prescribed by a regulatory

body, the hearing board is the decisional group and not

‘to be limited in what it would consider. 1 thought a

necessary corullary of fact that there wouldn'’t be a time
limitation when they consider but would meet to complete

a thorough and independent evaluation of the evidence.
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Just so the parties are clear about it,.I don’t
think the Board feels that the desires and expectations
of the parties to be too controlling about this. Rather
than say we told the Board we want a decision in fifteen
days and the complaints start right away that a decision
isn't out in fifteen days -~ Well, we want the parties
to know that the Board doesn't feel that is the basis
of a legitimate complaint. We will proceed expeditiously
to consideration of all the matters. This case has mény
sérioﬁs prbblems in it, The Board will givé very thorough
cbnsiéeration to all of them.

We don'’t know about this environmental matter.
0f course, this is the first case which is coming to a

conclusion, perhaps, that involves environmental matters.

It is a new field for the Commission. It is a new field

for the Boards. Whether four days will do it for hearing
time on that, we don't know. We don't want the parties
tb feel that they told us that they only want four days
given over to consideration of thesé:mﬂttgrs“

There is one thing I noticed wasn't in the

stipulation. If the Board decides that the case should

be reopened to get further evidence, no time is gspecified

by the parties as to when that should be done.. Nor if
the parties are asked to submit further specifics in

reference to the conclusions set forth, that may take

/
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some time further.

If you have any suggestions how promptly vou

will be able to respond to the inquiries of the Board,

we will be glad to have your suggestions,
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Incidentally, there was an order issued in early
October authorizing fuel-lcading and subcritical testing. Has
that started?

MR. TROSTEN: Yes, Mr. Chairman, it has. The fuell
lbading has started and--excuse me.

MR. CAHILL: Fuel is all in.

MR, TROSTEN: Fuel is all in, Mr. chairman,

CHAIRMAN JENSCH: And how long will the subcritical
testing take?

Mﬁa TROSTEN: Mr. Chairman, this is a variable, as .
@e‘ﬁaﬁé indicated., It could be three weeks, it could be con~
s iderably longer than that.

| éHAiRMAN JENSCH: Will you put a figure on the con;

siderably longer ﬁhan that?

MR, TROSTEW: A month or two, perhaps.

The cne reason that we indicated in the past thet we

wanted to start because if there were any problems we wanted
to be sure that we could catch them early.

CHAIRMAN JENSCH: Well, I think the importance of £
the data is just to assist also in scheduling of this thing.

MR, TROSTEN: ves, that's right, Mr. chairman.

CHA IRMAN JENSCH: We endeavored to provide an ordex
for fuel leading in July and because we understood there was
great urgency and then later we ﬁnderstood that the facility

wasn ‘'t ready for fuel loadinc in July anyway., And zo it may
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mean that if the subcritical testing goes on for a month or
two or three months that there may be some flexibility in the
schedules that Wili assist in the planning of the proceedings.

MR, TROSTEN: Well, are right on schedule, wr,
chairman. Everything is moving along very rapidly.

CHAIRMAN JENSCH: very well. If it takes month or
two or three, that willassist the Board in itg--

MR, TROSTEN: No, it shouldn't take three menths,
Mr; Chairman. We arg.thinking that we might have it done in
three weeks. BAnd as I say, perhaps & month or two if we run
;into problems.
| CHA TRMAN JENSCH: Well, we hope you don'’t run into
a problem, But I guess things change from time to time.

Therefore, we will return this stipulation to vou
for such disposition as you desive, We do compliment the
parties on redching an agreement as to when they will proceed
in the matter, and we hope they will adhere to these scheduies,

MR. TROSTEN: Thank you, Mr. Chairman,

My I comment on the points you nade this morning?

CHA IRMAW JENSCH: VYes, surely.

MR. TROSTEN: First of all, I want to say that

'Applicant's counsel appreciates very much the guidance that

the Board has given concerning the nature of the findings and
conclusiong and we will certainly endeavor to take them fully

into acco¥nt and to take into account the applicable
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i || requirements of the Administrative Procedure Act and the
‘ 2 || commission's rules in formulating our findings and conclusions,
3 || including, of course, making the transcript references.
. 4 : Secondly, I would like to make just one observation

about scme of the phraseclogy that appeared in here, As I

371

have said, Mr. Chairman, we were in noway attemptino to suggest

(-5}

7 || that somehow the Board was bound by tﬁa faet that just because
g |} the parties desired and hoped and expected that the hearing

9 || could be completed in four days, that somehow this bound the
fo || Board., We fully recognime, of course, that this is not so.
g§ _'gat nevertheless, this does indeed, Mr. Chairman, represent

12 6u$ desire and expectcation and represents our best estimatce

. 13

14 || can proceed, and that is all it represents.

based upon what we know about the situation as to how soon we
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CHATIRMAN JENSCH: Well, let me say that the

Board shares your same view. We desire and expect to
have this thing over as socn as we could. If we could do
it in the next day after the length of time this case
has been going on we'd be glad to do it, but I don't think
the complexity of the case permits it either by the
parties or by the Board.

| MR. TROSTEN: Yes, I understand your point,
Mr. Chairman,

One reason why we did not go into the matter,
for example» of reopening the hearing in case the Board
has questions and what time periods were invélved is,
as the Chairman is fully aware, of course, these matters .
are just impossible to predict at this time and we just
couldn’t, didn’t see how we could get into that sort of
complexity., Thié represents our best effort to set forth
the planning that we intend to follow and what it is
that we intend to do,

With regard to the time limits that we set forth
for the findiugé and conclusicns, I can only say that we
realize that we have imposed upon ourselves an exceedingly
heavy burden and we aﬁd the Intervenor's Counsel and the
Intervenor has agreed to impose upon himseif the
exceedingly heavy burden for him of preparing these

findings and ¢ onclusions that comport with the Chairman’s
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suggestiong and the Commission’s rules and regulations

in these very short time periods, because we do want to
expedite the proceeding and we feel that we can make these
schedules if we work as hard as we possibly can on them,

So that is the explanation for the short pericd,

rather than a feeling that we want to short-cut the process.

CHATRMAN JENSCH: Well, ¥ hope you will be able
to do that, because as I say I think in some cases we have
had the impression that just as soon as the heéring was
over aund the last witness left the stand the Applicants
have been able o come up and say, "Here are our proposed
findings,” and I don't know Whethér the proposed findiﬁgs
réflected a single word of the tramscript. I mean as if
the propogsed findings were drawn even before the evidence
was taken. We are most anxious to have the evidence.

MR. TROSTEN: Yes.

CHAIRMAN JENSCH: As shown in this trapmscript,
reflected in the proposed findings. -

MR. TROSTEN: 1 understand fully the point thatc
you are making; Mr. Chairman, and will recognize that fact .
in setting these times. }Thoge short time periodes .in no
way reflected the thought that we weré going to submit a
new,  unduly abbreviated findings and conclusions and we
weren't golng to comply with the requirements,

The only other point I wanted to make wag this,
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You have suggested, you have directed that the stipulation
not be incorporated in the transcript and that it éould
be filed with the Commission. You mway recall that we offered |
it as an exhibit. Will you accept our offer that it
will be considered as Applicant and Intervemor's joint
exhibit in this proceeding?

CHAIRMAN JENSCH: 1 don't understand the purpose
of the offer.

MR. TROSTEN: Well, as I understand the
Comﬁission‘s regulations on the point, Mr. Chairman, the ,
parties are permitted to stipulate as to procedure, which
is what we have dﬁne, either orally or in writing. We
have done it in writing and the parties are permitted
to offer exhibits. In another proceeding which the °
Chairman is aware of a stipulation among the parties was
offered as an exhibit., It seemed to me that this was an
appropriate procedure. I have no strong feeliqgé about it,
Me. Chairman, 1If you don’t feel we should do this we will
simply submit it to the Commission and have it filed in
the §ub1ic document room.

CHAIRMAN JENSCH: I think that will be satisfactory,
‘I think the stipulation contemplated by the rules is that
it would be helpful in the proceeding. Stipulations as
to facts and admissions and so forth, those things that

will obviate the presentation of perhaps some evidence.
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MR, TROSTEN: VYes.

CHAIRMAN JENSCH: It will be filed and have the
same force énd effect as any other natter in the case,

MR, TROSTEN: We will file it with the Commission.

MR. FARMAN: Mr. Chairman, while the Regulatory
Staff is not a signatory to this stipulation, I just want
the record to reflect and the Board be aware of the fact
that we will certainly do everything within our power to.

expedite this hearing and keep it within the confines

of the gemeral plan as outlined By the stipulating parties

and the Board, of course.

CHAIRMAN JENSCH: Yes. Of course the Bqard
looks to the Staff for a pretty thorough review of both
presentations of evidence, i.e., from the Applicant and
from the Intervenors, and we will also hope that the Staff
presentations will be related to specific tranmscript
refeﬁences°

MR. KARMAN: We certainly will try, Mr. Chairman.

CHAIRMAN JENSCH: Thank you, With that are we
ready to proceed with further interrogation? Mr. Moore
was on the stand, 1Is Dr. Roll in here?

MR, TROSTEN: Mr. Mocore agd Dr. Roll are here,
Mr. Chairman, |

CHATIRMAN JENSCH: Do you have further iﬁterrogatiﬁn

of these two gentlemen?
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MR. FORD: Yes, sir,

CHATRMAN 3ENSCH: Will you come forward, please;

MR, FORD: Mr. Chairman, in the interest of
efficiency I have deci&ed to describe two types of questions
that will be included among the questions that I will be
asking this morning as a very standard question, and 1I'd
like to make clear my expectations regarding the way in
which they will be handled so that we won't have any

confusion at all.,
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25G2
The first type of question I°d like to rely on to
settle matters is @ guestion that reguires simply a yes or no
answer., The witness may wish to add some further parentheticai
comments. It mdy be, for exaﬁple, that he feels that the |
Applicant’s non-consideratioﬁ of a certain phenomenon, for
exa&ple, in the accident, give the appearance of some kind of

weakness or flaw in his case., In any event, this further

I am seeking the fact of whether or not the Appliéant is
considering such phencmenaé | o ,
Applicant”s couﬁéel may desire to put the witness.
on the stand to solicit direct testimony from him regarding
phenomena that I discussed. But my own purpose in the cross-

examination with these ves or no questions is simply to

stood that this is the purpose of this guestion.

MR. TROSTEN: Mr. Chairman, ekcuse me. I assume
Mr. Ford is about to commencehis interrogation. Ieot me say
this.

I appreciate the thoughts that Mr. Ford has
expressed which clearly repreéent the advice of comp@teﬁt
counsel as to how to conduct cross~examina£ion, ¥ hope Mr.
rord will appreciate that his suggestions as to how Applicant's
witnesses should respond to his questioné are of interest to

u8, but that Applicant’s witnesses will respond to his
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guestions as they should respond to his questions, and that -
applicant will object to his questions or the form of the
question depending upon the way I hear the question.

so that if Mr. Ford asks a question which you may
consider calls for a yes or no answer, the witness will respond
yes or no if he feeis that he can respond yes or no, not
whether you think be should respond yves or no.

MR. FORD: I understand this. What I am trying to
say is, in my own mind there is some gray aread between what
can be answered yes or no and what vequires a full answer,

g wouid just like to Secure the benefits of the firm area in
which yes or no will do, and parenthetical responses are not
responsive to the'direct gquestion.

The further kind of question inm which I will rely
is a guestion which requests specific reference to experi-
mental results. The answer I am seeking is the name of &
document. It is;graphical material. Again, in this instance
T am seeking comments on whether or not this kind of experi-
ment is anything that is needed or reasonable to do. I am
seeking whether or not Applicant's witness can provide a
reference to an.experimentai report on the Specific matter
éhat ¥ am questioning.

with that preface, I will begin.

. Roll, to clarify some matters yesteﬁ&ay, coulé

you give us your definiticn of the term, seutectic alloy?”
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DR, ROLL: I think--not my definiticn, but a
definition of a eutectic alloy is an intermetallic compound
which forms between two metals whose melting point is less
than the melting point of either pure metal,

MR, FORD: In the definition of a eutectic alloy,
is any stipulation made as to the specific manner in which the
two metals fomm\this euéectic?

DR, ROLL: I wonder if you could expané that'a;'iitt‘l.e
bit, by what you mean by manner in which it is formed?

MR, FbRD: In terms of the changes and struétures ’
ofﬁthe metals relevant t§ eutectic feémation, does thg
definition of eutectic ilimit the conditions or formation in
any way;' Is not any two metals that come together and have
a low melting point a eutectic? 1Is that correct?

DR. ROLL: 1I'm not sure what the answer to your
guestion: is., If you are asking from a basic metallurgic
consideration and an abstract definition of eutectiec, or if
you are heading toward the definition as germane to this

discussion.




D2-Wm-1

10

11

iz

i3

i3

15

i6

17

18

18

20

25

¥
>

2505
MR. FORD: 1If the ziréalloy iconel eutectic
were formed, is it correct that its melting point is
1760 degrees Fahrenheit?
DR, ROLL: That‘’s correct.
MR, FORD: 1If the zircalloy iconel eutectic
were formed and melted at 1760 degrees Fahrenheit, and
reacted with water or steam, do you know the most probable
form of this reaction and the quantity of heat that wéuld
be released?
DR. ROLL: Quantitatively I don't know the most
}probable form of the veaction nor do I know the quantity
" of heat that would be released.
MR. FORD: Do you know what.upper bound would
be put on the reaction to indicate ~- Would be on a heat
release that would assure us that even if it achieved
this upper bound, it wouldn'’t contribute in any significant.
way to local cladding damage? That's not very clear.
What amount of heat from eutectic alloy reaction vith water,
zircalloy iconel eutectic alloy with water, what amount
of heat could we tolerate before we had problems of local
cladding damage?
DR. ROLL: I believe the answer to that question
really requires a consideration of the system that is
undergoing a hypothesized losé of coolant accident and not'

a consideration of the readction per se. Therefore, if there
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is a2 quantitative answer that can be put together, I

think we should agk it in the context of the applicaticn

we have in hand,

MR, FORD: Fine. Let's take the relevant system.

Let’s take design basis accident. Let's take the assumptions

specified in the appendix to the interim policy statement
governing the Westinghouse computer code., That's the
standard situation for our loss of coolant accident
analysis. Let's answer in rhat countext, please.

MR. MOORE: The amalysis performed for the hot

. spot calculation for the loss of coolant, as indicated

" in the application, indicates a peak temperature of

2300 degrees Fahrenheit., Therefore, maintaining all of
the conservative assumptions that go into that calculation,
I can tolerate no additional energy\due to this reaction
without exceeding 2300 degrees Fahrenheit.

MR, FORD: If it were correct that the zircalloy
iconel reaction released any heat at all, is it then correct
that the Applicant's plant would not meet the interim
criteria?

MR, MOORE: In & strict sense, the answer is,yesq

MR, FORD: Iin relation to the hot spni, can you

describe the proximity of iconel to the 2300 degree hot

- spot in your calculations?

MR. MOORE: It is approximately ten inches away
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from any icomel grid, at least ten inches away,

MR. TROSTEN: Mr. Jensch, may I intérrupt the
questioning with this observation consistent with what
the Chairman’s instructions had been in the past during
these hearings to the witnesses,

In responding to a question, if the witness feels
a yes or no answer is appropriate and can give a ves
er no answer, but feelslthat he then must qualify his
answer, that what he should do is to answer the guest
yes or no if he feels that he can, and then to proceed with
the qualification thereafter.

CHAIRMAN JENSCH: I think it is very difficult

. to iay down a positive rule in that regard, I think a

gfeaﬁ deal of court proceeding leaves it to redirect
qualifications and further explanations that would be
related to a specific question. I think admihistrative
hearings do permit some explanation by way of qualification.
I infer from the statement by the interrogator for the
Intervenors that he feels the proceeding would move along
a-lot faster if we did get some yes or nos and go on from

there. I don't know that that is possible in all inscances.

I think if the witness has some reservation, he should

so indicate. If the explanation takes a great deal of

time, we have to leave it up to the redirect. I think if

it can be briefly explained, it may be helpful at omne
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MR. TROSTEN: That'’s what I am proposing,
Mr. Chairman. The problem is in order to move tﬁe hearing
along properly, we obviously, after all of the cro$s~
exxamination and the Board questions are over, are going
to have to exemine the recofd and determine whether rediréct
is necessary. On the other hand -~ And this is going
to take some time., If we can get it dome at that point,

it would save time,
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CHAIRMAN JENSCH: i infer that the suggestion by
the interrogator for the Intervenors may have been'yrompted
scmewhat by the answers yesterday. I think the witnesses in
proceeding to answer are anticipating what might be involved
with some ramifications and they proceeded to give the expla-
nation before they answered the guestion. I think if they
reversed the process, answered the guestion, then if there
was some brief explapation or gqualification given so that we
could have it disposed of. But we did get a lot of speech~
making both in the questions and in the answers.

MR. TROSTEN: I agree, Mr. Chairman.,

CHAIRMAN JENSCH: Will you proceed.

MR, MOORE: Mr. Chairman, may I clarify an answer
I gave préviously?

CHAIRMAN JENSCH: I take it that'’s dirvected to
"ves in the striet sense.,”

MR. MOORE: That's the one.

CHAIRMAN JENSCH: With that consideration will you
proceed.

| MR. FORD: Could the zeporter re-read the guestion
and answexr that you are going to clarify, pieaséa

CHAIRMAN JENSER: If she can, if she has it before
her.

I think the question was something like this. 1Is it

correct that if the zivc iconel released any heat it would not
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meat the criteria, and the answer was "ves in the strict

sense, "

MR. MOORE: I would like to claxify this. 1 made a

pregumption that wasn't reaily in fact the case in the reactor
ané that wasg I assumed in responding to the guestion that the
iconel zirce reaction cecurred at the hot spot and it does not.
So a heated reaction due to an iconel zire eutectic wouid not
cause us to exceed the intevim criteria, |

MR, FORD: Furthexr puxsu;ng the location af,tﬁis

reaction relative to the hot spot, ¢an yvou give me the axial,

: length of the hot spot rod, the hottest rod, the axial length

of the area that is 230C degrees Fahrenheit?

MR. MOORE: In the calculation I irsdicai‘:éd'yestey;day
in the testimony that we divided the core into seven axial
increments. So it was one-seventh of the twelve-ioot core.
tn the actual design ¥ aiso indicated yésterﬁ&y in téﬂtimoﬂy
that the hﬁttez ?egiens of the co&e there tends to be a flat
area in the axial direction of one to two feet, whiéh I in§i~
cated was one 6f the reasons for the randon failure of rods.
I weu$d indicate here though that the hot spot, this one to
twe feet, may include a grid, but there is a flux dépression
at the grid. So the flux near in the vicinity of the grid
is lower than at the hot spot.

MR. FORD: Could vou provide us with a diagram of

the hottest rod and place the grids on it in veazonable sczle
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so that we can make sure we have the picture exactly?

MR, MCORE: This is the length of the core. This
is the bottom, this is the top. - If we look at the axial pbWef
dgstribuﬁicna éhe'typical shape has the tendency of a cos ine
di@tribution where the peak would occcur in the center regions
éf the core over ihis one or two-foot length that I was talking
aﬁout, This location of this peak may shift in time with
operation, but it does maintain that kind of flatness.

So this area may or may not include 2 grid. In
ihis pariticular case if I have & grid here, grid here, and '
2 grid ke, what ¥ have shown you is the power ﬁistribﬁtion,
ignexing the effeect of the grids. wNow when you actually
measure and calculate and measvre the power distxibution which
includes the grids at each grid location there is a £iux
depression because of the neutron abscrption characteristics
of the parasitic metal in the grid.

An&4this reduction in power at the grid is the
reason it is clear that the hop spot néver occurs at a grid
location.

MR, FORD: Can you give us the scalg, the size of
ﬁhé grid, the size of the fiuﬁ depreséion, or do you contend
that the large grids that you have drawn and the large
depressions are to scale?

MR, MOORE: Well, the grids cevtainly aren’t to

seale, The flux depressions are reasondbly to scale. This
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is in the order of a five per cent or more reduction.
MR. FORD: Now over what length of the rod does this
flux dep@ession take place? How larxge is the grid? 3is the

grid three inches, half anm inch, two iaches?
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MR, MOORE: The grid’s about an inch and a quarter

long.

MR, ¥ORD: Avre you sure of that or is that just
the distance between Dr., Roll’s fingers?

Mﬁo TROSTEN: Mr. Chairman, we’think this may
be in the safety analysis report.

MR. MOORE: It certainly is.

MR, TROSTEN: If we are able to find this we
would be ablg to produce this.

MR, MOORE: If you'd like am exact answer, it

is in the document.

MR. TROSTEN: Would that be satisfactory if
we could find ic?
CHAIRMAN JENSCH: 1If it doesn't take too much

#

time, In the wmeantime, I think the witnesses arve somewhat

- inconvenienced by having this easel up here. I think the

cleaner’s men have taken it ﬁp in order to get it oﬁt of
the traffic lame. But if that can be placed dcwn there
the witnesses wmay return to the stand. The witness can
étep down to use it and it may be more convenient.

MR, MOORE: Would you like me to look up the

exact number?

MR, FORD: Well, I think we can go ou.
MR. TROSTEN: A1l right., We will look for ir,

see if we can find it.
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MR. FCRD: HNow when you said that a grid is

ten inches from the hot spot do I take it that when you

are talking about a hot spot you mean Che very middle

7
*

of this one or two foot area, the flat arez, 18 that corvrect
MR. MOORE: Yes. .
MR. FORD: And when you say it's ten inches
away do you mean there is ten inches above that is s grid
and ten inches below.ii is a grid?
MR, MOORE: These are ail; of cémcse9 approximate

numbers., You have to look at the actual flux distributions.

- depression. Them I was taking the kind of span I can

have between the grids and indicating that because the
flux is depressed at the grid that should the flag,
relatively flat peak occur in the viecinity of the grid ic
is actually depressed at the grid.

MR, FORD: That's not what my question was. My
guestion was is there.a grid ten inches above the exact
center of the hot spot and ten inches below? Yes or no,
pleasea

| MR. MOORE: I guess I can't ans@ér the question
;directly, The first point is the hot spot never occuis
at the grid. You asked me how far from the grid --

MR. FORD: Thank you.

MR, MOORE: -~ could the hot spof ceccur. I
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indicated that tem inches. That was strictly on the basis
of looking at the span between grids and knowing the hot
spot never occurred at the grid. That's how I Cerived
the number.

Mﬁo FORD: Let me ésk this, Do you want to change
your answer thaﬁ you will find grids ten inches from the
hot spot? |

MR, TROSTEN: Excuse me, Mr. Chairman. May I
say that I am giving to the witness a portion of the

safety analysis report where either all or most of the

. information that Mr. Ford is askinmg for I understand is

' contained and I am referring this to the witness to

refresh hig recollection on this matter.
| CHAIRMAN JENSCH: Very well. Can you identify
that page?
MR. TROSTEN: Yes.
MR, MOORE: This is figure 3.2.3-9 of the final
safety analysls report. '
CHAIRMAN JENSCH: Thank you,
- MR. FORD: Excuse we. Can you repeat that
Eeferenéé, pleaéé“

MR. MDORE: Figure 3.2.3-9 in the final safety

_ analysis veport,

DR, ROLL: Just for clarification, the question

I think you are asking was how far could the hot spot be




EZ2~Bm=-4

10

[}
12
£3
14
18
38
37
18
ig
20
21
22
23
24

25

2516
from the grid.

MR, FORD: The standing question is, Mr. Moore
do yoﬁ want to change your answer on the question of --
Yow answer that thgre were grids temr inches from the hot
spot?

; MR, MQORE# Could I have the exact question
repeated regarding my answer to see whether I want to change
it?

MR, TROSTEN: While the question is being
repeatéd Mr., Larsen is handing Mr., Moore a note concerning
the scalimg factor that is contained in that page reference.

MR. FORD: I can repeat my question at any rate.

CHATRMAN JENSCH: Very well. Proceed that way..

MR. FORD: The question was how far were grids

from the hot spot and the answer was ten inches, and that

is the answer I am asking you whether you want to change.
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MR, MOORE: The hot spot could be as far as ten
inches from the grid.

MR. FORD: As far as--you mean it could be signi-
f;cantly closer?

| HMR. MOCRE: Yes.
é MR. FORD: How much cleser? wWhat is the range?
| MR, MOORE: It is at 1éaat an inch away.

MR, ?anns] gne inch awéy from the gzid?

MR, MOORE: Yes. |

MR, FORD: Ersgeéding :ﬁxom one inch away fram the,
grid ¢o the grid, can you give ts the precise information on
thosé LOCA temperature differences during fhe accident ?

MR, MOORE: Not fxom the top of my head., We Bve |
looked at the effecés of axial conduciticn. These are in-
significant.

MR, FORD: Can you tell me, does the computer code
sinunlate the grid effect on LOCA lemperature?

MR. MOORE: Wwhich computer code?

MR, FORD: The computer code you have used to
analvze the loss éf coolant accident, heat-up from which you
calculate 2300 degrees Fahrenheit?

MR. MOORE: Which effect of ihe grid?

MR, FORD: %The effect that the temperature at the
grid would be as you indicate here--I don’t know how firm a

figure that is. vou indicate temperature immediately at the
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grid would be five.per cent less than the temperature from
smoothing the curve over the grid. poes your computexr code
from analyzing the emexgeney core cooling effectiveness and
core heat-up during - loss of coolant accident simulate that
gfffect of t¢he grid?
' MR, MOORE: %0 coxrect the statement you made, I
did not say that the temperature was five pexr cent less,
I said the power was five per cent 1es§o

MR FORD: What is th@:temperatgré of the rod com-
pared to an inch away? |

N MR, MOORE: At least 150 degrees.

MR, FORD: Does the computer code simulate that
150-degree difference meven times? It is not 150 degraes
from all areas, Dées it simulate the differences in axial

temperature due to the effect of grid?

MR, MOORE: <vVes, because it calculates the tempera~ |

tures of rods with different power levels.

MR, FORD: 1'd like to know whether explicitly in
the code it has gome parameters reflecting the presence of
grié'spaées and it computes their effects on LOCA cladding
temperature,

MR. MOORE: Which effeect?

'MR; FORD: The effect that the eladding temperature
there is significantly lower than in the posriions of the rod

between the grids,
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MR, MOORE: ¥es, because the code caleulétes the
temperatures of rods which are the eqﬁivalent of five per
cent lower iﬁ DOWEY o |
MR, PORD: Iet me understand that. The code
calculates the temperature of rods that are five per cent

léwez in power than the rod in guestion?

MR, MOORE: As I indicated inm the testimony yester-

day, we calculated temperatures of various pover level rods
in the core. The pover level represented by the pawer level
at the location of & grid is included in this amnalysis,

- CHAIRMAN JENSCH: I wonder if the guestion was
answered. This may be one of the problems that he has had.

I think you were asked, does the code calculate this dif-

ference from the hottest rod. Wasn’t that the guestcion? The

guestion is, does it or does it not? Can you answexr? That
iz as ¢o what you said yesterday or last week.
MR. MOORE: 7The answor is yes on the same basis,

MR, PORD: My point of reference in the gueation

~is the hot rod in the hottest region of the core.

As I understand your answer, what you are saying
isy you compute the temperature for oﬁﬁer rods in the core,
that are five per ceat less power than the hot rod., Is that
what you are saying?

MR, MOORE: 7hat'’s correct.

MR, FORD: Wwhat I am concerned with is whether fox
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the hot vod the five per cent differences in pcwei at spacers
is computed for that rod. Is that done?
| MR, MOCREB: This is one I can't answer divectly.
ghere is essentially no effect, and therefore we don't
cﬁmpute it. There is no axial conduction. |
% MR, FORD: Iet me undexstand you.

MR. MOORE: Essentially no axial conduction.

MR, TROSTEN: Iet me interzupt. I am haéing 2 problen
understanding an aspect of the gquestioning in terms of founda-
tion for the question.

can you tell me, M. Ford, ave you directing your
guestions to a particular portion of rart 3 of the Ccmmissionea
Interim Acceptance ériteﬁia, the Westinghouse evaluation |
medel? In other words, the recipé for calculation of ECCS
performance. Can you direct me to the particular paragraph
or sectiocn, or ié there a particular paragraph and section
to which your questica is dirvected? I am having a little
difficulty grasping whether you are doing that or whethexr you
are not. 1"& like to know that so it could help me to under-
stand your guesticning.

MR. FORB: I see., I am conéérnéd with oné of the
many gaps in the Imtexrim Police State;ent and the camputér
ée&e, T am concerned with a variety of chemical-metal-water
reactions that are not considered at all in these codes,

metal-water reactions which various xvecent experimental data
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i indicate can prove very significantly to local temperatures

‘ 2 during an accident, and extensive cladding demage. The
3 specific metal-water reaction I am concerned with at the
4 moment is the reaction between the zircalloy inconel sutectic

5 and steam, I am cohééxné& to £ind out how the Applicant’'s
¢ | amalysis contained in thé computer code, which dees not con-

7 sider this, how it would be diffevent if it did,
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MR, TROSTEN: I thank you for the explanation.

I recognize this as being one of the principle points of
concern;in the critique by the Union of Concerned
Scientists in October. But what I am still not clear
about ié whether this point that you are raising is
related to a gap in the four criteria themselwves, or
whether it is related to a gap in the technique used for
evaluating compliance with the criteria, or whether it

is both.

MR, ROISMAN: I think at this point, Mr., Chairman,

.1t is difficulc to know which it is because we are having

- some difficulty in pinning down the facts., We need to

know how we gb about computing where the hottest spot

is in the core and what account they take of factoré
wﬁichlthey are émggeﬁtinga as Mr., Moore has this_moining,
will somehow or other reduce the effect of these metal-
water reactions on affecting the hot épote As you
remember, we got into this discussion from Mr. Moore's
qualification of his earlier statement that sai&'that the
iconel eutectic metal-water reaction could produce

temperatures which would exceed the interim policy

‘statement standard of 2300 éegrees Fahrenheit if they

occurred at a hot spot. Then he tried to explain why it
wouldn’t occur at a hot spot.

Now we are tryimg to find out how it is taken
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into account in the code in.computingc We now got the
hot spot an inch away fror the place where the metal»water‘
reaction is goimg to occur.

I am trying to see in the individual rod, are
?hey able to show us how the code takes account of this
iittle pressure dip in théreg From that we may either
éome up with a conclusion-that interim criteria have a
favlt or that the cfiteria finds that the Applicant's
code has a fault,

CHAIRMAR JENSCH: Will you proceed.

MR. FORD: I am ﬁot sure whether there is a
question outstanding.

CHAIRMAN JENSCH: If there isn't, will you pose
another, |

| MR, FORD: _The computer code computes the

temperature history of a single rod in each of its discreet
considerations of the core region; is that correci?

MR. MOORE: Yes.

MR. FORD: The output of the computer code |

corisists of temperature predictions at different axial

levels; is that correct?

MR, MOORE: Yes.
MR, FORD: There are, for the hot rod in the core,
as 1 understand it, seven temperatures predicted along

its awial lemgth; is that corvect?
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MR, MCORE: Yes.

MR, FORD: The axial lengths, as I understand it -- |

Are any of these seven temperatures predicted by the
codes specifically assigned to the ﬁemperatukes at the
exact locatlon of grid SpaéérS?

MR, MDORE: I'm not sure I understand the
question.

CHAIRMAN JENSCH:. Read that question.

(The last question was rezd by the Reporter.)

CHAIRMAN JENSCH: Can you try that yes or no

. or explain it?

MR. MOORE: WNot specifically, no.

MR, FORD: So that is it correct, then, that
the computer codes do not explicity simulate the presence
of grid Spacéfs? |

MR, MOORE: The computef code that I éﬁ discmﬁsimg
that is used in the accident analysis does not specificaliy
calculate the temperatﬁre at a grid, It calculates
témperatures for power levels representative of grid
locations. What you fail to understand is that there is

no significant effect along the length of the rod of

the temperature at one part of the rod to the remainder

of the rod, and that is why we do not consider specifically
the axial location of the grid.

MR, FORD: I am not talking about axial conductance
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at all,
| MR, MOORE: Excuse me,

MR, FORD: Have I ever asked you a question
about axial conductance?

MR, MOOR@;: You have asked me questions on the
effect of the heat é? éhe grid on the temperature at the
hot spot, I can gét-the temperature from the grid to
the temperature to the hot spot without some axial
conduction. |

MR, FORD: The molten iconel zizéalioy eutectic,

.do you expect that from spacers above the hot spot, that

it is possible that this molten liquid, by gravity, will

migrate down closer to the hot spot?

MR;jMOORE: Absolutely not,

MR, FORD: You don't expect -- What basis do
you have that gravity will not move a molten metal in
a downward direction?

MR. MOORE: As we indicated in the testimony
yesterday, éur teste showed we didn't have any moiten
metal of an& sufficient magnitude which would flow,

MR, FORD: I am asking you if the eutectic formed,
would it £low?

MR, MOORE: ¥ am not in'a position to refute
gravity this worming.

MR, FORD: 1Is that a ves answer?
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~MR°'MOORE3 Let me clarify it, We are not just
talking about gravity. We have other effects. We have
surface tension. We have the cooling process of the molten
eutectic which will solidify, We have upward forces
due to the steam-water fiow, So I won't conjecture.

MR, FORD: Can you guarantee that if the eutectic
melted at 1760 degrees and you are above that temperature,
can youAguarantee that surface tension cooling pfécesées
and upward forces would be sufficient to prevent the
migration of this material to the core hot spot from an
‘ingh avay?

' MR, MOORE: I will not conjecture.

MR, TROSTEN: Mr. Chairman, may I just ask a
question that has to with the procedure that we are
following this morning and the timing of it? Yestevrday

‘we discussed the matter of Dr. Roll's availability and
we expressed the hope that Dr. Roll could be released by
roon today, It®s 10:15 now and most of the questions
appear to be directed to Mr, Moore. Could Mr. Ford
endeavoi please tb complete his cross-ezamination of

Ur. Roll so that he could be free by noon?

MR, ROESMAN% Mr. Chairmén, if Mr, Moore chose
to answer the questions, that’s his business, The questions
have been directed to Dr. Roll and we are still talking

about eutectics and metal-water reaction.  If the judgment
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of the two witnesses on the stand is that Mr. Moore's
the more qualified, there is nothing we can do about that.
If Dr. Roll would rather answer these questions, we'd
be.'glad to have his answers,

| MR, TROSTEN: All vight. Thank fyou9 Mr. Roisman,

Let me but it this way then. If Mr. Ford feels

that he wants to direct his questiom to Dr., Roll would
he endeavor to complete that by noon and then we will
take the responsibility if we end up keeping him here
longer than noon.

MR. FORD: Please understand ffoﬁ this point

until further stipulation that all questions I ask are

directed to Dr., Roll.

Now the question, repeating the quéstian which
ﬁro Moore just discussed, can you guaranitee -~ I am
not asking for your conjecture, I am asking for your 
offering of experimental or amalytical data -- Can you
guarantee with any énalytical or ezperimental data that
surfacé tension cooling processes and upwafd forces
would be sufficient to pfevent the migration of any moltien

zircalloy iconel alloy over the one inch distance from

the grid spacer to the hot spot?

DR. ROLL: Because we do nmot think the
phencmenon occurs we have not done such calculations,

therefore we cannot offer the guarantees that the
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phenomenon which we don’t think will occur is going to
propagate.

MR, FORD: The answer is therefore?

MR. ROLL: No.

MK. FORD: No.

CHAIRMAN JENSCH: ¥ think that that is a good
way to start, in reverse, if you can. Glad to have your
explanation and your reagsons for thinking it. VYou have
not got calculati:ns and so foéths that's fine. i think
it will help us move along by finding out where you are
going toilight right at the start.

MR, FORD: Can you tell me in terms of the |
output of the computer. code, assuming that we have had a --
That this area defined the axialvregion of the rod or
one of the seven axial regions of the rod for which
temperature was computed and it had 2 grid spacer in
the middle of it, would the code compute one temperatvre
for the enfire area and not separate temperatuxéé for the
éreas with grid spacers and the area at grid spacers?

MR, MOORE: Yes. |

MR. FORD: In computing the temperature for the

entire area would it simulate any of the phenomena

associated with grid spacers' influence on local
temperature?

MR, MOORE: Grid spacer influences om local
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temperature?

MR. FORD: Yes,

MR, MOORE: WNo.

MR, FORD: Decreases in them?

MR. MOORE: No. |

MR, FORD: It wouldn’t simulate that? So that
is it correct that if we assumed that there was eutectic
alloy formation im an axial ievel including a grid and
if we wanted to include heat from that thé computer code

would not distinguish between the location of this heat

. on the rod; it would just add it to the total heat?

MR, MOORE: That's correct for that computer code.
MR. FORD: So that your computef codes, if
they were exﬁandéd to include this extra ‘heat source
and if it were in the extra héat at all for the hot
power region, then it would give a conclusion of greater
than 2300 degrees Fahrenheit.
| . MR, MOORE: Yes, and in corvect conclusion.
MR. FORD: 1 see. But nevertheless the computer
code that is recommended for use with whatever imperfections

in it, if it were simply modified to take account of this

one extra heat source it would get ws above 2300 degrees

Fahrenheit.,
MR. MOORE: I question your representation,

CHAIRMAYN JENSCH: Would it get you above the
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2300, and then explain it. Can you say yes or no? YWould
it get you above the 23007 |

MR, TROSTEN: Would you understand the question,
because I don’t.

MR. MOORE; I éo now, I guess maybe --

CHAIRMAN JENSCH: Let's have it reed.

(The pending qﬁeétimn is read by the Reporter.)

MR, MOORE: o, |

MR. FORD: Cén you explain ité

MRO MOORE : Wqﬁld you like a clarification?

MRO FORD: Jﬁét the facts, please.

MR. MOORE: Yes. If the compuier code were

corrected to take account of that additional energy, I

would correct the computer code. That is not an imperfection

in the computer code and I would correctly calculate the
effects,

MR, FORD: I see. Now is it correct that there
is already an iﬁperfecti@n in the code?

MR, MOORE: No.

MR. EORD: In that the specific respect that the

grid depression of local témperature, that this is not

. {
siwmulated in the code?

.MRO MOCRE: That is not an imperfection,
MR, FORD: Well let me ask you this. 1Is it

possible with your present techniques to simulace the
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presence of grid gpacers all aloﬁg the rod that you are
doing your calculations for?

MR. MOORE: Yes, it is possible to calculate
the axial conduction effects of grid locations.

MRa>FORﬁ: I didn't ask sbout the axial
conduction effecés, i aéked the fact that the temperature
is different at the grid spacers versus other areas. Are
you capable of simulating that or would yoﬁ have to greatly
expand the number of aﬁial levels that you considér?

MR, MOORE: You are talkimg about the temperature

difference along the axis, right? That's axial conduction

' efiectsg

MRP FORD: . Excuse me. Does that relate to the
effects of one 1évéi on another? I am simply asking,
computing the differences in temperature, not any
éon&uctanceu

Mﬁf-MOGRE: I understand., If I were to calculate
the differences in temperature without the effects of
axial condution the present code can calculate that
difference by merely taking the power level at the grid

and calculating the tewperature versus time.
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MR, FORD: I seeé. Mow is there any experiment x
data et indicates the effects of this simplification,
avoiding the simulation of grid spacers, is there any cal-
culation which indicates the sensitivity of the results to
that simplification to the resulis?

; MR. MOORE: Which simplification avre we now dis-
cussing ?

MR, FORD: N@é'simuiating explicitly the presence
of grids,

MR, MCORE: Fram what standﬁeintq ,

vaw ?GRDs In texms of the output of the code and
the code as you know computes maximum cladding temperature
and m@%alswater‘reaétions and so forth.

Is there any data indicating the extent to which
the p@esené code’s pﬁtput‘wauld be changed if it were vrevised
to explicitly simulate the effects of grids?

MR, MOORE: We are vight back where we started some
time ago where I zaid to explicitly aalcuiatelth@ effect of
the gride and temperature caleculations where I am caleulating
thé effect of the fluz depressiemn at the grid that this is
calculated by takiég the appropriate 1local power level, as
I do in the coﬂé n@wwl

MR, FORD: I see. Put you don’t do this for &

single rod. vYou take 2 lower power level in ogther rods., I8

that what you answered before?
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MR, MOORE: Yes.

MR, PORD: So that im terms of the fact that you
represent a regiom by single rod, for that single rod you do
not simulate the presence of grids?

BR. MOORE: .That is correct, but--

MR, FORD: Bute-

MR. MOORE: HMay I clarify it?

The simulation there, the only simulation that we
vould have te inmclude that you azre talking a2bout is an axial
éffect;

MR, FORD: Yes. But i. am asking you.

m; MOCRE: Do you agree with that?

MR, FORD: Welle-

MR, MOORE: Well, you said ves.

MR, FQﬁD: | ¥ am not the witness.

MR. MOORE: vou said yes,

i&R@ TROSTEN: What is happening, Mx.rord, is that
you are continuing merely to ask the guestion over and over
a{;as.m The witness keeps answering you and thet is why he is
trying te get ymi to eiti*;éx-«-

MR. ROISIAN: We will show thét My. Trosten has
ai&ready testified he doesn’t understand the question., I
think his comments as to vhat Mr. Fovrd is saying are out of
place.

CHA IRMAN JENSCH: Iet's go om without dispute hexe
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@@étii i between the witness and the interrogator? ILet the interrogatorn
| ‘ 2 proceed and the witness will be permitted to explain i7 he
3 feels limited by the guestion, | |
‘ 4 : HR. FORDs m“o.fRoiL to what level éo z':i.rc'allcy
5 water reactions have te fae‘ iiﬁaited bhaefore they pose any threat
6 to contaimment inmgri&y:?-;
7 DR, ROLL: Are pu xéefe:rring %o this kind of a dis-
8 cussion here? | |
9 $R., FORD: 1@0; I'ﬁévé completed the discussion of
10 this particulax eutectic. .‘ I am 'thizzking in terms of the ,
11 hydregen evelved asﬁ& so foxth from the mixeailoy water reactioh,
92 to 'éshaﬁ .le'vél would i:he““xeactima rate or the total amount of
‘ 13 %:hé:.é raagi:i@m rather, to what levzl have it to be limited
14 before yéﬁ ﬁ"nz'eaﬁ;eﬁ containment integrity?
35 | DR, Romz Although you directed the questién to
16 me I think sgain I must refer to Mr. Moore because that's
17 xeally his area, - |
18 MR‘, 'ZE‘R@ST@: We are looking foxr & cépy of the
19 feference ‘m the safety analys is report or other appropriate
20 decument o which we cam refer the interzeogator.
21 CFAJRMAN JENSCH: I wonder if the question is
22 scmewhat unnecessarily complicated., Arxe you seeking to get
. 23 the force that would be gonexated by a metal-water reaction
24 and got that force measured and then we can compare it to

. 25 this othexr phase of containment imrtegrity?
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MR, FOXD: It's not a questibn of force., 1It's a
question of by-products of the reaction, hydrogenm, and so
forth. |

CHAIRMAN JENSCH: Maybe if you ask that type of
thingo i think vhen you get into containment integrity I
think we are thinking that you have to give scme measurement.
T den®t kunow that pr. Roll has indicated he has worked on
wmamem: integrity.

MR, FORD: I see. I aﬁ talking about metal-water
reaeﬁiaﬁ“s contribution to contaiﬂﬁ@nt gmdblemé;::z amaﬁust
tryiﬁg to find eut where éhé bounds aze.

CER fRMAN JENSCE: Well, if vou cah find out what the
proedlies is wiéh the metal-water xeaction, and we will see |
re@azdiﬁg the bouads of the aémtaiﬁmenﬁo

MR, FORD: Specifically as I elarify it for IX.
roll in terms of hydrogen what is éhe maximum amount of meialw
wator veaction that con take place befere you have to worry
about containmgnt integrity due to prcblems associated with
hyar@g@n build-up? | |

MR, ROLL: VYou have redirected the guestion to me.
but 7 am not at all involved in the calculations of contain-
ment integridy.

cﬁRIRMRN JENSCH: Are you secking to £ind out what
would be the meximum force the hydrogen build-up or incident?

¥ Imew we cam take a look at what the contaimment will contain.
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DR, ROLL: 1I believe in the calculations, the
total system calculations, the hydrogen evolution or the
heat effect from the zirc-water reation is calculated,
assuming the parabolic rate law, which I believe is an
ypper bound, That is other considerations would tend
te make it less than that. Therefore, the source term
in our calculations already are at a waximm level,
Addition of water would tend to make the actual local
situation more 1like what we have calculated it tavbe;

MRo FORD: I see., But I am asking in the
parabolic rate calculatioms, at certain tiwes you add
emergency coolant water, It coatribmtes to some metal~water
reaction and it also éoniéc j%ﬁt as you continue this
process at certain degraded situations, part of the time
the water that yoﬁ add is doing more cooling than it is
generating heat. 1 am asking for what is the turn-around

point when the addition of water begins to add more heat

than it does cocliing,

DR. ROLL: I don‘t know for the particular
situation that we ave talkiﬁg about .,

MR, FGRDQ I seé@ You don't know,

MR. TROSTEN: Dr., Roll, is this an area in which
you ave working? |

DR, ROLL: Neo, it is not.

MR, FORD: That’s relating to metal-water reactions,
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That would be x., Roll’s field, the amount of force from a

hydrogen buildup or incident, is that correet?

DR. ROLL: ¥es. If we are relating to containment
integrity I think that is another.

MR, FORD: Xf that is going to be answered by othexs
in other areas, I will defer the gquestion as well,

At what point, D®. R@I.L :do met@l»wm;exc reactions
betin to add--zizxcalloy water redetions spscifically, at what
point do they begin to add so much heat that the addition of
water at that point contributing to the reaction, the addition
of that water would aggravate rather than wmitigate the

'aec idont ?
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relating to - .

DR. ROLL: I believe it is relatimg to the
effects of a calculation of the heat input of the metal-
water reection and the simvltanecus heat removzl dﬁe
to the presencé of the water. I believe this is really
2 heat transfer calculation, the substance of which is
reported in the documentation of the loss of coolant
accident,

MR, FORD: I am trying to welate some compﬁtéf
code calculatimms for the Turkey Pcimt plant with In&ian
Péiné i,fffa facéiitate thisg‘if,it can be done, can you
tell we what the differences are in é ﬁéﬁer.dﬁfpéé and
PWR éystem design between the Turkey Poiat pressurized
water reactor and Indian Point 22 | |

| ﬁRu TROSTEN: Would you exp}ain thé purpoée
for this question? 1 don't guite undérstaﬁ&‘it,

MR, FORD: There have been calculations,

c@mputer code calculations performed on the Tﬁrkey‘?oint'

plant on a2 pressurized water reactor of Westinghouée'
relative to the metal-water reaction rateak I h&véh‘t
seen the éaﬁe célcnlatioﬁs for this plant.and I haven't
seen the methodology, of course, in Ehi proprietary
W@stingh@uée code. 1I'd like to address a number of
questions concerning the results of these computer code

calculations.




Hi-Wm=3

@ -

10
ER
12
i3

4

18
17
8
i8
20
21
22
23

24

2538
As 1 understand it, at least in terms of basic

design, these plants are first cousins. But in terwme of

some other influentisl parameters, I just want to get clear.

I presume that Mr. Moore would have the answer
to this question,

MR, TROSTEN: May I ask, which Turkey Point plant
are you referring?

MR, FOFZ: 1 am referving to Florida Power
and Light Company, Turkey Point Nuclear Generating Units
3 and 4. The data I will be discussing is‘frdm'é
pxelimiméry safety analysis report, Docket No. 502199
Jaﬁuaty 1%;?19670

| MR, TROSTEN: Mr. Moore, are ?ou fmﬁili&r with
the ihformation)that Mr. Ford isvreférriﬁg té?_

MR, MOORE: WNot the specific reference. i am
familiar with the PSAR but not the specific references he

is quntingo
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MR, FORD: The guestion was, before Mr. Trosten nade

his imquiry, what is the difference desigm between Turkey pPoint
and mdian point 2, overall power lewel, and so foxrth.

I@a HMOGRE: Shey are both Westinghouse pressurized
water zeactexs., The mmdian Point plan has four reactor coolants-,
and the Turkey pPoint has three. The power of Turkey point,
the epevating licemse power level is 2200 megawatm thexmal.

MR, FORD: 2and mdian point 2 is what? |

MR, MOURE: 2758 megawatts thermal.

MR. FORD: Ave there any differences in the exﬁeﬁ‘geﬁgy
c@euﬂg systém? Do both have accumulators?

MR, M@iﬁmé Conceptually in the same systems they
both have stcumulators one on each cold leg.

KR, FORD: Do we have anocther cépy of the Mcmia
re?qﬁ:? Em"'ycm héme a copy of the (ak Ridge Mmtional )
Iabc&atary report? It is eatitled, “rotential Métal-éaé‘ater
Reactions in Light-Wter-Cooled Power Reactors.® It is
Exhibit M im this case by Hewaxd A. ¥elrin. It is dated
August 1958,

MR. TROSTEN: You say Exhibit N?

ﬁRg FORD: Exhibit M.

MR; TROSTEN: Excuse me. I b.éﬂg §6ur pardon.

MR, FORD: 1In the aﬂéiwis of pressurized watey
reaction in metal-water :reacetiions, beginning on page 149,

completed on page 151, certain calculations for the Turkey
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Point veactor are reported. The calculations present metal-~
water reaction as 2 function of accumulator water im the
pressur ized wéﬁer reRagtox . |

CHAXRMAN JEMSCH: You refer to two pages. I‘waﬁder
if the witnesses shouldn’t have an opportunity € review éhem@
At this time is a comvenient time for a recess.

MR, PORD: 1°d like to read them out Icud just to have
everyene understand it. Is that helpful for the Boarﬂ? I
think that’s my conceyn,

CFAIRIMAYW JEWSCH: Yes, it would be. ,

MR, PORD: wWay den’t I give it to the Becard as well.

CEAIRMAN JENSCH: vVou ave not going to vead two
pages, aro y@u?

Mﬁ,jEﬁRDs che large paragraph.

cﬁnxﬁmm JENSCH: very well. proceed.

MR, FORD: w%e; ére discuésing calculations with the
Westinghouse code, assuming that the metal-water reaction rate
as ﬁésezibed by Bakeyr amd Just pavabelic relation.

Iﬁ say2, and ¥ gquote, “Typical results of their
calculetions--° this is Westingheouse caiculations as reported
in the PSAR that I noted earlier. “Typiéai results of their
eélculations are those for the wTurkey Point reactors. With
the use of aceumulators in emergency ¢ooling systems,
weﬁtingh@uée calculated that there will be less than one per

cant metal-water reaction, and that the ¢ladding will never
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reach the melting temperature for any size or break in the

loss of coolant accident, If the contents of only one of the
three accumulator tanks reached the core, there will be about
five per cent metal-water reactiom resulting from the double-
cnded failure of the large primery cooling piping. No
agewmulator action would result in about fourteen per cent
ma&éliwatez reagtion, "

CEARMAN JENSCH: Would this be a con‘éeﬁient time to
intervupt so they may study the ccmtéxt of this?

At this time we will recess and reconvene in this

2

room at 1045,

(A short vecess iz taken,}
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CHAIRMAN JENSCH: Will vou proceed with the
interrogation, please.

MR, FORD: Dr. Roll, have you had an opportunity'
to study the pages 149 and 151 that I ieferred to?'.

DR, ROLL: We have reviewed it.

MR, FORD: The Wéstinghouse calculatioﬁs of
metal-water reactions with the parabolic rate law, that
asswmes, am 1 covrrect, an unlimited source of steam
water to react? |

DR. ROLL: That's correct.

MR, FORD: In the Turkey Point computations
is thaf an QQSumption you would mot have made?

DR, ROLL: In Turkey Point --

%ﬁuQFORD: In these csmpﬁtatioms'reported here
they refer aé,you do to Baker and Just’s parabolic
relation, Row does that mean that they make the same
assumption about the uvnlimited availability of steam water
to react?

Aﬁ?; ROLL: That's correct.

ﬁRO FORD: MNow the result that they gave, that
metal-water reéﬁtiqn is a function of accumulator water,
have any experiments be@ﬁ done}fhaé simulated a primary
loop core heat-up in conjunction with the accumulator
water? Have any experiments been done on this large scale

and the grade tests that contradict clearly the predictions
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of the Turkey Point computations for Westinghouse PWRs?
ﬁka ROLL: I believe that's a syétemﬁwrelated
question.

MR. FORD: I am looking fbr a yeé OY RO answevr,
Have these experiments under those conditions besen done?

MR. TROSTEN: Can you give a yes or no answvey
to that?

MR, FORD: Well, we will all try to get an
understanding of that one, too. Have the experiments
been done?

MR. MOORE: The question was kind of loag.

CHAIRMAﬁ JENSCH: Reread the question, please,
Miss Reporée%; ' |

| {fﬁé_ﬁehding question is read by theiﬁepoftér.)

MR, MOCRE: Mo, |

MR, FORD: In your calculations of metal-water
reactions have you explicitliy related them to accumulator
systems action?

MR, MOORE: Yes. In that we use the accumulators

to cool the core.
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MR, FORD: 7vYes. But have you assumed different

portions of accwmulatex water reaching the core and computed

metal-water reaction rates over a range of possible accumulator

system injection rates?

MR, MOORE: Yes, with respect to con{ainmént
capability,

MF, FORD: ®meve you ccmputed the per cent of méﬁalw
water veaction with these different assumptiéns gbout how much
accumulator water reéchas the core?

MR, MOORE: Yes.

i

MR, FORD: can you tell us if your computations that

éii accumulater water reaches the core will be at 1é&st one
per cent mﬁtalewatef reaction? Is that eﬁmr&et? |

MR. mbﬂnés Repeat that, please.

ﬁ§e §GRD:! I£ all of the accumulator water raaches
the core, there will be less than cne per cent metal«éatei
reaction during the loss of coolant; iz that right?

MR, MOORE: ¥es. ‘

ERs FORD: If one accumulator fails to reach the
core, what pér cent netal-water veaction rate will there be?
MR: MédRE: The guoted metal-water reaction that
ﬁas been stateﬂ'in teﬁtiﬁony’ﬁmeviousi§¢ 1688 than .05 per
cent, siﬁce we spill one accumulator in the analysis.

MR, FORD: If no accumulatory water reached the core,

what per cent metal-water reaction rate would there be?
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MR. MOORE: That answer is stated in the FSAR on

page 14.3.4-20.
MR, FORD: What is the per cent metal-water reaction

rate?

MR, MOORE: A8 stated im there, the total reaction

wés 32,3 pexr cent.

MR, FCRD: The computations that you performed

is less ﬁetaidﬁateg'reaation than was presented in the Turkey
Point eamputatiém, aéa for édﬁéf§nu as?ﬂmed_that there is no--
vou assume there ié much move metaidwatez reaééién. |
ﬂf*qﬁeatign is, assuming, for the moment, that--
MR, MOORE: That's not a fair statemsnt. Can I
comitent ﬂﬁ'éﬁat?vfit is not a correct statement. :

MRU.FG@De 12t me ask it in moxe specific detail.

£ all of'ﬁﬁé accunulator water reached the core, it'is

point campﬁtationa indicate that less than one per cent would
réacég‘ié tint correct? |
MR, NOORE: Right.

: ﬁkw'waabg if one acé@mulétéé didh’t veach the
cora Hr Turkey point,rﬁhey cdﬁpmte& £ive per cent metal-
wgtei‘reaétieﬂ rate.

MR, MOGRés That is incorrect.

MR, FORD: Excuse me. Uess than five per cent metal;

=
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water reaction rates.

MR, MOORE: what's the case you are talking about?

MR, FORD: I am talking about the references we just
have been studyving, that the Turkey point computations said
that if the contents of only one of the three accumulator
ténks reached the core, there would be about five per cent
metal-water reaction resulting in the double-ended failures
of the large primary coocling piping.

That the Turkey priant indication I am referring to.
There are three accumulators at Turkey pint and four heaters:
is that corrvect?

MR, MOORE: Yes. That's where the confusion is.

In scme cases you are failing them and in some cases you are
putting them in.,

MR. FGRD: To put things on an equal footing, for
the situwation where they were télking-about'one-third of the
accumulator being lost, they computed five per cent.

MR, MOCRE: Yes,

MR, FORD: You are talking about a fraction that is
equél to one whole accumulator, I believe, and twenty-five
per cent of the other three being lost. iz that your
assumpition?

In one of your calculations you assumed that all
of the accumulator water from one accumulator is lost.

MR, MOCRE: That's correct.




33

4

(23]

10
18
12
13
14
15
16
17
18
19
20
21
22
23

24

I

2547

MR, FORD: And twenty-five per cent of the
accumulateor water from each of the othei three is lost: is
that correct?

MR, MOORE: Vves, that's the approximate numbéro

MR, TROSTEN: Do you understand which calculation
w?.are referring to now, whether it is Turkey point or
fndian peint? 7T am getting confused as we go beetween the
two. Do yvou understand the guestion?

MR, MOORE: I undexrstood that to be Indian Ppoint.

MR. FORD: 2nd it was Indian point.

CHA IRMAN JENSCH: I think if the witness has
difficulty, he should indicate it. Then if the éttorneys
want to study the tramscript later and resolve it. later, they
my. Proceed.

MR, FORD: 8o that in the Indian point case, as I
understand it, vou are talking about approximately onlf half
of the accumulator water rather than just a third of it being
logt: is that correct? You take no credii for one entire
accumﬁlator: is that correct?

| "MR. MOCRE: That's right.

MR, FORD: And then fér twenty-five per cent for
each of the remaining three§

MB.-MOGRE: Is thrown away,

MR, PORD: So that one and three-quarters out of the

four is thrown awayv., So you take credit in this calculation

for 2.25 accumulators: is that correct?
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MR. MOORE: Yes. The srithmetic loocks all right.

MR. FORD: So that you take credit for 2.25
aceumulataﬁs se that you assume imstgad of <~ So. you
assume almost fifty percent loss, yet instead oflﬁmﬁputing

their five percent metal-water reaction rate you only

compute as I understand it .5 percent, is that correct?

MR, MODRE: .05 percent.

MRQ FORD: .05 percemt. So even assuming thét
more accumulator water is lost you compute to orders of
magnitude less metal-water reactieﬁo

MR, MOORE: We are talking about different
accuptlators.

Mﬁo‘Foﬁﬁé Right, right, I understand. But --

MR, MOORE: We ave tal&iﬁg about éifférent cove
vpiumes$ é& we are talking about different volumes of
water. We are talking about sixty-seven to seventy percent
of the Turkey Point accumulater water being lost. That's
one out of three.

MR, FORD: That’s one out of three, Isn't that --

- MR, MOORE: Excuse me., Then I have logt two out
of three. I am only usiug oiie @utvofzthreee

MR. FORD: 1 see, i see, I didn't get that
straight. Fine.

So that you are talking about a case that is

slightly less sccumulator water being lost but to orders
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of magnitude less metal-water reaction rate?

MR, MOORE: This is in terms of percentages of
available accumulator water.

MR, FORD: Right. Now what experimentéi.déta
do you have that indicates the sensitivity of metal-water
reaction rates to accumulator water, and by ewperimental
data I mesn with a siwmulation, physical simulation of
that entire primary loop core heating up and accumulators
injecting the things. Do you have any experimental data

of that development that demonstrates the sensitivity of,

~extreme sensitivity of the accumulator water to metal-

- water reaction rates?

'Mgw‘MOORE: No, There_ére no large-scale tests
for the core. You are talking apout a vefy complex chain
of events. You are ending up wiﬁh a zitcewater reaction,
and you have to start with the 1033 of coolant and go
through the blowdown, the reflood, thelheatwup3 the time
and temperatuve, and then the zirc-water reaction.

 MR. FORD: Right. Now in terms of simply your
expérimedtal pﬁilosophy do yém see the necessity, since

there dré as you note SO many complicated factors behind

any iﬁdependemt phenonenon, do you see the necessity, the

experimental necessity for the kind of integral test
that I am talking about or do you think that you can just

test individual swall compenents of the problem, you know,
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assuming ail the input from other phenomena?

MR, MOORE: I believe it is my opinion that we
can properly bound the calculation without a total
completely integrated test,

MR, FORD: I see. Now by properly bound meaning
the mathematical sense you can study this particular
phenomenon, but in terms of experiﬁemtal confirmation is
an experiment on simply & part of the whole phenomencn,
forgetting the blowdown, forgetting about heat-up, just

starting somewhere well into the transient, and assuming

~all the divisions that have been established by blowdown,

do you think that we need experiments that simulate in
one sophisticated experimental situarion everything toéether
rather then using mathematical approximations that just
tie together models and models and models?
MR, MOORE: That's a rather long question,
MR, TROSTEN: May I ask Mr. Ford a question,
when he uses the term experimental, what experiwments?
I think that it's hard for me to understand the gquestion
and it's hard I think for the question to be responded ® .,

MR. FORD: I am talking about the water reactor

safety program which has a variety of experiments on

different -~ Using a variety of different equipment to
simulate loss of coolant accident situation. And I am

talking about some of the large-scale experiments that are
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planned to take place into 1975 or o in which we will

actually have a live reactor and have it subjected to
loss of coolant transients and see what happens. I am
talking about whether or not that is necessary in
Mr. Moore's opinion, whether that wouid make a substantive
contribution to the confirmation of these results on
metal-water reactions inasmuch as they depend on all the
other phenomena of the transient. I am asking him whether
that is necessary or whether you can simply take
Baker~Just's correlation, which is derived from experimenta%
data that is cowmpletely outside of the context of nuclear
systems?

I am asking him whether we should have these

kinds of integral experiments or whether we can just take

empirical correlations and just use them with no hesitation..

MR. MOORE: I count at least four or five
questions in it. Do I think it necessary, do I think it
would contribute?

MR, FORD: I am purposely trying to find out
what your philosophy is, what you regard as convincing
experimental confirmation of, in this particular case, the
metal-water reaction rates that you computev‘

MR, TROSTEN: Is there an outstanding question?

MR. MOORE: I was just waiting for him, I was

waiting for you to finish your conversation.

vty s Aw‘amma.“
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MR. FORD: Thank you.

MR. MOORE: In my opinion the totally integrated
test is not necessarily a prerequisite td describe a
physical phenomenon and in ihe case of the less of coolant
i don't think it is a reqﬁirement. I think you cén get
very good indications of what phenomena do occur with
these separate effects kinds of experiments that have
been performed. With respect to zirc-water reaction I
would point out that we have come very close to simulating
this through the FLECHT test.

MR. FORD: How in terms of the water reactor
safety resear& prbgram would you tend not to think that
the integral tests were ever really worth their expenditure?

MR. MOORE: I didn’t say that. Are you asking
that question?

MR, FORD: Yes.

MR, MOORE: It's my opinion we will get useful
information ocut of that test, yes.

MR, FORD: Are there any gpecific uncertainties.
that in relation to which the output of these tests will
provide useful information?

MR, MOORE: None specifically that I am aware of,

MR. FORD: 1In terms of the experiments pertaining
to accumulator water, are there any that have confirmed

in any kiand of integral way your own metal-water prediction
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for Indian Point 27

MR. MOORE: I am again having trouble relating
between metal-water reaction and accumulators. Could
we repeat the question again? That's a long train,
fxcm the accurmlator to the metal-water reactionm,
g‘ MR, FORD: I see, Well your prediction of
metal-water reactions as a function of accumulator water,
the toetal reaction rate, has that prediction of yours been
confirmed by any experiments?

MR. MOORE: Ho specific experiment, complete

integrated experiment.
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MR, FORD: T refer you to mage 119 of the Mcrain
report, It is a small quotation that ¥ wanted to read, I
will read it as you study it. It says, “For large double-
endrd pipe breaks, it is conceivable that very little water
is left in the pressure vessel., The amount of water left in
this vessel is important because it is the scurce of steam
for the possible metal-water reaction in the reactor core.”

Do you agree with this statement?

MR, MOORE: No.

MR. FORD: What specific aspects of it do you dis- |

.agree with?

MR, MOORE: I disagree in the context that the way
the ana;yses are performed in that we don’t ecare whether
there is 2 source of steam or not with respect to metal-
water reactions,

MR. FORD: I realise that. I am asking the ques-
tion itself, though. It is true, is it not, as the statement
asserts, that steam does indeed, its presence does influence
the reaction? I am not talking about what you assume.

MR, MOORE: VYes.

MR, FORD: So thet if you coﬁsidered steam limita-

- tions on the reaction, assumptions, conservative assumptions

from the point of emergency cooling in terms of loss of
accunmulator water, those conservative assumptions would be

nonconsexrvative from the point of view of metal-water reaction
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ratés, assuming steam limitation at those rates:; is that
correct?

MR.MOORE:  Yes, assuming steam limitations of the
fates, which we do not do. J

; MR, FORD: Is the containment atmosphere filled with
ajr?

MR, MOORE: Yes.

MR, FORD: Is it possible that when vessel to
pressurization is fully completely, that is when discharge
of primary coolant_has ceased through ihe break, that some
quantitg of air from the containment will enter the xeactor
pressure vessel?

MR. MOORE: I doubt it.

MR, FORﬁ: ¥s there any experimental data from
containment systems, experiments, and so forth, that indicates
that air would not be able under any circumstance to enter
the vessel after the completion of blowdown.,

MR, TROSTEN: Before you answer that gquestion, Mr.
Moore, Mr. Roisman, am I correct in recalling that this is
‘the line of queétioning that pursued with ﬁr. McAdoo? Am I
cerrect, My, Roisman, in recalling that you guestioned Mr.
mcAdoo as great length about the subject that Mr. Pord is now
starting to guestion Mr. Moore about? You have to tell me
whekher that is so or not. I think it is but I am not

absolutely sure.
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MR. ROISMAN: T2t me talk with him a moment.

CHA IRMAN JENSCH: Do you have the transcripts?

MR, TROSTEN: We car get them.

CHAIRMAN JENSCH: Maybe he can recall that.

MR, ROISMAN: To just answer Mr. Trosten's guestion,
it is true that at one time we Qid discuss it, dut in terms
of hydrogen production, the question of wh ther you would have
air that would get into the reactor vessel and also tal& abeut
air pockets and possible exposure. I think it was with Mr.
Wiesemann, as a matter of fact.

R MR. TROSTEN: No, Mr. McAdoo.

MR, ROISMAN: In any case, thet is not the same
subject; although perhaps a couple of the initial questions
are getting at the same subject.

MR, TROSTEN: Thank you.

CHA IRMAN JENSCH: FProceed.

MR. PORD: The guestion outstanding is whether or
not any experimental data in containment systems experiments
from any of the blowdown experiments that have been performed,
whether that data indicates in any way that iﬁ clearly indi-
cates that it would not be possible for air teo enteﬁ the
geactor pressure vessel from the containment at the end of |
blewdown.

MR, MOORE: I don’t know.

MR, FORD: I see. Is there any experimental data
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evolved hy wWestinghouse that clearly indicates éhat it is not
possible for this to take place? .

MR, MOORE:s No.

MR. FORD: 1In terms of the pressure differences in
the contaihment at the defined end of blowdown and in the |
ﬁéactor pressure vessel, &g defined in blowdown, is it elear
that there are no circumstances with those relative pressures
that air could enter the reactor vessel, assuﬁing¢ for
example, tﬁat the injection of emergency coolant water were
delayed for some small period? )

“ MR, MOORE: It is xeally difficult to say. As far
as my kndwledga is concerned, I think there will continue to
be 8 small pméssure difference from sources of steam within
the system which will act in the &irection of continuing
to pushsteam out of the system into the:containﬂanﬁg therefore
preventiné air from coming back in.

MR. FORD: Can you give us tﬁe order of magnitude

for the small pressure difference?

MR, MOORE: It could be a few psi above the

containnment pressure,
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MR, FORD: I see. Ié it possible, from any
phenomena occurring in the containment, that in their
non-equilibrium phases that they could raise containment
pressure at the end of blowdown to be just the other way .
around, to be one or two psi more than in the vessel?

MR. MOORE: I'm not aware of any.

MR, FORD: You deny, as I understand, that it
is possible for air to enter the contaimment although there
is no experiwmental or analytical data to support this?

MR. MOORE: You ave talking about air into the

; vessel system?

MR. FORD: Yes, into the vessel system,

MR. MOORE: T just don't see that ¢hat could
be the case just from basic fundamental undefstanding of
flow and pressure differentials.

MR, FORD: I am going to ask questions, agssuming
this is the case and assuming that there is some quantity
of air in the reactor vessel from containment after blowdown .
I am going to direct wmy questions now to Dv. Roll.

At this time at the end of blowdowm, is8 it

correct that the maximum core temperature will be within

'the range of 300 degrees Centigrade and 1500 degrees

Centigrade, which is the :range of 582 degrees Fahrenheit
to 2732 degrees Fahrenheit?

The question to you, is it correct that at this
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time the core temperature will be, a maximum clad

temperature will be within the range of 300 degrees
Céntigrade and 1500 degrees Centigrade?

DR. ROLL: That is corvect, it will be within
that range of temperature.

MR. FORD: Assuming that there is some fraction
of the rods assumed to have perforated, do you azsume that
100 percent of the rods have perforated in your code
analysis? 1Is that correct?

MR, MOORE: As My, Wiesemann indicated in his

. testimony on Monday, yes.

MR, FORD: Under the conditions of temperature
between 300 degrees Centigrade and 1500 degrees Centigrsde,
and assuming the presence of air, is it correct that under
these conditions uranium dioxide will react with air,
and that U0, will be formed?

DR. ROLL: 1 believe that the answer is yes
thecretically. But one way wish to qualify that in
consideration of time and reaction rate kinetics that could
make the angwer practically no.

MR, FORD: Would you turn to page 81 of the

Mclain metal-water reaction. He, in this literature,

cites the data on this point. It says, and I quote,
"The presence of oxygen or air enhances the oxidation

of U03. The concern for the UQy air reaction is that
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U30g will be formed when the U0, is in the temperature

range of 300 to 1500 degrees Centigrade."”

DR, ROLL: That’s what it says, correct,

MR. FORD: There is no qualification there of
?he kind that you have given. Can you give us a reference
?or this qualification?

DR. ROLL: I believe if we use this author's
reference icself, there is some discussion in there of
the kinetics of this reaction under a variety of conditions,

MR, FORD: I'm sure.

DR, ROLL: I'm not sure. I believe it is there.
I'm not going to quote the secondary reference of this
author, McLain's reference, 151. I believe in there there
ie some discussion of reaction rates.

MR. FORD: Discussion. But in terms of the
qualification that -- As I understand it, you would
believe that it is more likely than not that this reaction
did not cccur?

DR. ROLL: Practically speaking, it is 1ike1y

‘that it will not occur,

MR, FORD: In terms of that épecific assertion,
can you set forth any experimental or analytical data
that supports your position?

DR, ROLL: That's what I just attempted to do.

I believe that in Mclain's reference 151 there is some
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discussion of this reaction under a variety of conditions.
I believe the conclusions thét generally the reaction is
slow and will not proceed to a significant extent is there.

MR, FORD: 1Is there any experimental data
pertaining to the question?

DR . ROLL: For the thiid time, I believe in
this reference they are quoting experimental data which
supports my first statement.

MR, FORD: I see, If the uranium dioxide were

converted to $308, if this took place, would it then

: thermodynamicéliy be expected to react with the zircalloy

 cladding?

DR, ROLL: I believe that the reaction of U30g
and zirconium metal is thermodynamically possible,

MR. FORD: Do vou have any experimental data
that indicates the likelihood of this poesibility?

PR, ROLL: MNo. Westinghouse has not run
experiments to this extent,

MR. FORD: Thank you,

Do metal-water reactions, specifically the

standard zircalloy-water reaction, do they influence the

‘formation of methyl iodide?

DR, ROLL: I believe you perhaps caught us
both unprepared to answer that question. Can you follow

it up?
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MR, FORD: Yes. Let me give you the rationale
why they may. |

If you will tuzn to page 95 of the McLain
report on potential metal-water reactioms in water cooled
reactors it states =«

DR. ROLL: Where ave ybu reading from, please?

MR. FORD: Page 95. It's a section called

Effect of Metal-Water Reaction on the Nature of the

Released Fission . -Products.

It states "They, that is metal-water reactions,

cause higher fuel element temperatures and formation of

" eutectics that tend to release greater quantities of

fission products,

"Second, they, metal-water reactions, create a
reducing atmosphere around the fuel pin that influences
the chemical nature of the fission products leaving the
fuel element., Some of the fission products in which this
ig noted ére ruthenium, tellurium, cesium and iodine."

DR, ROLL:  Excuse me, Can we get together on
this for just a minﬁte?

MR, MOORE: Mr, Ford, neither Dr, Roll nor
ﬁysélf are involved iﬁ'the icdine aspects of the accident.
That question would be more properly handled by another
witness, perhaps Mr, Wiesemann.

MR. FORD: I see. Well just while we have Dr. Roll
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here, speaking as a chemical engineer is there any data

_that you know of, amalytical or experimental, that refutes
the statement of McLain?

DR. ROLL: I am personally unfamiliar with any
data which either refutes or supports the contention of -
Mr., McLain. |

MR, FORD: May I ask Mr. Moore to your knowledge
the relase of iodine and its change from elemental to
organic forms, that your analysis of that does not include
this coﬁsideration of this effect of the metal-water

éreattibn?
: MR, MOORE: That’s not really my area.

MR, FORD: I'm just asking to your knowledge.
" You don't do thie?

MR, MOORE: To my knowledge I don't know,

MR, FORD: Thank you,

MR, TROSTEN: This really is witness McAdoo's
area,

MR. FORD: Dr. Roll, can vou tell me what
éxperimental programs on metal-water reactions are part -
of the Atomic Energy Commission's water reactor safety plan?
I have looked through the various documents pertaining
to that plan and the whole safety research program and I
don't find metal-water reactions at all a subject of research.

Is that your impression as the cognizant person in the area?
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DR, ROLL: I believe I likewise am unfamiliar

with a specific program in the AEC, overall progvam
related specifically to this problem, perhaps indicating

that the work has been done and reported, has been

accepted and no further additional specific work is deemed

iequired,
; MR, FORD: Perhaps.

Does Westinghouse have any research undérway
on any aspect of metal-water reactions?

DR. ROLL: We have none.

MR, TROSTEN: May X interfupt the questioning
to:ask this, I understanﬁ the thrust of the question to
be what is the AEC’s water reactor safety program, does
it cover metal-water reactions. There is evidence in
the record as to what the AEC's water reactor safetry
program is. It seems like sort of a poor way to go about
it to ask the witness as to what the record shows,

CHAIRMAN JENSCH: Assuming that's the premise,

let’'s get on with the question. If you don‘t like what
y

he is doing we can get up and argue it, but let's go on

vwith the questioning,

MR. FORD: Under loss of coolant accident
conditions can the zircallow cladding absorb, if there
were any, an ounce of hydrogen?

DR, ROLL: During the conditions?
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MR, FORD: Yes.

DR, ROLL: Yes, it can.

MR, FORD: Assuming an unlimited supp1§ of
hydrogen, what is the potential for the formation of
zirconium hydride? Can you give us the form for that
reaction?

DR. ROLL: Assuming an unlimited potential
of hydrogen?

MR. FORD: Unlimited supply of hydrogen.

DR, ROLL: 1 believe then you would ultimately,

. given time and temperature conditions, get 100 percent

- conversion to zire hydride.

MR. FORD: Can you teil me what effect this
conversion to zirc hydride has on the embrittlement of

zircailoy cladding?




M2Btl

10
]
12
3
14
15
16
17
18
19
20
21
22
23

24

25

2566
DR. ROLL: I believe it‘s well documented that the

presence of zric hydride in zircalloy cladding tends to make -
the material say less ductile or more brittle.

MR, FORD: In terms of the zirconium oxygen reaction,
asguming unlimited supply, assuming two cases:' Assuming you
ha&e a rod under loss of coolant conditions with an unlinited
supply of steam and assuming in my'second5case:that you have
a rod with an unlimited supply of hydrogen. |

which formation, zircalloy oxide oé'éﬁe ziré hydfide
wddl& have more siénificant effects on claddingieﬁbrittlement?

ﬁRQ Rbnié The éuestioﬁ is soméwhaé academic because
néithéi ziré oxide}nor zirce hydride have much load-bearing
capability. _Théiefore if you set up a totally hypothetical
case of unlimited supply of watér oristeam ér unlimitéd supply
of hydrogen and you put no qualifiers on it for time_and
temperature, then cbviously at some time you are going té.
have complete conversion to zirc oxide or zirc hydride, and
I think it's splitting hairs to say which is betﬁere_ They
are both bad but they are both hypothetically--they are
éractically impossible to achieve.

MR. FORD: Right. I think tﬁé.example is a little
too drastic,

Assuming equal quantities of oxygen available to
a rod and equal quantities of hydrogen available and equal

volumes, which formaticn, zirc oxide or zirc hydride, would
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be the more problematic one from the point of view of sub-
sequent effeéts on cladding integrity?

DR, ROLL: i really think again we have to qualify
the question a little bit more because equal quantities of
baoth are going to lead to a condition in the cladding again,
dépending on time and temperature and extent of reaction and
similar things, and I really don‘t think:tha% the question that
you are asking is going to lead us to a meaningfuivanSWer°

CHSIRMAN'JENscﬁs well, assuming that it does.

DR, ROLL: I don‘t kﬁawa Given the question that ig
stated‘I don’t know the answer, but I think the question is
stiil suffiéiéétléﬂgeneral that I can give a sufficiently
general answer that says both zire oxide and zric hydride
are deleterious to subsequent mechanical integrity of the
cladding. ‘

CHA IRMAN JENSCH: You don’t knmé?

DR. ROLL: I don't know, but again ié's a question
of degree.

CEAIRMAN JENSCH: Thank you.

MR, FORD: s Westinghouse or has anyone to your
knowiedge perfofmed any series of tesﬁg relating to Zirc-.
hydride formation unéler loss of coolant accident conditions?

DR, ROLL: To my kndwiedge I can refexr you to our
own FLECHT tests and there is a publicly available document

2

which summarizes the results of our FLECHT tests and in
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these I believe that the dégree of hydride pickup in the
cladding is reported,

MR. FORD: I see. Were those tests varying para-
| meters with a specific point in mind to obtain data on zirec
hydride formation?

DR. ROLL: The objectives of the FLECHT program are
really to determine heat iéansfer information,

Mko FORD: Yes. ~

DR. ROLL: As a subsidiary benefit we did look at
éﬁe‘pbétote9£‘conditidns of the rod. S0 the tests were not
?efined and the parameters were not seiécted with the objective
bf obtaining detailed information on the formation of zirc
hydride. |

MR. FORD: So the answer to my question is no.

Is it correct éhat the stainless steel strﬁcﬁure in
the core region can form low melting eutectics with any
zirconium that may come in contact with it?

DR, ROLL:, That's correct.

MR, FORD: Is it correct--

DR. ROLL: That's correct in,éhe sense that there is
a zirccnium-chrome eutectic and chrome is a constituerit of
;tainless steel. So in that sense it's a similar--we are lookir
at the elements that are present and there are eutectics
forﬁed with the elements that are present.

MR, FORD: IS it correct that the zirconium iron

g
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steel and zirconium, that these could have melting points as

low as 924 degrees Centigrade?

MR . TROSTEN:

May I have a reference to the diagram

tq}which you are refé:ring, Mr. Ford?

13

\
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" MR, FORD: I am referring to the McLain report
2 . Potential Metal-Water Reactions in Light Water Cooled
3 Power Reactors, and the information here is contained
4 || ©on page 8 and it presents --
5 MR. TRGSTEN: Page 87
6 MR. FORD: Page 8. )
, | MR, TROSTEN: Thank you. |
8 _ MR, FORD; Are you familiar witﬁ that page?
9  5 ; DR. ROLL: T have the page here., I am not
g0 || familiar with the reference but I will assume that it is
0" gqup%ed correctly, , | | ) | |
" | CHAIRMAN JENSCH: While we pause I wqﬁdéz if I
93 got the correct answer. I think the previouquéeétion
14 you asked, if Westinghouse had any tests which would
95 indicate the comparative deleterious effects of zirc oxide
96 or zirc hydride and you referr:d to the FLECHT_test and |
07 then you asked, "Well, what do the FLECHT tests show?"
18 and I think your aﬁswer was , well, that they fea11§
" weren't set up to get this,
20 . So are we back to the situation that Westinghouse
21 does not have any tests, experimental data, to see whether
22 zirc oxide or zirc .hydride is worse than the other, is
23 that correct?
24 DR. ROLL: I wonder if I cculd have the question
25 reread, the question that I answered, where my answer was
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the FLECHT tests were heat transfer tests. I wonder if I

could have that question reread. I didn‘’t understand
it as you understood it.
CHATIRMAN JENSCH: Do you have it, Miss Reporter?
Let's obviate that. Give me the answer.
DR. ROLL: The question I thought I was asked
is were the FLECHT tests set ﬁp_tb.determine Speéificaily
the nature, degree, et cetera, of the zirc hydfide reaction.
My answer was -- Unfortunately I gave my ansWerfin the
wrong order., My answer was no, because it was a heat ,
transfer test, but we did obtain information and have
reported said imfarmation,r;iQSQﬁt infofm#tiong thht we
had reported this information in the ==

CHAIRMAN JENSCH: Does that show whether zirc oxide
or zirc hydride is worse than the other?

DR, ROLL: 1t does ﬁot show which is worse. Iﬁ
merely discussed the uptake of the hydrogen;

CHAIRMAN JENSCH; . Thank you.

MR, FORD: 1s tﬁe form of the discussion such
that it’s just a report, "There was such and such a zirec
hydride formed"? 1Is there any theoretical analysis of
the formation there, of the conditions that brought it
about, and of, you know, the general significance of
that result?

MR. TROSTEN: 1If you have a page there would you
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read it?

DR, ROLL: If I may, can I quote for the record
our report of the hydrogen uptake? I am quoting from
WCAP 7665, page B-22, paragraph B.4.,2. "Although hydrogen
analyses wefe limited to a few selected samples, the
absence of visual hydride needles in the microstructures
examined, and the low hydrogen values determined
quantitatively were persuasive evidence that hydrogen
uptake ﬁas a low proportion of the potential available
hydrogen from the metalwwaté# reaction,” :

Let me continue théﬁw. Next pa;;gréﬁh;

"While it was not confirmed in these tests it
would be anticipated from the work of Brown and ﬁardie.
that hydrogen precipitation would be influenced by the
oxygen diffusion and of the alpha zirconium layer ( and
of course the oxide film) would coptain little or no

h&drogen, Excluding the tests of Run 9573 from which

'hydrogen data was not available, the maximum observed

thickness of zirc oxide plus alpha zirconium in this

WOfk was less than 2.7 wils or approximately twelve peréent

of the initial clad thickness. Therefore, the concentration

of hydrogen in the remaining thickness of the clad would

be scarcely detectable, given tﬁe varianf:s9 the hydrogen

content observed and the limits of analytical accuracy.”
That'’s the nature of our discussion of the hydrogen

pick=up in the FLECHT test.
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MR. FORD: I see. For example, the main determinant
of zire hydride absorption, it is coxrect that in addition
to ‘thé presence of hydrogen, the main determinant is pressure;
is that correct?

DR, ROLL: No clear.

MR, FORD: Is there any experimental data that
demonstrates that pressure is not a significant éetermlnant
of zirc hydr ide?

DR, ROLL: There is not to my knawledge expermental
daﬁa that suggests that pressure is the mam detemmanto I,
believe that was the directien of your questlon,

MR, FORD: MNo. It wasn't. My point is, is pressure
a sigﬁificant«-not the main ngéessarilya - Is it a éigﬁificant
factor in the formation of zirc hydride?

DR. ROLL: Yes.

MR. FORD: Is the pressfgre involved in the FLECT
test influencing zirc hydride formation, was that pressuire
measured locally in the area of formation?

DR. ROLL: I beliévé it was béought out in dis-
cu;ssi'on. yester&a.yv im a differéﬁt context., There were bies'sure
sensors within the bundles in the FLECHT test.
| MR, FORD: There are ﬁwo pressure tabs. I am
talking specifically in the locatiom of the rods in which they
were inspecting for zire hydride. Was there any direct

neasurement in those locations?
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1 DR. ROLL: Iet's check the report and see.
. 2 H ME . E‘brd, we: suspeci there were not detectors in

3 these areas where cross sections were taken of the gualification.

' 4 There were pressure--
5 ) MR, FORD;: ™o pressure tabs, yes.
& DR. ROLL: Aleng the length of the assembly. These, .
7 I ;.,loélieve, show very small pressuré differentials along the

8 length of the assewbly.

o | MF. FORD: So that ;@ terms qf zi:c hydﬁiée as é
io fuﬁcti@n of pressure, thez:e;is .nfo rel@@nﬁ daté since pressure
i1 was’fm“t a parameter, the pgeséuré-was varied?
12 MR . M@@Rég We were talking-- L
o 12 CEAIRMAN JENSCH: Can he answer that question yes
54 or ne?
15 MR. MOORE: No. The anéwer to fzhe question is there
16 is relevant data.
17 MR, FORD: I am sayimg; since we are lookihg ét ﬁhe
18 influence of pressure upon zirc hydride, since there is no
19 data on diffexent pressures, there can be no data on its
20 influence. It is only one éééfss'i\re; is that not coz%‘ectz
21 ' MR. MOORE: No, that is not correct, in thé sense
22 you must understand we are talking about pressures of, for

23 example, 60 pounids in a test assembly and talking about
24 differential pressures within the assembly, or along the

‘ : 25 assembly of two to three psi at most. So that's the largest
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pressure difference we are talking about that could exist of

2 putting that on perpespective,

3 MR. FORD: simply in terms of any kinds of sensi-
4 tivity analysis relating differential pressure to zire

5

hydride formation, the results of the FLECHT test, is it

6 | correct that they don’t contradict your previous statement

7 || that you doen’t have any experiménﬁéi &aéa_égplainihg the

8 mechanisms, and so forth, of Zirdlhydride formaiibn?

9 DR. ROLL: No, we do not have a series of tests run
101 ¢o éive us theoretically the effect of pressure on hydride ’
| yptake, | |
2 || |

MR, FORD: Thank you.

3 To return to thestainless steel eutectics that we

14 il were discussing, I believe we ended with yow non-disagreement

B |l with gierain to the effect that these eutectics could have

%l a melting point at least at 924 degrees céntigrade,

17 ' Do the Westinghouse computer codes account for the

18 foxmaiiom on this eutectic and its interaction with cladding

¥ || temperature, local blockage and so forth.

a0 DR. ROLL: They do not.
21 ) ' MR. FORD: On the Baker-just equation we were dis-
22 cussing yesterday, it is correct that this équation assumes
23 that all the reacted metal is converted into stochiometric
24 . . s

zircalloy diocxide?
25

DR, ROLL: I believe so.
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MR, FORD: Is this a simplification of the situation:?

DR. ROLL: No.

MR, FORD: vou deny that there are lesser oxides
of zircalloy formed in the metal-water reaction?

DRQ'ROLL& 7o my knewledge, work that has been done;'
gost test evaluation of work that has been done in these
@irccnium—oxygén_reaction indiéates ZRO2 is the prOduct;

Mﬁ; FCRDa is theré no observation éf a lesser
oxide, 7RO 1.97?

ER; ROLL: To‘my knowledge, to repeat, the product}
is essentially 2ZR0;. :

MR, FORD: Excuse ﬁe;A

DR, I say, you have a refereﬁce in front of you
there. I wonder if-- | |

MR. FORD: Thié'ié ﬁcclain again, Eééé 14, in which
he states, and I guote, “Acéually gsome of the oxygen from
steam forms 2 solid solution and lesser oxides such as
ZRO 1.97 with zirconium,®

He goes on to contend that in terms of the
experimental data that he has, that this is insignificant.
1°d like to find out whethef you fin&.éhat true or ﬁot._'

You don't have any data at all? vyou have never observed this?

DR, ROLL: We have experimental data that I believe

supports his contention.
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MR. FORD: In your experimental data, have you
explicitly measured the formation of these lesser oxides?

DR. ROLL: The work that we are reportring in
the FLECHT report, I believe ~-

CHATRMAN JENSCH: Could you just give it to us?
Have you explicitly measured the lesser oxides? Then
you can explain what you wish to.

DR. ROLL: I don’t wish to be put in a positibn
of agreeing the ZROy g7 necessarily exists. I am not

a basic metallurgist. I say, to my knowledge, the pro&uct

. ig ZRDZU Therefore, I don't wish to answer the question

directiy because that infers that I am agreeing with the
éntire premisé here.

MR, FORD: No. The question is, in your
metallurgical evaluations of these met&l»watef reactions,
have you measured explicitly and have you looked for these
lesser oxildes?

DR. ROLL: We have looked across a cross-section
of zirconium and zirconium oxide sampies, and to my knowledge,
have not seen or reported anything other than ZR0O9 and
zirconium, and perhaps solid solutions of these two materials.

MR. FORD: The techniques that you used to look
across the-éroSSasectiong do these techniques have the

demonstrated capability for finding lesser oxides or

identifying them?
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comment on that., I'm not a basic metallurgist and I am
not familiar in detail with the techniques used, say,
in particular, in the FLECHT report or in other work we
have done. Therefore, for me to comment on the sensitivity
;f a method we are using te detect suboxides, I think
would be more hearsay than in fact factual evidence.

MR, FORD: Still on the Baker-Just equation,
could you turn to page 34 and 35 of the MclLain metal-water
reaction report. 1 am concéfne& here ﬁith Section 2.1.3
reaction rates. That’s metal-water reaction rates I am
concerned with, That is Figure 2.3, a comparison of
predicted and experimental rate data with zirconium-
steam reaction.

It presents the parabolic relationship deri&ed
by Baker and Just. It presents the equation for that.
is that the equation you use in calculating the zircalloy-
water reaction? That”s the Baker-Just equation.

DR, ROLL: Yes.

MR. FORD: The suggestion is that, in reading,
“"White, in a recent investigation, sugéested the following
modification.”

There is another parabolic rate equation of the

metal-water reaction.

Do the computations that you perform on

12
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meﬁal-water reactions,; in that do you use Baker-Just
solely or have you performed metal-water reaction rate
computations using White's modification of the Baker-Jjust
equation?

. DR. ROLL: I don't know personally whether or

@ot other equations have been looked at in the context

of the loss of coolant accident evaluation.

MR, FORD: But in your own evaluation of metal-
water reactions that you are testifying to, have.you used
tﬁé modifications suggeStedTby,White?

DR. ROLL: No; we;haﬁé not.

MR. FORD: Are you familiar with the modification
suggested by White? Have you studied reference seventeen
here?

DR, ROLL: We have not gone into detail in
White'’s reference or gone into detail in the nature of
White®s work.

MR, FORD: Let'’s go into some small detail about
this work and turn to Figure 2.3. Figure 2.3 §resents9
as it indicates, the prediction from Béker and Just's
equation, the prediction from White's équation, and the
variety of experimental data from Baker ané Just, Boster
and Lemon and White. This data indicates, am I correct,
in looking at the chart, that at lower temperatures,

White’s rate equation predicts a higher metal-water reaction
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rate than Baker-Just?

MR. TROSTEN: Dr, Roll, you have indicated in
response to Mr, Ford’s question, that you are not really
familiar with this work. Do you feel that you are able now,
in response to these questions, answer these questions,
or would you prefer to study them and then be in a position
to respond to question about this chart that you said
you haven't looked at or that you are notvfamiliar with?

Which would you prefer to do?

| DR. ROLL: I would prefer not to get into the ,
gdgécgééidnléffWhite’s work., However, I can’t answer this
;réCeﬁ% question.

| MR, FORD: I intended to confine my questioning

here.to thisAchart, I presume Dr. Roll would stipulate
that the pre&iction curves are correctly drawn and so forth,
and discués the implications of them with me, at least for
the sake of the discussion, |
| DR. ROLL: Fine, Proéeedb

MR. FORD: We can introduce evidence at a later
daté to.producé gvidence that the curves are incorrectly
oﬁ éorrectly dravm and sé fditho

My question is, is it correct that White's
rate equation predicts higher.metalmwater reaction rates

at low temperature them Baker and Just'’s rate equation?

DR. ROLL: At the low tewperature regime, it is
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co%rect that the curve labeled "White's rate equation"
predicts higher rates than the curves labeld "Baker and
Just rate equation,”

MR. FORD: And at higher temperatures it is just
the other way around, isn't it, that White's rate equation
éreducts lower parabolic rate constants than Bk er and Just
;ates equation? | |

DR, ROLL: That's correct.

MR, FORD: Just back on the chart, to talk
about the magnitude of these changes,‘it is véfjuélosé
together but a semi-long scale which makés smaller
differences really much larger. It is correct, for

example, that when we are talking about these differences

in metal-water reaction rates between these two curves,

it is correct that on the lowest portion, on the lowest

temperatures -- Do you agree with me that we are talking
about twenty-five percent differences in the prediction

of metal-water reaction rate for temperatures on the order
of 1000 degrees Fahrenheit? So that the maximum difference
ﬁﬁder_léw temperature conditions «~- It seems to me that
just reading the chart hgre9 that foﬁ the lowest temperature
considered, White predicts .5 percent metal-water reaction
whereas the Baker-Just equation predicts .37 something

or so. JSo that there is, you know, on the order of White's

equations, on the order of twenty-five percent higher than
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Baker-Just.

MR, TROSTEN: Do you agree with that?

DR. ROLL: I agree with that,

MR. FORD: 1In terms of the data supporting the
curve here, in terms of the different parameters in the
’two equations -~ You don't have to go into White'’s work
to see the parameters here. Do you héﬁe any information
any experimental information that would call into question
White's parameéers? | o

DR. ROLL: Welhéve none.

3 MR, FORD: Just in the form of his modification
' of Baker-Just's equation, do you have any basic criticism
on the basis of the modification as reported by this
equation ﬁere? |
| _' DR, ROLL: Again; I'm not familiar in detail
wiéﬁ Mr. Wﬁite“s work and therefore it is probably
inappropriate for me to comment om a basic diffeﬁence.

MR. FORD: I am simply saying in terms of.your
work with which you are familiar, would you have made the
modification in Baker-Just that he did, and for youf
reasons based on your data?

DR. ROLL: The data which we have and which
has been reported was looked at merely as a comfirmétion
of Bakere-Just, and we did not inde@emdently attempt to

arrive at a separate equation.
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MR. FORD: Just looking at the curves here,
would it be correct to say that if we wanted to estimate
metal-water reactions conservatively, and the option
was between Baker and Just's equation and White’s equation,
which would we pick for lower températures?
f MR, MOCRE: I will answer that question.
MR, FORD: I am talking about metal-water
reactions. |
MR, MOORE: You are talking abouﬁ the metal-water
reaction that exists during loss of coolant transient.
| MR. FORD: 1'd like to have Dr. Roll's answer.
If you care to comment on direct‘testimony, I'm sure I
will be glad to have it.
i MR, TROSTEN: Dr. Roll, are you competent to

answer the question? That's the important point, mot

whether Mr, Ford wants you to answer it,

97 CHATRMAN JERSCH: I think this is important, also.
16 We have had the suggestion from Applicant's Counsel at
9 several times to different witﬁesses, do you feel youvare
20 competent to answer. I know A@piicant's Counsel doesn‘t
21 intend this, but almost has the impression to tell the
22 witness, don’t amswer, because you reslly are competent.
‘ 23 This gentleman, as I understand it, has worked on metal-water
gg . zeactions. In order to pick which of two choices to

25 be a more conservative estimate, this apparently i1s in his
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fileld. Maybe Mr. Moore would say, well, you may do that

but as a matter of policy, I will override it. I think

. the question is to this gentleman, what he believes is

wore conservative from a metal-water reaction. That's
why he is called here, I think when you turn to the
witness and say, well, I really think you are competent
to have this understanding, it is almost like telling him,
don't answer. All you have to say is that'you are not‘
competent. I don't think that suggestion shcuid‘be

constantly reminded to the witmess. All witnesses know

o thét as mentioned them several times, I don‘t think we

' need repeat it every time.

MR. TROSTEN: 1 agree with the Chairman®s
point. The only point I am attempting to convey, Mr.
Cﬁairman is this: We have witnesses present here who are
éﬁpaﬁts in specific fields who have been called by the
gpplicant or called by the Intervenmors to testify in
;ertain fields. When a question is directed by the
Intexrvenors’ Counsel to a witnéss who is a technically
trained person and not a legally trained person, and he

doesn’t fully appreciate whether he is somehow cbligated

to give opinions in areas where he isn’t an expert where

tie hasn't been called, I spoke. That's the reason why

I am trying to make it clear to the Intervenmors®’ Counsel

which just of ocur witnesses have been called for which purpose!
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That’s the only reason I was waking that suggestion,

MR. FORD: It is very clear to me that Dr. Roll
is a competent person to discuss metal-water reactions.
1°'d like, if I may, to pursue my question.

CHATRMAN JENSCH: Proceed.
g MR, FORD: Dr. Roll, the outstanding question is,
. ?f'we vanted to choose a conservative estimated procedure
concerning metal-water reactions, and we are given the
data of this chart, the relationship between Baker and Just
rate equation and White'’s rate e@uation, which would we
'éhOOée, focusing on the lower temperat&re ﬁéif of the
éé?cgrum? |

DR. ROLL: As we have just recently mutually

agreed, at the low range of the graph. The White equation

gives a twenty-five percent higher rate than the Baker-Just

equation, Therefore, let me answer your specific question
by saying, yes, at the low temperature range you would
uée'tbe White equation, Let me further proceed, however,
ta &efervto Mr. Moore and have him repeat some of the
information he gave yesterﬁay_on the importance and
relevance of the rate Séiecticn irn this low temperature
range;

MR, FORD: Exzcuse me. I have a line of questions
which I'd like to pursue with you. |

DR, ROLL: I believe the direction I got was that
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opportunity to put qualifications on my answer, yes or no,

and I think it is important that we put this qualification
on thé relevance of that answer.

MR, FORD: TYour qualifications ave appreciated,
but I want not Mr. Moore's -«

DR, ROLL: You understand what my qualification
was going to be?
| MR, FORD: You qualified yoﬁr answer there.

DR ROLL- My qualelcatlon was going to be the
relevance of that ‘answer to the overall scheme of things.

| CHAIRMAN JENSCH: Maybe Mr. Moore said it
yesterday and then it won't have to be said today.

‘DRO ROLL: 1Is it apparent to all?

CHATRMAN JENSCH: GCive us the transcript on
éhat sometime and we will take it from that point. Will
you proceed.

MR, FORD: 1Is it possible, in your computation
of the metal-water reaction rate, to use different rate

equations over different temperature ranges?
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oh, yes. 1It's mathematically possible.

MR, FORD: I see, Now when we go to the high
temperature range I am sure you will agree veadily that Bakex
& Just’s eguation is more conservative than white rate
eguatiocn, is that correct? |

pR. ROLL: That's obvious from the grapgh.

MR, FORD: Right. So that if we wanted in terms
of the mechanice of the computer code, that continuously
computes the metal-water reactioﬁs, we could use instead of
simply Baker-Just ox simply white'’s rate equatlon wa could use
gbath of them in conjunction, swztchlng from one %0 the other,
appwé&iﬁéteiy 1200 degrees Centigrade or so, is that correct?j

¥R, ROLL: 1It's mathematicaliy pgggible to do thét;

MR, FORD: I see, So in terms of your teﬁperatuxes
éf reference, however, with regard to the interim criteria

is it eorrect that we would be making our ccmpﬁtatiéns, almost
all of our computatioms then, with wWhite's rate equation?

MR. ROLL: The answer is really dependent upon
where we determine crossover.

MR, ?5RD= Right, well, as;uminé«-

DR, ROLL: Ané it looke 1iﬁé the Cfo§SOVef point is
.appxoximately in the middie 6f the ﬁempeiétuxe range ccwéred
by'the peak rods which are of course the rods of interest.
Therefore, it might actually be a--

MR. FORD: As I look at the graph here and I'd
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ask'you to leook as wéll, at approximately 1200, that is when -
Baker & Just start ge{ting moxre ccnsexvative than white'’s,
is that eorrect?

CHA IRMAN JENSCH: 1200 what?
MR, FORD: Degrees Centigrade.
DR. ROLL: I would suggest less than 1200 but--
MR. PORD: mHow much less? Iz it very difficult to
tell? ‘I appreciate they become almost the same.
DR. ROLL: Perhaps 1175.
MR, FORD: 7T see. So that approxamately in terms ,

of the Fahrenheit degrees in whiech the 1nter“m crxteria was

"s@tsiﬁl@culd be going well up into the 2,000 degrees

 vharénheit, would be going up then, if we are using the more

cwnse%vé%ivé white's rate equation here, we’d be doing almost
all of our better water reaction rate concerned with the
interim criteria, we'd be doing it with white'’s.

DR. ROLL: That’s not immediately cbvious., Can we
look at the graph that we have. here?

MR, FORD: It will reguire a back-of~-the-envelope
caleulation. |

PR. ROLL: I think so. ,

1175 degrees centigra&e,ia about 2,000 degrees
pahrenheit.

MR, FORD: 1200 Gegrees Centigrade is what

rahrenheit?
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DR. ROLL: Well, I think 1175 degrees Centigrade
is approximately 2,000 degrees Fahremheit, is it not?

MR, FORD: The 1200 degrees Centigrade is 2192
degrees Fahrenheit.

DR. ROLL: It goes up. -

MR. FORD: So it's 2100 approximately.

DR. ROLL: I°d like to refer to a graph that has

been previously presented in a July 13th submittal Additional

qestimony of Applicant Concerning Bmergency Core cCooling

é&sﬁéﬁfﬁéffbrmanée and in particular to Figure 10.

HR FO@D. can you wait for a moment until I get that

!

DR. ROLL: It's a July 13th submittal Additional

Testineny of Applicant concerning Emergency Cere Cooling

gystem performance.

MR, FORD: 7The pagé nﬁmber?

DR. ROLL: Well, I am lbcking at pigure 10,

MR, FORD: 1I'm with you.

DR, ?OL‘L“ ckay.

Now in degr@es Fahrenhezt if the crossover poxnt is
2100 &egrees Fahrenheit it appears that that rod as portrayed
in Pigure 10 spends approximately 10@ seconds above 2100
degrees Fahrenheit and approximately less than a hundred
seconds under 2100 degrees Fahremheit. So looking at times

one would say it°s approximately a trade-off, or that more
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of the time is spent above 2100 rFahrenheit in terms of
axygén pickup. Inasmgch as we have a strong temperature
influence the oxygen pickup would be, a much greater pro-
portion would be on fhe Eakei-aust equation, that is above
2100, tﬁan en the White equatioﬁs below 2100.

i MR, PORD: Well, sineé 1 am not prepaxred to accept
ﬁhe computer code calculation I specifically asked my ques~-

tion not with reference to the compute code calculation, but

simply with xeference to the interim criteria themselves.

Ang. the questlon wag that and the temperature range dis-

' CESP@ﬂ by the lnterim criterla, most of that range is en-~

compassed im the area where we would be uszng, based on

conservative practice, Thite‘s rate equation rather than

© paker-Just.

DR, ROLL: I ¢an’t agree.
MR, FORD: You can’t agree?
DR, ROLL: I cannct agree,

MR, FORD: Now by fhe range I wmean most of the range

and the range is 2300, I mean is from normal operating tempera-

~ﬁu§é £o 2300 degrees, that is the range of referernce of the

interim criteria.

DR, ROLL: Right.

ﬁRF PORD: Relative to normal operations. And is
it not correct that it we were being more conservative than

we are with Baker-Just that we would be using White all the

L
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from 600 to 2100, because most of the range for the

computations, assuming of course yoﬁ don't go over 2300
degreeg--

DO, ROLL: It is correct that from 600 to 2100 .
degrees Fahrenheit encompasses more degrees Fahrenheit than
from 2100 to 2300v&egrees rahrenheit. RHowever-—-

'MRﬁ FGRD; And I wanted--

CHAIRMAN JENSCH: Iet him finish,

A .
DR. ROLL: Eowever, we went through this yesterday.

It’g the time and temperature combination which determines
gxealiy'what iz the relevant span or relevant rénge. aﬂd that
:ig‘why I cannot agree with your statement.

. MR. FORD: Well T think that the stét@ment is
just 2 simple-minded one just concerning the size of the
rangé and degrees rahrenheit,

DR, ROLL: I concur.
MR, PORD: I expected to solicit your concurrence
rather readily on that. Thank vou.

Can you offer us in terms of whatever experimental
@r“éﬁeeretiaal analysis that you have, can you offer us good
reason why your sue oFf Eékereaust exclusively should be
ﬁreferre& to the use of the combination of White‘s rate
equation for lower temperature ranges and paker-Just for the
higher‘ones?

LR, ROLL: I believe I can offer two reasons to
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support our appreach.
Number one, data which we have explicitly looked

at, that is I continued to refer teo this FLECHT data, and

»: other data can be shown to firm the essence of the paker-Just

eguation,
And secondly, in testimony Mr. Moore presented

yesterday the total neglecting of any reaction below 1800

. degrees Fahrenheit versus considering the reaction as pre-

dicted by the BRaker-Just eguation reauiteé in ,docslper cent
&ifééré'é‘;ée in the zire oxide, in the zire-water r'eactic;n,' )
Therefore, we characterized this as being trivial,

MR, PORD: Now veferring to our discussion of your
gtatistical subport for Bakeroaus{ yesteréay; if we took your
body of data and plotted it om thé axis of 2,3, plotted the
parabolic rate constant against temperature, if we took your
Gata and nlotted it_heré and we put Baker-Just's prediction
o and we put White's rate equation on, is it_ccrrect that~=.
mﬁ iet me ask‘y@u in terms of the amalysis, éhe loose kind
of statistical analysis you perform, is8 it correct that
White's rate equation has every much hope of heing.cpnfirmed
in vour sense of_éonfirmaéion’by your &éta that Baﬁérwdnét

has?
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DR. ROLL: 1It's surely conjecture on my part
but I believe that the data would, inasmuch as the data
fit very well to the Baker-Just equation, and since there
is a very small difference in the two equations, that I
@ould say yes, the data would tend to confirm the White
équationo'
| MR. FORD: Well, so that your first argument

in answer to the grounds for using Baker-Just over the
White then you now would delete those grounds?

DR. ROiL: No, I don‘t think so.

MR, FORD: Let’s go into it further.

~Now whgn you talk about your data fit very well,
és i-recall yesté%déyg this was some kind of look-see
statistical analysis. There was no precise statistical
measure of fit, is that correct?

DR. ROLL: I believe that was what>we stated
yesterday,

MR, FORD: I see. Now so that you can't
guarantee for me, guarantee in general, that you performed
a rigorous statistical analysis, which is by no means
something extraordinarily difficult, that if we performed
a rigorous analysis you cén't guarantée, can you, that
Baker-Just would come out as explaining more of the
variance than White's rate equation?

DR. ROLL: No, since we haven’t done that I can:
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offer no guarantees.

MR. FORD: Now your first grounds for preferring
Baker-Just over White is still the statistical, is that
correct, than confirmation by the data?

OR. ROLL: No, I didn‘t say anything about
statisties,

MR, FORD: No, no, no. i mean is it correct
that the argument that says that these data points
fit very well on our curve,is that & statistical argument?

- DR. ROLL: I believe what I said was that the
d@ta that we have, as well as other data, confifms the
Eakéé»Just géﬁatieno

MR, FORD: Can you define tﬁé term confirms?

DR, ROLL: 1In the context'in which I am using
it the data indicates that the Baker-Just equation is
the appropriate equation to use to predict the time- |
temperature effects and to de usedlto predict the zirc-water
reaction,

HR; FORD: Now by “éata indicates” does that
phrase, can we translate it to mean tﬁat e interpret it"

or, T is interpreted in general®™? I mean how does

data indicate in a non-statistical way? Just to state my

point more clearly, I camnnot see how there can be outside
of the use of statistical techniques, I can't see how

you can talk about data confirmimg an analytical model.
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DR, ROLL: If the data 311 falls on the

conservative side of an analytical model, speaking in an
abstract sense, and we are concerned about the particular
model or particular equation predicting an effect and we
show that it al@ays overpredicts this effect, then in
@y context of use I would say the data confirmed the
épplicability or the use of this equation or this model
to the particular effect in question.

MR. FORD: I see, WNow givenfyour‘définiéion

if you locked at Figure 2.3 in McLain's reﬁort; if you

" look at the three data points there isn't it correct rhat

up to owr turn-around point we have two data points, isn't

it a correct reading of that chart that the Bakernjust.
equation is beicw those data poini:ss it's on the non-
conservative side of those data points, Qhereas White's
rate equation is exactly on one and abqve the other?

DR. ROLL: VYes. Limiting the discussim
totally to the context of data presented in this graph,

MR. FORD: Right,

Now do you have any other data which you would
add to this graph? I mean does your data give the sources
for the data here as referemce 41, 1, 20, 28, 17 and 267
Is the data that you have -- I will give you time to
check those references. Do you have additional data not

contained in those references?
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DR. ROLL: Our data is reported in WCAP 7665,

I belie§e° It is not on this graph. Sé that yes, 1
do have additional data which could be éut on that graph.

MR, FORD: 1It's derived from -~

DR, ROLL: Could in principle be put in that
graph.

MR. FORD: It’s derived from the different --
pid you take the opportunity to check tho§e four references?

DR, ROLL: Wo, I did not.

MR, FORD: Could you check them and tell me
} whether any of the data that you use in your WCAP ddcument;
| is'any of that the same data that's heré? | .

o DR. ROLL: HNome of these references are our

reference where our data is reported and discussed.

MR, FORD: Can you give me the reference where
your data is reported and discﬁssed?

DR. ROLL: Again WCAP 7665.

CHAIRMAN JENSCH: Any particular page?

MRQ FORD: Can you give us the page?

DR. ROLL: I believe Appendix B,

MR, FORD: 1Is there a bibliography there? This

'is Appendix B called Materials Evaluation?

DR, ROLL: That’s correct,
Is there an outstanding question?

MR. FORD: Yes. Oh, you were giving us references.
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I guess you interpreted the appendix as your reference.

Now let me ask you for the six references here
on page B 25, which of them provide data on the parabolic
éate constant?

DR. ROLL: A quick perusal of the appendix
iudicﬂtes that reference two, which is the Baker-Just
i;eport9 is the only one that is called out as supplying
a rate equation,

MR, FORD: 1 see.

I have a number of guestions, .First of'all,

if;you'iook at reference two on page B 25 is it not

. correct that the date is incorrectly specified in the

reference? I am hqlding an original copy of tﬁe report
in my hand. The date is given in your reference és May, 1968;
Isn't it correct it's May, 19627

DR. ROLL: Perhaps.

MR. FORD: Can you tell me in terms of the
data == 1 have looked through Appendix B in its entirety here
and we are talking about the data to put on Figure 2,3,(
namely the parabolic rate constant. I see no analysis

at all. There is no data in Appendix B on the parabolic

‘rate constant, am I correct in that?

DR, ROLL: That is correct.
MR. FORD: No in terms of the data on the

parabolic rate constant available from Baker-Just, is it
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correct that they do not have data covering the temperature
‘ranges less than approximately 2300 degrees Fahrénheit?

DR. ROLL: I am not again -- I don't wish to
quote out of theBaker-Just report comparatively. If you
are reading it out of the Baker-Just report =-

MR. FORD: No. I haven't got to that yet.

I am'referring to Figure 2.3. It plots Baker-Just data.

Baker-Just data is represented by an unfilled-in triangle

on éﬁe ﬁlot, And as far as I can see there is exactly one,

- oné"data point from Bakex-Just,

DR. ROLL: What is the question now?
MR. FORD: My quescion was is it correct that
BakerwJust as plottéd on this chart Figure 2.3 of

McLain report that there is no Raker-Just data, I mean

this is your one reference, that there is no Baker-Just data

covering the low temperature range and that in point of
fact the only Baker-Just data that there is covers a
temperature range on the oxder, as I quickly convert

centigrade to Fahrenheit, by doubling it, on the ofder of

| 3700 degrees Fahrenheit.

DR, OLL: It is correct that McLain has --

MR. FORD: One point.

DR. ROLL: In Figure 2.3 one data point attributed
to Baker-Just, had this at approximately 1800 degrees

Centigrade,




03«Bme]

10

31
12
13
14
15
16

17

18

19

20
21
22
23
24

25

2559

MR. FORD: I see. Now Baker-Just is your
reférence in your WCAP report. Can you tell me does it
have =~ 1 can read through the whole report now, but does
it have more than one data point and not at 3700 degrees?
i have commissioned a quickie review of the Baker-Just
éeport to see if it indeed has more than one data point
in it¢,

DR, ROLL: The data which we have to offer are
plotted as measured versus predicted on ?igure B 20.

The pﬁrabolic rate coefficients are not =-- Again I ém
taikfﬁé’&é'ﬁﬁ report, my WCAP, page B 20, where we are
sﬁbwiﬁg»ﬁeasuredAversus predicted and comparing this to
the Bkaer-Just eduation, I'd say che data points fall
bélo& the equatidén. You are correct we are not reporting
parabolic rate constants in this data. And the temperature
range of this data is in fact very appropriate to our

loss of coolant situvation because these data are taken
from rods from our FLECHT test,

MR. FORD: Didn‘t you testify yesterday with
reference to Figure B 12 page B 20, didn’t you testify
yesterday that this data did not provide a confirmation
of Baker-Just? It did not cover sufficient range and
that you simply relied on the fact that Baker-Just was
the accepted equation determining a parabolic rate constant?

DR, ROLL: I don’t recall that I said that.




03-Bm=2

10

31

12

13

14

%

16

17

18

18

20

21

22

24

25

2600
And you feel it's important, then I think we ought to take

a look at the transcript,

MR, FORD: Right. We aie checking that at the
moment

But let me go somewhat further here. The
parabolic rate equation which you use is, as I believe
you stated earlier, it is as stated on page 34 of Mchinfs
report,

DR, ROLL: Yes,

MR. FORD: Now in terms of the data available

to confirm that equation have you conducted experiments

" in this area ?

DR, ROLL: I feel we have been here before.

 We have not set up and run experiments explicitly defined

to confirm the Baker-Just equation.
MR, FORD: Now do you want to change vour
testimony of yesterday referring to the transcripﬁ 18707
CHAIRMAN JENSCH: Will you tender that to the
witness and let him read a portion of it.
MR, FORD: He has his transcript. It's open
for him,
CHAIRMAN JENSCH: Very well.
MR, FORD: I will wait for you to read it.
CHAIRMAN JENSCH: When the witness has completed

his reading if you will so indicate you could propound




that question.

MR. FORD: Are you completed?

DR, ROLL: Yes.

MR, FORD: Your statement that "It was not
the purpose of our experiment to explicitly cover the
‘%ange of variables as may be specifically related to the
éakerujust equation,” would you care to further elaborate
on your thoughts on what range of variables would be
specifically related to the Baker-Just equations?

DR. ROLL: Perhaps it should belextended9
specifica11§ related to the equations as required for owr
loss of cooiant analysis,

MR, FORD: You want to change it to include what?

.DRO ROLL: I don't really want to change the
statement. 1 think the statement is good and it's
complete as stated. Now if you want me to change it or
suggest a rewrite,

CHAIRMAN JENSCH: When you talk about changing
it you could use a quiete: whisper; it will help the
Reporter. Proceed.

DR, ROLL: I see no reason to change the statement.

MR, F@RD: Didn't you suggest there was a
" phrase you wanted to add en to the end of that first 1ine?
DR. ROLL: Let me mske the statement I don‘t

think that the paragraph on 1870, bottom of 1870, up into
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1871, should be changed.

MR. FORD: I see. HNow you state that “We
presented this information in support of Baker-Just and
not to derive it.”

Now by this information what variables are you
referving to? |

DE. ROLL: I will refer again to WCAP 7665

-Appendix B,

MR, FORD: So that the variable you are
referring to on the Figure B 12 that you-are talking about

that you referred to in that appendix, the variable was

. predicted oxide thickness in mils, is that correct?

DR. ROLL: That's the reported result as shown
on Lthe figure. |
| MR, FORD: Is that the variable as_shown on
that chart, sir?

DR. ROLL: That's the dependent variable shown
on éhe chart, right.

MR, ?ORD: Yes. Now in the Baker~Just equation
does that variable occur, is predicted oxide thickness

a variable in the Baker-Just equation as stated on page 34

‘of the McLain report?

DR. ROLL: 1In the equation as reported on page 34
of the McLain report, W, the weight of zirconium reacted

per unit for this area is convertible to zirconium oxide

s




thickness.

Therefore =-

MR. FORD:

No, no.
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CHATRVAN JENSCH: I don't think you finished. Go
ahead. Have you £inished?

DR, ROLL: Yes.

MR. PORD: I see. If I had a ton of zirconium
oxide and I put it together in a cube, it would have 2 certain
thickness. If T put it together in a thin film over a mile,
it would have another thickness. So is there any immediate
eonétanf relation between the parabolic rate conéfant which
is.simpiy the weight of zixconium and the thicknéés ¢hat you
are giving us?

| DR,vﬁcﬁL: Oof course, there is.

MR. FORD: In terms of the parabolic rate constaﬁf
itself, are there any other factoxs which would influence
the thickness such that thickness is not a surrogate under
all circumstances for weight?

DR. ROLL: I think I a2m getting lost a bit in the
terminoclegy here. +The parabolic rate constant~~agéin, I am

assuming what Mci2in is reporting in the graph, this parabolic

.rate constant., That’s not rate. That's not thiekness,

what 's 33.3x10° exp (-45,500). That's the parabolic rate
(T ®’T

constant.,

MR. FORD: »And it is correct that the units for
that are milligrams of zirconium per square centimeter
squared per @econd. That's the unit for the parabolic rate

constant,
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DR, ROLL: Yes,
MR, FORD: oOutside thickness, is that the unit, the.
exact unit for oxide thickness so there are no circumstances
in which you have the parabolic rate constant operating and

not have the exact same thing nunber as your outside thickness?

[ ISE SN

DR. ROLL: I lost that question., Could we try it

again?

MR, FORD: How is oxi&é thickness measufed?

DR. ROLL: Physically how is it measured?

MR, FORDs It is measured in mils: isn't that
corract? |

DR, ROLL: Any unit of length. It could be ﬁeasuﬁed
in miles.

MR, FORD: in vour chart it is measured in mils.

DR. ROLL: Fine,

MR. FORD: That‘s 2 unit to a degree. The unit foxr
the,parabdiic rate constant, which is what is predicted by ihe
paker-Just equation, the unit for thet is not mils. It is

mi&iigrams of zircalloy per cubic meter squared, that whole

value $quareﬂ divided by time and seconds.

21 DR, ROLL: Correct.

. 2z MR, FORD: 8o thaet's not mils.
23 DR, ROLL: That's right.
24

MR, FORD: St that im terms of your chart B 12, that

it is only by a process of inference that you give us ovr
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derive support from this data on mils to what the parabolic
rate constant is?
CHAIRMAN JENSCH: Arxe you adding, "Is that correct?”
MR, FORD: Yes. |

DR, ROLL: No, it is not a process of inference

because the way it was stated connotes something less tham

honeét; It is a process of going through the explicit cal-

culation of time and temperature using the Baker-Just
equationzan& caleculating & thickness and compafing it to the

measuzeé;thigkness,

'; ... .. MR, FORD: I am talking inference meaning logical

.igferénce; such that if vou had & number of premises to the
pgediction of the parabolic rate constant, you will derive
évunit in mils. I am just not clear what that whole chain of
inferenc@ is. . Tt has to be cleared up before we can decide
fhaf {he chart and Figure B 12 offexrs any support at all to
the parabolie rate constant as predicted by Baker~Just.

DR. ROLL: Mr. Ford, in my mind it is obvious how
one takes the equation and takes a time and temperature
history to calculate a thicknéss, This is what is reported
in the graph, It is not by a process 6f inference witﬁ a
io& off possibly false assumptions, Itﬁis merely taking time
temperature history, going inte this eguation and calculating
exide thickness,

¥R, FORD: Is there any assumption you make that it
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is absolutely impossible for it to be false? |

DR, ROLL: Given a time and temperature history,
therve is no other assumption need he made.

MR, FORD: put in terme of all the assmaf:tiens you
ha;ve made, including the ones of time and temperature history,
is:f it possible for assumptions there and parameters there, |
rmeasurements there to be inaccura‘té such that the derivation of
parabolic rate comstant and relationship to thi;s predicted
exide thickness is invalidated?

- DR, ROLL: In my opinion, the answer iz no. Therxre
are ng extz:aheous assumptions which have been made which are
gerious to the guestion.

L MR, “FORDs cen you give me any reference Wherein
you vigorously relate--you &re cont@ndizig that this data
confzrms paker-Just or supporis it; rather. cCan you give me
ény i:vlace where you spacifically present this amalysis or ﬁo.
we have to go inte it here?

MR, ROLL: To my kncowledge, we. don't hawve a publie
&ocm‘aeﬁt where we have gtmé tﬁreugh this 'l explicit comparx is‘ono

CEATRMAN JENSCH: Is this a convenient time to
interrupt your examination and break for lunch.

MR, FORD: It is convenient. I don't know in
terms of Dr. Roll‘s—-

CHA TRMAN JENSCH: I think Dr. Roll is urgently

needed at his office but he is urgently needed here. S0
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possession is nine something. iet us recess at this time
for~-

MR, FORD: I don't have, in terms of my interroga-
tion of pr. Rell,.aside from the issue that we are currently
on, which isn‘t terribly easy to resolve, any further major
areas of cross-exanination.

CE&IRMAN;JEWSCH: Will vou proceed then, Dtervenor.

MR, FORD: I'd like to start somewhere close to
seratceh.

CHA IRMAN JﬁNSCHs If we are qoiﬁg that far back, |,
' ¥ wonder, would you find it extremely difficult to spond
'another half hour after lunch?

DR. ROLL: I'm sure it can be arranged for the
convenience of the Board, |

CHA IRMAN JENSCH: Sometimes these predictions with
time and temperature kind of get off.

At this time we will recess and reconvene in this
room a2t two ofcloeck.

{The luncheson recess is taken.})
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CHAIRMAN JENSCH: Please come to order.

Before we proceed, an announcement should be made,
It invelves the Staff participation. I just had a call
from Congressman Dow and he has talked with Dr. Sternglass
and Dr. Sternglass is able and willing to participate in
this‘proceeding and 1 suggested to Congressman Dow that
a request would ﬁ@ made to the Staff to get in touch with

Congressman Dow's office to arrange a precise time for

‘ Dg; Sterngl&ss and his presence.

MR. KARMAN: Have we definitely ascertained,
Mr, Chairman, that Dr. Sternglass will come here in any
othér capacity than as a limited appearee? This may cause
é@mé complications.

CHAIRMAN JENSCH: Yes. I can understand it can
cause some cam?lications,

MR, KARMAN: We have been this route many times,
as you know,

CHAIRMAN JENSCH: As I recall, the suggestion
for which the Board is very grateful from the Applicant’s

'Counsel, that Dr., Sternglass might appear as a limited

| participant,that he'd yet be willing, available for some

interrogation in case anybody wanted to have any

interrogation with Dr. Sternglass.
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MR. TROSTEN: Mr. Chairman, excuse me. I

believe the tramscript will show, Mr. Chairman, that the o
suggestion that I made relative to Dr., Sternglass appearing,‘
coming as a limited appearance, was in response to a
comment made by the Chairman concerning his appearing as

g witness., Applicant does not desire and indeed opposes
#ﬁe notion that Dr. Sternglass would appear at. this late
date in this proceeding in any capacity actually for the
simple reason that a great deal of time is now»being
involved in having a discussion of the matters which

Dr. Sternglass has raised at great length in other
'ﬁroceedihgs and public forums and so forth, and I would
like the record to be completely clear on that point.

MR. KARMAN: Our position would be, Mr, Chairman,
éhat we have certainly afforded mmny organizations and
many individuals who came in at a late date the opébrtunity,
as the Chairman most graciously puts it, to submit in
writing any limited appearance statement they had for
inclusion in the official recoxrd of this proceeding,

As a representative of the Regulatory Staff,

I certainly feel it would not be fair for us to say that
we should not afford Dr, Stérnglass that same opportunity
at this late date. 1 feel that we probably wouid be
constrained to oppose any other intervention in depth or

an appearance statement with respect to questions and
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answers at that point. This could lead to én endliess
procession of witnesses at a very late stage of the game
vhere we are under constant attempé ~= We are constantly
attempting to expedite this hearing., I think this would
do anything but expedite this hearing,

CHATRMAN JENSCH: I think the problems you raise
are certainly real ones. I know that Staff Counsel can
handle them when he considers the matter --

MR. RARMAN: You are suggesting that I

communicate with Congressman Dow when I return to Washington

- on Friday?

CEAIRMAN JENSCH: Yes. For instance, on
transcript page 1761, Applicant’s Counsel stated, "On
behalf of the Applicant, we are very pleased to see
Congressman Dow present and to hear his statement. May
I suggest the possibility that rather fhan having
Dr. Sternglass brought here to offer testimony in this
pﬁoéeeding,lperhaps he: could come and make a statement in
the nature of a limited éppearance similar to the statement
that Congressman is making."

I tﬁought.it said, and might be willing to

answer some questions. I don't find that pertion of it.

In any event, we are faced with the announcement that

Congressman Dow has commmicated with Dr. Sternglase.

Maybe Staff Counsel could persuade the situation to be
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handled by a written statement.

MR, KARMAN: I would be pleased to communicate
with Congressman Dow and report back to the Board probably
the beginning of next week,
| CHAIRMAN JENSCH: I think it should be borne in
‘@inds of course, that any appearance by Dr. Sternglass |
woﬁld have to be at his own expense travelwise and per
diemwise and motelwise and whatever other aspects therve
might be. In any event, the Board is inclined to tuxn
that over entirely to Staff Counsel. |

. ﬁRo KARMAN: Thank you very much.

MR. TROSTEN: Applicant will await fﬁrther
dévelopments from the Staff Counsel. I think the record
says what it says. I just call the Chairman’s attention
to transcript page 1757 where this matter was discussed
in addition to the reference that he mentioned.

CHAIRMAN JENSCH: 1 uﬁfortﬁnately recall that
portion of the transcript. .As I say; I'm sure we will
have a satisfactory solution”tb this problem after Staff
_ Counsel devotes his good attention to the matter.

Let us proceed. fhe witnesses have resumed
the stand, Is the interfogatcr<ready-ﬁo proceed?

MR. FORD: Yes, sir.

CHAIRMAN JENSCH: Proceed,

MR, FORD: 1°d like to direct my questions to
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the reference that the Applicant provided in Appendix B,

namely Louis Baker, Junior.-Louis €. Just Studies of

Metal-Water Reactions of High Tem

peratures Through

Experimental and Theoretical Study of the‘ZirconiHmeatga

Beaction, Oregon National Laboratory ANL-6548, published

in May of 1962, which is a correction of the reference

in the Westinghouse document.

Br. Roll, the title of the study refers to

high temperatures. Are you familiar with the temperature

' range with which Baker and Just are concerned?
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DR, ROLL: wNot in detail.

MR, FORD: Are you aware of the fact that the raﬁéé
of temperatures that they are concerned with is oriented
toward the analysis of molten zirconium? |

DR, ROLL: Not personally going back and refreshing
éy REmory oh what is in the report.

MR, FORD: I see. Are you aware that the basic
experiments that they are discussing involve hot molten
zimconium droplets dropped into water,

DR, ROLL: I'm aware that they did use that
technique

| MR, FORD: In terms of the temperatufe rangeIOVer

which you have applied the maker-Just relationship in the .

analysie of mndian proint whose metal-water reactions during ‘

the loss of coolant accident, have you covered a range that

includes molten zircalley cladding?
DR, ROLL: No, we have not.

MR. FORD: Can you tell me how you believe ome can

extrapelate the small amount of data that they present for a

high temperature range to the temperature range with which
you were concerned in the analysis of the loss of coolant
accident tramsient? |

DR, ROLL: How we do it is a calculational technique
inasmuch as there is no break point, no statement that the

equation is not appliceble. Then it‘s really up to us to make
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a ju&gment that we can use it in the range of interest,

MR, PORD: What I really should have stated more
clearly is how do you justify extrapolatigg'bare data con-
cerned with this high temperature range concerned with
droplets of molten zircalloy and water, how can you
extrapolate thié to temperature ranges which you have indi-
cated yoﬁ do not concern yourself at all with in your analysis
of the transient here, that vou areiconcernea with just much
lower tomperature ranges than they usé?

DR, ROLYG: I believe in the line of Questicning
jwhich we covered late this morning as well, I am sure we
:taiked about yesterday, too, our justification for the use
of thg‘equaticn in predicting the =zirc-water reaction or the
ex%eﬁﬁ of zixc-water reaction under the conditions of ipterest

ig pé?ﬁly in looking at data in the relevant temperature
séngég in interest. sSuch a piece of work as our own work
repdfteﬂ in the FLECHT‘finaI report and discussed late this
mornin§;

- MR, FbRD: Do you mean that this extrapslation is
justified because in the dozen or so cases reported on Pigure

B 12 that you measured oxide thickness, that these were not

- radically different from what you expect if you believed

Baker-Just'’'s correlation?
DR, ROLL: Yes. The data which we present are

partial confirmation of the use of the equation in the range
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i where we are applying it in the loss of coolant study for this

‘ z application.
3 MR, FORD: Is there further confirmation that ydu can

offexr?

&

DR. ROLL: I believe there are other references

W

wﬁieh essentially confirm these paker-Jjust predictions,

7 : MR, FORD: Yes. When we went to your references

8 the 6m1y reference was Baker-just. Do you have further

s it references?
0 " pm. ROLL: Well again I thiik you have a context
11 problem. The Appendix B was not an attempt to bring in all

gzif 'tﬁé'dété'to support Baker-Just., Appendix B was an aqtempt

13 tsjprésenﬁ our data which we had taken for & particuiar set
14 of tééts and compaxed +o paker-Just. It was not an attempt
i5 to compare it to @ther.equations, nor was it am attempt to
16 ﬁring in other data to support Baker-Just,

7 therefore, I don't think the fact that we don't have

18 any other references therefore negates the work we presented
19 in Appendix B.

20
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MR, FORD: I'm simply asking you if you can

set forth any other theoretical or analytical work
beyond the twelve points or so =~ I should count them, ==
that you are relying on?
DR. ROLL: 1 think that_the work which we

ﬁiscussed yesterday out of Ozk Ridge im which there was
é discussion, there was the application of some data
they had done, and in discussing with the authors that
data it is consistent as our data is consistent with the
Béknrwéust equation, I believe fﬁrther that the work
that‘é‘come out of Idaho on investigating this phenomenon
is consistent with the Baker-Justc equation,

J MR. FORD: What authors of what studies are
you referring to?

DR, ROLL: I am referring to the article in

- ANS Transactions which you brought out yesterday, I believe

onedof the authors was Hobbson, in which we discussed -~
We finally determined that that was an application of

gome data and not data itself, but that work that went

into that analysis is in essential agreement with Baker-Just

prediétidns.

MR. FORD: VWhen you say "we &iscussed" you mearn
you and Hobbson or you and wme?
| DR, ROLL: You and I yesterday.

MR, FORD: Yes. I see.
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Are vou suggesting that the relationship they
give here between oxygen penetration to measure the
combined thickness of zircglioy dioxide and oxygen-
stabilized g‘phaggd/tggeinltheir equation I, are you
indicating that that is derived from Baker~Just or that
is Baker-=Just or what?

DR, ROLL: No, I didn'e mean to infer that at all.

MR, FORD: Let me give you the Hobbson énalysis
again and'aék you to point oué to ué by specific faference
to this'analysis how it confirms Baker-Just,

MR, TROSTEN: Could we clarify for the record

- what document again you are looking at?

MR. FORD: It's the Awerican Nuclear Society

Iransactions for the 1271 Winter Meeting October 17 o 21,

%971. I think ic’s Volume XIV. The article in question
was referred to yesterday, by Hobbson of the Oak Ridge
ﬁ&tion&l Laboratory. It's on page 701 or 700, 700-701.

DK. ROLL: Page 700.

MR, FORD: Page 700.

DR, ROLL: What I said was that the work done.

and partially reported here is in agreement with predictions

that one wight obtain with the Baker-Just egquation, and

this work covers a range of variables of imterest.
MR, FORD: No. Specifically in terms of that

document and the analysis that it presents there is there
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any clear indication from that confirming your assertion
that these peoples’ work have confirmed Baker-Just?
DR, ROLL: Tt is not stated in this document
that this work is consistent with Baker-Just.
| MR, FORD: What work at Osk Ridge axe you
geferring to that purportedly confirms Baker-Just?

DR. ROLL: I am referriné to this effort, this

~ expecimental effort, which is reported partially in

this article.
| MR, FORD: I see. But it’s not reported at ail
explicitly. Now what projects, what experiments that
afe evolving data at Oak Ridge, confirm Bakermjust? Are
they doing, for example, more experiments droppiﬁg
molten zirconium spheres into water, that additional data
as confirming Baker-Just, or what?

DR. ROLL: Are you familiar with the work that’s
reported here? I said that this work essentially éonfirms
Bkaer-Just in the range of interest. They are dropping

spheres in water that infers you are above the melting

. point of zirconium and that is not the range of

application in this application here; as I stated before,
MR. FORD: 1I see., Excuse me, 1 was only giving
that as an example of some experiments here.
What specific experiments are they doing in the

area of interest?
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DR. ROLL: 'The experiments that are reported in the

 referenced article from ANS transactions essentially support

the Baker-Just predictions.,

MR, FORD: Ie&t me make perfegtly c¢lear the refereécéé-
article makes no mention whatsoever of the parabolic rafe con-
stant, and presemnts no data whatscever on thg parabolic rate
conééanﬁg se éan you explain to me how whaé i@ iﬁ'thag two-

page axticle, how thét presents'some data pertaining to'the :

. parabolic rate constant?

DR. ROLL: Once again, T did noéwsay the;ar@icle hag
?ﬁg.d&tn in it. I did not say that the article supports the :
e&hation, I éaid the work which they had done is partially
réported here and essentially supports the Bakeroausﬁ
pfe&ict'ionsw

MR. FORD: I was concerned with the partial. what
part of that supports'it? |

DR. ROLL: I said the work done and partialiy
reported here, I didn’t say this partially supports it.

MR, PORD: What work done are you referring té?

DR, ROLL: WGrﬁ pefformed bysmx'° Hobson and under
the direction of Mr. Ritéénh%use at c%é RrRidge, part of their
overall effoéto It has been‘ta investigate zirc oxide
transformation under times aé& temperatures. This data has
been taken. I don‘t know thét itms been reported publicly.

perhaps it has been reported in 02k Ridge Mational iaboratory
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progress reports. I am familiar with the data. I have talked
to Mr., Hobson and Rittenhouse several months, if not a year
ago. Our agreement was that the déta which they had in terms
oﬁ zire to zirc oxide transébrmation kineties was not vadically
&iffexenﬁ, It was essentially the same as those predicted by
Béker-suat and is es@en&ia11§ the same as that which had
been previously reported by Westinghouse in the Appendix B,
MR, FORD: mmve you reviewed the data they are
talking about? Do you have any independent judgment on the
matter that you could substitute for hearsay? '
MR, TROSTEN: Are you making an ﬁbjeéﬁiOn éhat this
iékheéfsay?; |
| MR. Féﬁba No. I was going to let hiﬁ transfoﬁm
it,Aif he could, from hearsay to something more substéntiale
| MR, TROSTEN: I'waé rather astoﬁishea to think that
vou might be making such a suggestion0 I'm sorzy. ,Exeﬁse me .,
CHAIRMAN JEWSCH: Go right ahead. p%oceédo
DR, ROLL: I have not personally goﬁe throngh their
calculations., people at Westinghouse have reviewed their data.
1 have personally taked with Bobson and Rittenhouse.
MR, FORD: ¢an you not tell me any of the para-~
neters they used at all in their ¢tests? vYou just know
nothing about them completely?
DR, ROLL: No.

R, FORD: I see,
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DR, ROLL:. Again, I am quoting from memory. The

temperatures were of interest., That is less than 2,000, to
excess of 2,000 degrees Fahrenheit times the order of a few
minutes. Tess than a8 minute to a few minutes, as I recall,
I wish not to guantify those parameters in that fine data
that I have missed some range.

MR, FORD: Does it make any difference, in looking
at the paker-Just analysis, whether you take the room
teﬁperature watery data or the heated water data in deriving

zire-vater reaction rates?

b DR, ROLL: I don’t know.

'ﬁRQ'FGRDs vhank you.

Does the specific--

DR, ROLL: 1Iet me amend that a bit, I don't know
in the context that it likely does. It is inconceivable that.
if you have a lot of data and you are using parts of the date,
you are going to derive exactly the same equation as if you
use scme other part of the data or if you use the data in the
whoiea' ¢ is likely that if you select data to affect a
correlation, that yoﬁ are going to get a different correlation

MR, FCRDa poes any specific understanding that
&ou have of the chemistry of this reaction indicate that it
makes a difference, and indicate the kind of difference using
the room temperature versus heated water data?

DR, ROLL: I think the answer to that guestion
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really requires a person who is a theoretical chemist to say--

in locking at a liquid solid or a liquid liguid reaction.

gere are the relevant parameters. I don't really claim to be

a theoretical chemist.

MR, FGRD: Is the specific alloy of zircadloy in
tj;he maker~just tests and in the tests which youw have related
tp ue through your converséi:ion téi%:h Ecébson, the 3&1&@ as the
alloy of zircalloy in the indian.point 2 fuel rods?

DR. ROLL: We can pursue that, I think. The alloy
in mdiaix;x mm‘t 2 is incenel 4. |

MR, F@’RB raxdon me.

bﬁio ROLL: zZircalloy 4. - It appears with a brief
perusal of the maker-Just report that he used, for the most
part, zirconium metal. |

MR, FORD: 2Zirconium?

DR, ROLL: Yes.
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MR. FORD: And zircalloy 3?

DR, ROLLQ Yes., Much of the data appears to
be zirconium. I don‘t recall what Hobbson and Rittenhouse
used,

MR, FORD: 1In terms of zircalloy 4 versus
;irconium, can you eﬁplain’to us the composition of the
?ircalloy &4 alloy percentage of different metals and

iton, tin and nickel traces and so forth?

DR, ROLL: 1 think you héve characterized it

yoﬁrselif° iﬁ is irom, tin and‘ﬁickel traées on’ the order )
of a fey ﬁeftent, There are specific'numbers which 1

ddﬁ”t recall offhand., But they are small amounts, They

are on the order of one to two percent total.

MR, FORD: 1Is there any e#pefimental data
pertaining to the Baker-Just equation that establishes
the -manner in which you may extrpolate his data on pure
zirconium to your zircalloy 4 alloy? I refer to experimental
data.

DR. ROLL: To my kﬁﬁwiedge,.which immediately |
reféré ~s To my knowledge, there is not a specific |
reference which investigated the differencé in reaction
rate kinetics between zircalloy 4 and ziranivm matai,

MR. FORD: The Baker-Just equation considers,
as I understand it, the influsnce of particle diameter to

“tHe reaction since it was concerned in the main with
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dropping spheres of molten metal into water. Can you
tell me how you can extrapolate from an equation based

on the influence of particle diameter? It is quite clear

from the Baker-Just equation on site Figure 9 page 19,

zirconium-water reaction is a function of particle
diameter; that there is é very clear and significant
rélaﬁiOnship betvween partiéie'Size»and‘reaction rate? Can
you tell me how rate equationé -~ That is influenced
hy(the size of the pafticié° Can you telljme by
consideration pertaining to the size &f’pafticle diameter,

how that canm be extrapolated to a cdmpiete1§ different

”-phﬁsicalfsituation? You are talking“ about a non-molten -

tube rather than a molten sphere. |

DR, ROLL: A point of correétioﬁ, Figﬁre 9 is
not as you portrayed it. It is a figure of percent
régction'vexsus mean particle di&meter,‘and not a curve
of reaction rate versus mean diameter.

MR. FORD: That's correct. But I think my
point is that in the Baker-Just equatiﬁn they are trying
to make an equation that fits data influenced, whose

percent veaction is influenced by the particle dismeter.

I want to know how you can extrapbiate an equatioh that

is trying to do justice to particle diameter considerations
to the use of this equation in situations where you are

not talking about particles at all. You are talking about

4
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thé rod crysﬁal.structure and metal.

DR, ROLL: Baker-Just equation is a specific
reaction rate. That is, it is per unit area and it
containg explicitly time and temperature to.yield a rate
per unit area. In deriving the constants, the effects
éf the surface to volume ratio and the time and temperature
éohsiderations for the data itself for various size spheres
had to be considered to derive a specific equétion,s'The -
equation itself does not contain paztxcle dlameter., 
Therefore, one agaxn is not running great risk in applying |,
it to a dxfferemt geometry if in fact the equation is
desersitized through the use of,reaction rate per unit area.

- MR, GRD- But don't Baker and Just give some :
theoretlcal reasan why the geometry does make a dlfference,

since they are talking about the slow diffusion metal

ions or oxide ioms through crystal lattice of the metals?

Is this independent of geometry concern?

DR, ROLL: I think we are once again asking very.
specific questions about the kinetics of the derivation of
the mechanism,

| MR. FORD: That’s correct.

DR, ROLL: What is important iss we have an

- equation which has beer derived from a set of data., The

equation is meant to predict the extent of conversion

of zirconium to zirc oxide giver a time and temperature
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history. We have reviewed this equation. It has been

reviewed by others, and we have proposed, in our somewhat
voluminous documentation before us, both specific to

this application as well as in our R & D Frogram Reports,
i.e,, the FLECHY program final repértu We propose that
this is an adequate tool to use to predict this mechanism,
I think‘that is the confirmation one should look to.

MR. FORD: Will the Reporter repeat my question

¥
please,

(The last question referred to above was read

MR, FORD: Will you try o answer that question.

DR. ROLL: Will the Reporter read wy answer?

MR, FORD: I have asked you to consider the
theoretical reason that Baker and Just give. Could you
indicate whether you agree or &isagree with that theoretical
reason, and iflso3 please identify the experimental
and_analytical support of your position?

DR, ROLL: I repeat. Will you read my answer,
please. | : |

CHAIRMAN JENSCH: I don't think that's necessary.

DR, ROLL: I am not qualified to go into a
detailed discussion of.the reaction rate kinetics, sir.

CHAIRMAN JENSCH: Maybe that's the answer.

DR. ROLL: That was my answer.
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CHAIRMAN JENSCH: There was something about
that long in the transcript in response to this question. |
I didn’t have the impression that it answered the Question
as succinctly as you did this last minute. vWill ydu proceed.
) MR. FORD: So independent of your ability to
éc into the reaction kinetics here, are you cognizant
of any experiments that have been done to settle the
influence of the fact that ﬁhese_tests were deriveé for
Spécific geosetries, the influence of that on the
applicability of this rate équatiﬁn to different
géométries and different temperatures?

DR. ROLL: I am unaware of tests performed
expiicitly to investigaée the effect of geometry on the
reaction between zirconium and water,

MR, FORD: Can you tell me whether you kn§w of
any theoretical data which indicates how changing thicknmess
of the cladding would affect the diffusions of either

wetal ions or oxide ions to the crystal lattice?
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MR, ROLL: I cannot quote a referencé that answers.
that particular guestion.

MR, FORD: Thank you.

Now in derivingthe equation it is assumed Baker &
just assume, as I understand it, that there is always com-
pﬁete vapor f£ilm surrounding the droplet. 1Is that condition

the case in loss of ccolant tramsients, that the cladding is

DR. ROLL: Can we coafirm your .statement by
reference to a page number?

MR, FORD: vYes. On page 24, the last sentence of

thé?pé%agraﬁh écniinmed over from the previous page séys,
ané I'éuote, nTE is reasonable therefore to agsume that ther;
is.al@ays a complete vapor f£film surrounding the metal droplet."®

CEATRMAN JENSCH: Do you have the questicn‘in mind?

DR. ROLL: ¥es.

CHA IRMAN JENSCH: Proceed,

DR, ROLL: In the calculations there are times when
there is less than solid wate; or saturated vapor in contact
with the metal, buﬁ that fact ddeé not really enter into our
calculations. S0 T don’t know what we have assumed it in our
application for this application. So the reasonableness of
that assump%ionouz don’t know how to apply it.

mm Baker-Just’s application he applies it to his

derivation of the mathenatice of the reaction rate, and it
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appears that it'’s perhaps for his conditions a reasonable

- assumption. We don’t have to make that assumption in our

application.

MR, FORD: You don’t ha%e to make that assumption?

DR, ROLL: No, we don‘t.

MR, FORD: For.what purpoze do you have to make the
assumption to apply ﬁakestﬁst? TJhat is my ccncerh;

DR, ROLL: Not clear.

MR, FdRDe Then that's the answer.

Fur%ﬁef, ﬁaker—aﬁst'is<édﬁceined on tﬁe remainder of -
Fage 24 and Péée 25 with hydrogen ﬁ?lm thickness in the
éeaction rate. ¥ will give you ﬁﬁge to read that over.

DR, ROLL: I have scanned it briefly.

MR. FORD: Vou have scanned it b?iefly, Now let me
address myself to it in parts. Iot me quoﬁe.fhe-part§ I am .
concerned with. | |

Beginning at the previous quoﬁation it says:

“Yt is important to determine whether the process of
faseous diffusion can be considered as a steady state prééess
with a constant vapor film thicknesz or whether it must be

reated as a transient process with the continually enlarging
£ilm, ¥

Now in the context of their discussion in the cal-

culation of gasecus diffusion rates, can you tell me whether

the manner in which they handle this process which they consider
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to be important and the assumptions that they make about it in
the analysis following, whether their assumptions are actually
the case with regard to this phenomena in the loss of coolant
accident metal-water reacting‘situation?

DR. ROLL: I can’t with this brief perusal consider
what their assumptions have been and what the alternates
might have been and have they made a gooafchoicé; .

T%ereéoregthe answer to ﬁour direct quééiion; i
cannot comment on their assumptions., I fail tb<sée how it‘svv
relevant to the applxcaticn of the loss of coolant accxdento )

MR, FGRD: T|en’e it the point of their analygzs
%hat 1t is because of the thickness of the hydrcgen f:lm
1nvolveé here that the rapid initial reaction sﬁb91&es, S0
that isn’t it cruéial in determining our reaction rate to get
clear on these mechanisms, f£ilms that they are talking about:?

DR, ROLL: No. It°’s mot actual-<if you are'taking
data and attempting to ccrrelate a reaction rate constant to
time and temperature what is important is that you have good
data. If you are trying to derive a theoretical baﬁis for
why it reacte this way, then it's important to have an under-
standing of the details of hydrogen diffusion or related
éffects or the 1ikea‘ |

MR, FORD: INfow in order to use their dafa derived
from the hot molten droplets do you have to get clear at all

on how the kind of hydrogen field around that droplet, whether
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contended, it slcws'dcwn the reactivity it's already started

at a very “rapid initial reaction”, 1It‘'s very important there;
Now what I am wondering is whether or not there will be a suf-
f:f.cient nydrogen £ilm in the loss of coolant accident situaéiom
to stop a rapid initial reaction between zircalloy and water

from continuing as a very rapid reaction, and 1'd like you
ness of the hydrogen f£ilm that would be surrounding the -

DR, ROLL: We have no data on the thickness of the
hydrogen film that surrounds the cladding during the con-
ditions of interest,

MR, FORD: Do you have any data that disputes their
contention that the thickness of this film is importanély
responsible for slowing down Ehe zircalloy-watey reaction
rate?

DR. ROLL: Gee, on the contrary. We might state
that the date which we have inasmuch as it tends to confirm
their resuiting eguation in essence confirms some of the
agsumptions théy have come up with.

MR, FORD: T See. NOW, Can you argue in terme
of the fact of this general confirmation which you have said
existed--they make a variety of assumptions, have a variety

of data. can you say that this general confirmation confirms
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a specific assumption or you can say that it doesn’t

challenge the assumptions in general?

DR, ROLL: I believe that the general confirmation
which we have shéwn confirms the general applicability of the
equation;

MR, FORD: I see. so that in particuiar you can't
meve, or can you, from ithis relaéionmhip of general coﬁfiimay
tion to any specific eonfirmatio@ of this very assumption of
the hydrogen £ilm? |

| DR. ROLL: No. we cannot., ’ ,
‘.. ¢+ HR, FORD: thank you.

NSW, can you tell us how you can extxapolaee this
réécticn rate in which hydrogen £ilm is,very important to a
reaction rate under L@Cﬁ conditions ahoué which:you have no
data pertaining to the hydrogen £ilm? |

PR. ROLL: I believe I have answered that questiqnﬂ

MR, PORD: HIHave you énéwered it in tﬁe sense of
justifying this extrapolation?

DR, ROLL: I think the guestion you asked earlier

&as how do I extrapolate the equation. 1T believe I gave an

answer to that questiéna

MR. FORD: Thank you,

CHA IRMAN JENSCH: Maybe I missed that but would you
try it again, please. How do you extrapolate for the situation?

DR. ROLL: 7he basis for the validity of our
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extrapolation is contained in the confirmation which we had

presented in this weap report as well as other confirmations,
that is the overall thickness by the equation is consistent
with the thicknesses chserved in our experiment as well as
others.
: MR, FORD: Would you turn to rage 27 of the Baker-
Sﬁst study.
MR, TROSTEN: wWhat is the precise decument, for the
recbrd; please? .
MR, FGRDS vhis is the doeuﬁené théé we introduced

into the record some time ago. It’'s the sStudies of metal-

Water Reactions at High Temperatures, Experimental and

Theoretical Studies of the Zirconium Water Reaction, by Louis
Bakexr, Jr., and ILouis C. Just, Argcznne' Naticnal raboratory
&ceuﬁént nurmber ANL 6548, Ay 1962,

MR. TORSTEN: bces this have an exhibit number,
Mr. Roisman?

MR, ROISMAN: It's not in yet. It°s om the list
of documents we have asked to have official notice taken of.

MR, TROSTEN: I see. Thank youw.

MR, FORD: In addition, it is the sole reference
vertaining to the Baker-Just equation given in Appendix B of
TtheWCAP 7665 document.

Now on Page 26 they sum ° up their discussion of

assumptions pertaining teo the reaction rate and they state:
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emhe diffusion controlled reaction rate is then
obtaired by combining egquations 5 and 6 as follcws ,*

And they then pmesént their equation 7.

Now it refers on page 27 after they have defined
all the symbols, and so foxrth, that the principal unknown
factor in eguation 7 is %he'musselt nuwber, NUJ, and then they
go on to describe how they dealt with this principal unknown.

¢an you, of course giving you time to analyge there,
£ill in this gap, ¢an you study it and give us your comment
jgst to whether you agree or disagree with the analysis they

’

?héve given here, and state the basis for your éisagreement?
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DR. ROLL: As I stated before on the basis of
a2 cursory review of the document I don't propose to
review thelr assumptions, consider @h&t the alternate
assumptions may have been, and render a judgment.

MR, FORD: Do I have to translate their equation
into specific questions for you? Then will you answer?
I mean you simply -~ Vou are not prepared to read these
ten lines?

DR. ROLL: I am not prepared to'comment on the

validity of his analysis., I believe that was yvour

1 gquestion,

MR, FORD: I see. So that as far as his handling
of the princial unknown factor in his analysis you have
no comment?

DR. ROLL: 1In the conmtext of this part of his
report it is the principal unknown factor. I am not ‘
prepared to comment on his treatwent in this section of
tﬁeAreport,

CHAIRMAN JENSCH: May I inquire a moment, did

I understand you to say that this Baker-Just equation

set forth in this ANL document which has been identifiecd

as the sole reference, and does that mean that that's
upon which the Appiicant has relied in its analysis?

MR, FORD: That is my impression, sir.
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CHAIRMAN JENSCH: 1Is that correct?
DR. ROLL: No.
MR. TROSTEN: I don't believe that is a correct -
statement,
| DR. ROLL: 1It‘s not.
é MR, TROSTEN: Thatvthis is the sole reliance,
CHAIRMAN JENSCH: Well at least it is one of
the factors, one of the bases of reliance.
MR. WIESEMANN: Mr. Jengsch, if I may,

We have relied upon the correlation presented

in th&t document which has subsequently been verified

by our experimental data as well as others~and I believe
that the problem we have here is there is some question
being raised as to some of the theoretical problems that
Eaker and Just had im arriviﬁg at this correlation, and
I think that rather than taking the approach of deriving
Baker and Just correlation, as is common in engineering
practice, we ran experiments and predicted the resulits
using the correlations, compared those with the observad
results and decided on that basis that the correlation
was giving an adequate pré@ictiqﬂ fér the range over ..
vhich we had to use that correlation.

CHAIRMAN JENSCH% Yes, I.understand that.

Now I think the problem I have is if you used

it at all who is here to tell us how to use it? Because
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if this isn't the witness that you have who used it then
who can tell us how you used it?

‘ MR. WIESEMANN: Well, I think we have explained
how we have used it between Mr. Moore's testimony and
also Dr, Roll's testimony. But apparently the Intervenors
are not satisfied with the fact that we chose to run
experiments to verify the validity of the resulis of
Baker and Just as opposed to doiqg an independent derivation
of a correlation and then comparing thé correlation to
Baker and Just correlation.

| ' CHAIRMAN JENSCH: I chink the problem is you

?

' usg& it in part and disregarded it in part and I wondered ==

MR. ﬁIESEMANN: No, I don‘t believe so. I

think that in recognition of the fact that the Baker and
Just correlation had to be accepted as being appropriate
fq% this particular analysis we performed the experiments
and made the comparisons and other people have also dome
this and we have satisfied curselves that the correlation =--
In other words, Baker-Just did a lot of work explaining

how they arrived at the correlation, but the basic result

of iheir work is the correlation, which they presented

'and recommended tc be used for the purposes of predicting

zirconium-water reactions, and recognizing the problems
associated with that, and I think in a very general way

recognizing those factors that the authors presented as
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being those difficulties that they had to overcome in

arriving at a correlation we ran these experiments and
the results confirmed the correlation produced results
which were consistent with the measured results and
;herefore justifie& the use of this for this particular
application.

| CHAIRMAN JENSCH: Thank you. Excuse me for
interrupting. You may proceed.

MR, FORD: Yes, sir. May 1 have the brief
opportunity simp1§ to.establish the relevance of this
questioning in view of the statements of Mr., Wiesemann.

4‘ Iﬁ The point of this lire of questioning is that

in mwy study of the Baker-Just work it seems to me to be
quite clear, very explicitly stated in their-aﬁalysis,
thaﬁ‘théy are concerned with very high temperatureé
associated with the meltdown of a majority of the nuclear
fuel following the failure of emergency core cooling system
in loss of cooclant accident. And my concern is that the
variety of assu@ptions that they made are all tied to that
situation. They are tied to molten droplets, they are
tied to, for example, what happens when molten core falls
into water remaining at the bottom of the vessel. That

is the kind of metal-water reaction that they are talking
about. What I am trying to explore with a variety of

questions conceming the assumptions they used, the nature
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of their experiments and so forth, is whether theirlvefy
conditional rate equ&tion based on the conditions of high

temperature and different geometries and so forth, whether

~that correlation can be applied to the radically different

- .-

situation of the very early phase of a loss of coolant
temperature transient.

CHATRMAN JENSCH: Proceed.

MR. FORD: Now Dr. Roll, we are running now
to thé ﬁfiﬁéip&igpnknown féctor in their diffusion control
reaction réte,*gThey'state that it is the Nusselt number. -
Can ydﬁf§g§1a1n3to;us'what this Nusselt number is and
the'éignifiéan;é'in estimating it correctly?

DR. ROLL: Nuéselt number is the dimensionalist
ratié bé éﬁérﬁai cbﬁ?ection coefficient times particle
diameter divided by thermal conductivity.

‘MR, FORD: Can you repeét that slowly, please?

DR, ROLL: It's H.D /R, |

MR,‘FORD: Could yéu do it in words, please.

DR, ROLL: H is the convection heat transfer

coefficient., D is the diameter and K is the thermal

conductivity,

MR, FORD: I see. So that in terms of your
precise description now is it correct that we can see the
role of particle diameter that is involved in this

principal unknown factor? I mean is it comect from your
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definition of the Nusselt number that it is specifically
tied to a particular particle diameter?

DR. ROLL: - Negative, no.

MR, FORD: It isn't?

DR, ROLL: No. It's a dimensionless quantity
and used as correlating variable, D is diameter of a
particle or a surface. It can be used in flat plate
cases, for example, where there iévno diameter as such;

MR. FORD: In terms of the remaining part of my

question, the significance of estimating this number

i correctly, can you tell me what error is introduced by,

let's say, a 100 percent error in estlmating thls number?

DR. ROLL: What error is introduced in what?

MR. FORD: 1In the extent of the combuter level
water reaction,

DR. ROLL: No error. The equation that was
derived and presented and is used in our analysis is an
empirical equation and the Nusselt number doesn £ enter
into it.

MR, FORD: I am sdying, if that equation was’
based on a different Nusselt number way back - 1n Baker and
Just s derivation, how would that influence the final
extent of metal-water reaction?

DR. ROLL: The empirically derived equaticn

does not have a Nusselt number in it. Therefore, there
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cannot be any function, '

MR, FORD: Is it correct to state that your
results are function of Baker and Just's final equation,
their final equation, is a function of the assumptions
that they made in deriving it, which includes a value
Pf the Nusselt number?

N DR, ROLL: That's incorrect.

MR, FORD: It is?

DR, ROLL: That's iﬁcgrréct.

MR, FORD: They don’t, in terms of their
derivation, their equation -« :This ié'not logicaliy:
limited to some assumption of the Nuéselt number?

DR, ROLL: If Baker and Just did what they said
thg} did, even in the abstract, the equation we are using
is ah-éﬁpificélly derived equation. They go through a
theoreéicai study to shed some mprellight on the basic
chemical ¥inetics. But the empirically derived equation
which we have used in our analysis in support of this
application is an empirically derived equation and does
not require knowledge of thg.Nusselt number.

MR, FORD: Let's turn to ;age 44, please; of
Baker and Just's paper. I refer you to Taﬁle VI. "The
effect of Nusselt number on the reaction rate for a
large particle --"

While you are studying it I will describe what
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the table presents. The table presents differeni values
of a Nusselt number, It associates with each different
value of a Nusselt number the final extent of the
zircdnium»wéter reaction. For a Nusselt ﬁumber of two,
which is the number that they cheose; you get a metal-water
reaction, fiﬁgl extent percent, of 6,85 percent. Whereas
if you increaée the Nusselt number, you decreasé the extent
of the reactiéng So that by the time you get two
Nusselt numbéers of 12 and 16, at 16 you have reduced the

extent of the reaction ffom‘6;85 percent to only 4.65

_ percent.

If Dr. Roil has had sufficient time to study,
I will ask hiﬁlgéme questions on this,

ﬁR;.ROLL: Again, I have briefly perused what
is here. |

MR. FORD: is it clear from this data fhat

a Nusselt number does make a clear difference in the

extent of the zirc-water reaction?

| DR. ROLL: WNo, it is not, because it is not clear
that this isfdéﬁa. ~That is, this could be the result of
a calculation based on a theoretical model.
MR, FOkD: There are, of course, two things
that could make a difference, experimentally testing
different Nusselt numbers and seeing what differences

they make, and on the other hand, analytically plugging in
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different Nusselt numbers and seeing what difféfehce they
make, I am not clear myself, just jumping into thiég
context here, whether this is the result of calculations
of a'model or as a result of an experiment. My position
is, it doesn't make any difference either as an analytical
;r empirical result. |

Is it clear from thié table that the choice
of this Nusselt number makes a clear differencé to the
extent of zircalloy-water reaction?

DR, ROLL: It is clear from this table that
difééreﬁt Nusseit numbers give different values for final
extent of reaction.

MR. FORD: Thank you,

DR, ROLL: Whatever the context of this table is.

MR; FORD: Do you have any experiﬁental or
analytical data of your own that would refute that
relationship that you have jﬁst confirmed as indicated
by this table?

DR. ROLL: No, we don't¢.

MRO FORD: They state on page 28, they are
concerned with the simplification involved in applying
parabolic rate law as expressed in their equation 8, 9 and 10,
that it doesn’t apply precisely to all spheres. Do you
dispute this?

DR. ROLL: Again, I have not had time to go




Wl-Wm-4

2645

through the equation and determine what is its applicability.

MR, FORD:

DR, ROLL:

rejecting it.

Please. I don't mean to solicit ==

I have no basis for accepting or
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MR, PORD: I see, Why don’t I let vou take a look
at equations 8, 9and 10 and see if they apply specifically for
spheres. . |

MR, ROLL: Again, I'm not in a position to go
through the derivation to the eqﬁations and review the basic
texts on diffusion, mass transfer and heat transfer, and
judge whether or not these equations apply for the spheres
or not. The authors state that they do not'apply precisely
for spheres. At least at the time the author was doing the
Wbrk?;h? presumably knaw the theoretical application of the
egurations. |

‘MR; FORD: I think I may have asked a éimilar
question before, I would like to clarify the matter fully
at-éﬁis point,}.

simply in iérms of wWestinghouse'’'s research going
through this repdit as I have, you haven’t done this your-
self? |

DR. ROLL: Mo.

Mk@ FORD: Dzd fou indicate before that Westxnghouse
had no documento no topical report or anything indicating that
they have gaone through and have down this analysis free from
basic criticisms; is that corrxect?

DR, ROLL: I don‘t know from flrsthand knowledge
that one went through this, presuming in as great a detail

as you have, and determined their validity or otherwise
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presumably as you have., The fact is, the equation énd:thé
basis was received for its applicability,»and nothing has _
been published in our own work or others which causes us to
think we have made a wrong choice in selecting the Baker-
Just equation. |

MR, FORD: But no one that you know of, since May
of 1952 when this document was published, has gone through
and asked the guestions that you have been asked and able to
answer in éhé degree ox another? |

| DR, ROLL: I don't know from firsthand knowledge ,
ythat thét Qéé.dbne explicitly. o
| ‘MR. FORD: But the main point is, yoﬁ»éoﬁ't knaw
whetﬁér,it‘was;'is that correct?

DR. ROLL: I don’t. I say, I don’t know that it
was.,

MR. FORD: In terms of simply Westinghouse's
research that they do and the attempts that they make to keep
up with the state of the art, is it an exception in this
case that you come to us as an expert witness on metal-water
reactions, but the basic document that you present in your
analytical ieportfthat you refuse, for reasons of not being
éble to in thewriety of instances that we have gone over;
to answer basic data, basic questions about the underlying
support for your analysis?

Is this a description of the practice of the
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vendbr‘with regard to keeping up to date and keepingiiﬁfbrmed
on basic engineering data pertaining to reactor safety
systems and reactor accident phenomena?

MR, TROSETN: I object to the question, Mr. chairman.
I willke happy to state my objection to the question.

f CEAIRMAN JENSCH: Please do.

MR, TROSTEN: The issue that is involved in this
proceeding this afternoon and generally is not exactly
whether Dr. Roll knowns the answers to every possible question
théé M?; rord could raise, The issue is whether the applicant
haé the information available and has put the information into
tﬁg ré@@rd or Qili-put the information into the record. Tt is
iﬁ nowise préper for Mr. Ford to ask the guestion of this
witness, wh;t?aré"westinghouse°s general praectices with regard
to checking data, for the simple reason that such a gquestion is
in nqwise related to the general scope of Dr. Roll's testimony.

| For that reason, T objeet to the guestion., T
believe the Board should rule that the witness is not required
to answer that guestion.

MR. FORD: Mr. Chairman, in response, I would like
to state and iﬁéieéte~thé€ I éhink to é very large extent.in
areas as comple# as the ones we're dealing with, that
dbviously'only'a number of issués can be raised and investi-
gated in detail, and that we have to relyto a considerable

extent simply on the plain raw expertise and care with which
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the reactor vendors have conducted their analysislof a safety
system performance,

I think the gquestion that I have asked oui expart
witness on metal-water reaction pertaining to the applicant’'s
major document on waterdﬁater reaction, and the questions ¥
have asked into the kind of regard the applicant'has taken
for in-depth analysis of this, I think the question is per-
fectly proper if not a very importént guestion to be pursued
in this kind of proceeding.

| Mg; TROSTEN: MRy I comment? 7

CHAIRMAN JENSCH: No. I think the guestion, as I
-unaerstood iﬁ; iﬁvolves a whole range of Weséihghouse |
operation. I don't think this witness'has shown himself:to
be familiar with the whole operation. I think to some\exfent
it involves a policy matter of the company for which this
gentleman doesn’t speak. I imégine, however, that you will
make contgntions somewhere along the iine in your question.

I think;thaﬁ gets into a matter of argument rather than a
quéstibn of this witness.

MRG,FORﬁs ‘can I transform the question two ways
to meet the guides that I would accept?

CHAYRMAN JENSCH: Iet us just dispose of one matter
at a time. The objection is sustained. <vou may proceed.

MR, FORD: May I ask vou, simply related to your

responsibility within westinghouse and in your own area
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concerned with metal-water reactions, is the practice of
relying uncritically on documents such as paker-Just, is that

a standard practice or is this an exception?

DR,‘ROLL= The premise is we have relied on the

Baker-Jgust equation., Is that really your purpose?
i G 4o . . vow

; | MR, FORD: Yes.

DR. ROLL: I must protest the premises, In nothing
I have said--you may have drawn from inference that I said
that we have relied eritically on the Baker-Just equation. . ¢ .
Therefaie, for you to ask is the use of Baker-Just typical of ,
Westinghoﬁse practice in the area that 1 am femiliar--if I may
adaﬂé little bit, it is, have vou stoppeé your wife type
question,

I don‘’t admit that we have relied critically én the
Baker-Just situation. BAnd I don ‘¢ tﬁink I should answer either
wéy to yQut question, |

N Mﬁ. FORD: Tet me put it in other terms. 1Is the
mRnner ip which you have analyzed personally paker-gJust, is
tﬁat typical of W@stinghouse practice? .

MR, TROSTEN: I d$ject to that guestion as well,

éHAIRMAN JENSCH: 1I think that’s the same question
previous to this last one. Gvjection sustained.

MR, FORD: Typical to the practice coneerned in your

cwn area, concerning metal-water reaction?

MR, TROSTEN: I would like to have that guestion
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rephrased, Mr., chairman. 7T don‘t think it is clear,

CHATRMAN JENSCH: Could you restate the question
entirely?

MR, FORD: Yes, sir.

- Is the kind of analysis that you have performed
on Baker-gust the standard kind of analysis that is performed 1
by Westinghouse Research Staff in the area of metalawatér
reactions?

MR, TROSTEN: i“m sorry, Mr. Chairman. gThat

gquestion is aiso objectionable, I really believe that peru,

;haps Mx . Ford should consult with Mr. Roisman for further

guidapce in this area.
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MR, ROISMAN: Mr, Chairman, I'm not clear,
This man does work for Westinghouse, I understand. He
does work %n the metal-water reaction area. He.is
presumably sne of their top men or else théy wouldn’t
have brought him here. Mr. Ford‘s question is straight-
forward. He wants to know whether or not the extent to
which the Baker~Just formula was an independently
investigated‘one as to its validity as is discussed
in the transcript today and this discussion, and is typical
ofvthg_extgnt to which other formulae related to water-
méta1 reécfions9 the area in which this witness is a
éﬁedi&iisﬁc_ Did they do more oﬁ less? I think that's

pretty straightforward and this mwan is qualified to

answer it.

MR, TROSTEN: Mr, Chairman, I don’t think it

"istsﬁraightforward in the slightest, A question like that

could only «- I would think Mr. Roisman would appreciate ==
be answered correctly if Mr. Roisman ox Mr, Ford were
to ask the question witﬁvregard to any other particular
analysis. How.could the witness answer such a question
of such a genéral nature? |

CHAIRMAN JENSCH: Let's not get into a discussion
between you folks., 1 think when you use that phrase,
is this typical or standard Westinghouse practice, then

he gets into a scope of review that I don’t «think has
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been shown by the foundation of this question. I take

it what you are trying to find out is, is this kind of

analysis the kind that Dr., Roll does in his own work.
I think that is a different question.

The objection is sustaingd.

MR, FORD: Is this the Kind of analysis typical
in your own work? |

DR, ROLL: I think the answer is no. Let me

try to characterize here. That is, in areas where we
- are working now on fuel performance model development and
. 1ts application, we review the literature and we review

| our own data quite critically. We come up with a materials

performance model which characterizes the data. The
selection of the Baker-Just equaﬁion WaS'made, as best

as we can determine, perhaps five yearé ago, that that

was the equation to use at that time.  At fhat‘time people |
vwho were in the metallurgj department or on the staff

of the metallurgy department reviewed what was available.
This is a.pﬁblished documént and was selected for the
zirc-water calculations.

Subject to the selection of this equation for

its use, it has been critically reviewed as new data

becomes available, as evidenced by our own review of this
equation with our own data in WCAP 7665,

MR, FORD: 1In terms of the review which you
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refer to in WCAP 7665, are you citing specifically
Section E.4.17?

DR, ROLL: I am really citing Appendix B.

MR. FORD: Appendix B is on a number of
phenomena. I am trying to find out exactly where in
Appendix B, ‘My suspicion is what analysis there is is in
Eoé.l? I just want to get the reference straight.

DR. ROLL: Again, only Appendix B provides a
discussion of our observatlons, a dlscussion of the data
we tcok as’ part of the FLECHT program.

MR FORD° For the record, I am trying to

clarify which part of Appendix B is conflrmatory of

Eaker-JuStn There are a large number of metalogréphic
discussions here and there are somé commnents on Baker-Just
in a certain discussion. I think it is E.4.1. I just
want to make surve that in terms of our consideration of
what the evidence is, that we know what the evidence is.

- DR. ROLL: I believe the total discussion must

be taken in that contrast rather than an abstract, and

. say this provides the confirmation.

MR, FORD: For ex;mple, could you tell me how
Figure B 11, an inverse poil figure for as fabricated
heater rods, is that related in an direc; or indirect way
to your confirmation of Baker-Just?

BR. ROLL: It is merely a statement of fact
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relative to the texture of the zirconium product.

CHAIRMAN JENSCH: Can you give us an answer to
the question? Is iﬁ related to Baker-Just?

MR. FORD: The confirmation of Baker-iustu

DR. ROLL: It is not part of a confirmation
of Baker-Just.

| MR. FORD: Are you trying to narrow down? I

see you flipping through it. Are you continuing to try
to answer my queétion?

DR, ROLL: Yes, if you want to press onm.

Segtion'Biﬁlw1th the appropriate tables and graphg ==

Section B 3 discusses the oxide thickness measurements,

1 believe. Seétiom B 2 discusses the ﬁreparation which
went into the oxide thickness measurements which were
then used in Section B4 to discuss the correlation.

MR, FORD: I see. 1In terms of the graphs that
you refer to, there are two of them, of B 12 and B 13,
Cur discussions on the record yesterday concerning
graph B 12 and how this may or may not be related to
confirmation of Bakere-Just I refér to. Graph B 13 or
Figure B 13, in that can you explain to us how this
'directly or indirectly supports, confirms Baker-Just?

DR. ROLL: I believe the discussion in the
text, Section B 4, points out a conservatism inherent

in the way we use the Baker-Just equation. %hat is, we
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assume that the total oxygen uptake goes into the |
formation of zirc oxide, and hence using the Baker-Just
as all of the oxygen going into zivc oxide, one gets an
overprediction of the extent of zirc oxide, which gives
us an overprediction of the heat evolution. The Figure
é 13 is then an important trail of the relationship
between the oxide thickness and the oxygen stabilized
alpha observed from éhe metalography for the particular
examples. | |

MR, FORD: My Guestiom is, indeﬁendént of what /

these graphs ®ay. or may not have to do with the conservatism

nith which you use Baker-Just, can you tell me how they ‘

‘ confirm the validity and the applicability of Baker-Just

for ﬁour use, sbecifically with reference to Figure B 13?7
You have already discussed B 12,

DR. ROLL: B 13 is presented in support of the
discussion in the text in this particular section of the
report.

MR. FORD: Yes. In-support of your discussion
of the conservatism with which you use Baker-Just.

Now how does it relate to a confirmati§5 of
the validity of Baker-Just itself?

DR, ROLL: As part of the discussion comparing
or contrasting ow data points with Baker-Just this,

the second figure that is, B 13, is presented to show the
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data on zirc oxide thickness and oxygen=stabilized alphsa,

MR, FORD: Now can vou tell me if Baker-Just
were true what would they predict as the relatiopship
between the maximum alpha la;érwéhickness and the maximum
oxide thickness?

DR, ROLL: It would not'predict that.

MR, FORD: I see, So the fact that this

prediction or this result is not related to any prediction

or Baker-Just, is that correct?
DR. ROLL: I believe that’s. correct.

MR, FORD: So that if this were true it would

" not confirm Baker-Just and is it aiso correct that if

it were false it would not refute Baker-Just?
DR. ROLL: If this were true what did you say?
MR. FORD: If the relationship you brought
here were a true relationshi? between maximum alpha layer
thickness and maxiumum oxide thicknéss, that if that were
a true relationship, so what, it's true! It doesn't
have any -«
DR. ROLL: 1It’s just data,

MR. FORD: But the relationship here, that there

'is no logical nexus between Baker-Just equation and the

nature of this relationship here, is there.
DR, ROLL: The Baker-Just equation doss not

predict relationship between these two parameters.
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MR, FORD§ Thank you,

In your studies of metal-water reactions have
you‘evolved any data concerning the temperature drop
across the oxide film?

| DR, ROLL: We have not,

‘ é MR. FORD: W@uld ycu turn to Baker-Just page 31,
p'};eaSe° Iit's Sectnon D calculation sf temperature drop
across the oxxde fiim, It says, I quote, "Some authors
have emphaszzed the importance of the heat _insulating
effect of the oxide film on metal gas reacLlonSG" i

Can you tell me whether in your analysxs of

.'_matalwwater reactjons of zxrcalloyowater reactions whether
you consldernthe heat insulatlng effecc of the oxide fxlm
of metalegas on Lh&t 21xcalloy~steam reactxon?

| DR, ROLL°' That s related to the detailed
calcuiatiows of the loss of coclant acc:.dent° i'd like
to refer to Mr. Moore for that answer. |

MR,  MOORE: ?es, I ;ndicated iﬁ previous .

: testimomy e did incjude he'éffécts of éhe reaction.

" MR, FGRD  _My,specific question was
whethwr'you eons lderad and . analyzed the heatwinsulatxng
effecm of the emidb flim on the reactlcnu I am not just
.Loncerned ‘with wnember yau considexed somwe rela?zonship
between the oxmde fvlm in the reactlonw: My questicn is

' whether you cons*der this: kpatninsulating effect of the
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oxide film on the zirc-water, zirc-steam reaction.

DR, ROLL: Yes, we do.
MR, FORD: VWhat exzperimental data have you
evolved, I mean upon which you base the specific manner

in which you treat this effect?

DR. ROLL: I don‘t have any reference right
here at the moment, but there are éonductivity maasurements
that have been made on zirc-oxide and its this conductivity
that's assumed in the analysis of the effects on the
surfaée temperatiure of zire,

o .MR; FORD: I see, Wow is this coﬁductivity
measure influential in determining the temperature drop
écross the oxide film.

MR. MOORE: Yes, directly.
MR, FORD: Yes, I realize that, The point ié'
Dr, Roll indicated a few seconds age that you have no
data on the temperature drop across the oxide film. Do
you wish to change that?

MR, MOORE: Do I wish to change that?

MR. FORD: Yes. Do you have any data on that?

MR. MOORE: No. I would say we have data on

the conductivity of zirec oxide. I don't recall whether

we made any specific measurements in the course of a
zirc-water reaction situation, but it's the zirc oxide

conductivity that’s of interest, and we have data onm
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that, yes,

‘MR, FORD: What kind of erzor is iqtfoduced into
your analysis if you have misanalyzed the heat-insulating
effect here of the £film? Do you haﬁe any data pertaining
to the magnitude of this error? |

MR. MOORE: At the conditions that obtain during
theAzirCewater reaction period of time as I indicated~
in previocus testimony the power level of ;he rods is
down considerablyo So the total temperatﬁre drop ACYO8§&
aamil oﬁ-zirc oxide would be in the order of thrée degrees,
thfee to four degrees, So a 100 percent error in this
éﬁnﬂﬁétiviéy'couﬁd put the.temperature.éifference off
by another three degrees, for e#ampleg' It's a small .
matter,

MR, FORD: I see. Now my question was whether
you had any.exﬁerimental data pertainiag to the mmgnitude
of the error introduced by misanalyzing heatainsulaéing,
effect of the oxide film, co

- MR, MOORE: That's a straightforward conduction
calculation. It’s a straight conductivity across the
zirc oxide. There is wo experimental error -- I guess
I would go back to fundamentai heat transfer experiments
for centuries.

MR. FORD: Yes. But under the specific

conditions of the metal-water reactions vou have no germane
. _ '




X1-Bm-=5

10
11
72
33
‘d’lS
%5
- 18
| §7
18
19
20
21
22
23
24

25

25'61
data, experimental data. :

MR, MOORE: Do you understabd the situation
I am talking about?

- MR, FORD: Yes, I understand it.

MR, MOORE: I am not sure about the question,

MR. FORD: What I am aéﬁing is not whether there
is some reason to believe baéed.on an argument and your
general knawiedge of heat conductance and so forth, I
am not asking whether there is some reason to suspect

that it would be any problem. I am asking the explicit

g q‘iingesﬁzr‘a’.m'i:g have you performed an experiment that correctly

simulated the conditions of metal-water reactions in a
ioss of coolant accident at which specifically analyzed
the ﬁégnitude of the error involved in your estimates
éﬁoﬁt reaction rate introduced by misanalysis of the heat=
insulating effect of the oxide film.
MR, MﬂbRE: No, because none were required.
CHAIRMAN JENSCHB: Maybe this is the time to have
a Sreak,z At this time let us recess to reconvene in
¢his room at 3:50,

MR. TROSTEN: Mr. Chairman, may I ask just one

question about Dr. Roll again, I hate to keep raising

it again, but do you think Mr. Ford that you will be
finished with Dr. Roll today?

MR, FORD: I think we're probably pretty near
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CHAIRMAN JENSCH: Let recess and reconvene
in this room at 3:50.

(A brief recess is taken,)

CHAIRMAN JENSCH: Please come to order, Are
you ready to proceed, Intervenors'’ interrogator?

MR, FORD: Ves, Siru

CHAIRMAN JENSCH: ' Will you proceed, please,

MR, FORD: Have the control fod materials been

tested‘un&er 1os§¥of coolant accident thermal transient
conditions?

BR, ROLL. Yes. ;fﬁe control rod materials that
sees the loss of coélant accident is stainless steel,
and we have not ccnducted Spec1flc tests related to
performance of stalnless steel under these sets of
conﬁltlonsa i belleve that the perfqrmance of stainless
steel at temperatures in enﬁironmental conditions~of
interest should be Welitdocumented in the literature,

MR. FORD: Now referring to the Oak Ridge report
that we hﬁve gone through, the McLain report, page 85,
I am referring to page 85, Section 2,5.6; I will Yead
it as you study it. It says, 'The neutron absorbing
material in the BWR contrsl rods is borom carbide and

that in the PWR control rods it's silver-cadmium, indium

I
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alloys. Both of these materials are normally encased
in stainless steel tubes. During unlikely nuclear
reactor agcident it is possible that the stainless steel
could react and expose the neutron-absorbing materialq
Boron carbide can react with air at temperatures above
450 degrees fentigrade to form Egdz oxidation produéto"
This is peripheral., I should know., I will
stop reading.
This is pertaining only- to the PWR. Let me go

on @q_the section controlling PWRs, It says, "For the

, control rods containing the silverscadinium-indium alloys

" no significant metal-water reaction in contrel rods

stainlesé steel sheathing would take placé ﬁﬁtil,the
teﬁéeratures were gfeater than about 1200 degrees
Centigrade. Little has been found regarding metal-water
reaction of silvefwcadmium~indium alloys at these
temperatures but it appears that the ailoy simply flows
out of the control rods since it has a melting.poimf in
the range of 775 to 826 degrees Centigrade.®

MR, TROSTEN: What page of the exhibit?

MR, FORD: As I indicated earlier this is

‘Exhibit ¥ and I am referring to page ?85.g 86, Section 2.5.6,

Reactions with Control Bod Materials.
My question is what analysie and experimental
data has Westinghouse evolved in the possibiiity and

significance of these metal-water reactions?
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DR, RCLL: The analysis would be a consideratio:

similar to reported here. Wé do not have experimental
data for the silver-cadmium-water reaction rate kinetics.
Bowever, inasmuch as they are encased in stainless steel --
In fact the FLECHT tests which were run with stainless
steel rods are germane to that consideration. Therefore,
for the conditions of the LOCA the stainless steel-water
is quite compatible,

MR, FORD: I see. How you are talking about the
?LECHT tests that céntain'stainless.steel rods?

DR, ROLL: That's correct.

MR. FORD: What was in them?

DR, ROLL: Academic. I am just saying in terms
of the stainless steel-water compatibility those FLECHT
test results which were run with stainless steel rods

atcribute that to the conclusion that there is not a

"control rod problem.

MR; FORD: Yes. I am concerned not with
reactions beginning onthe outside but reactions beginning
on the inside. Have you ever subjected the control rods,
stainléss steel éontaining'the silver~cadmium-indium
alloys9 have you ever sﬁbjécted these to the temperatures
that would be expected on their loss of coolant accident
to see whether in that situatian one of the many possible

reactions that we observed between containing materials,
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such as possible reactions between U30g and cladding and
so forth, to make sure that there would be no reaction
between the alloy contained in the cantrel'rod and the
steel of the control rod that would contribute éo both
melting of the steel and the further release of this
material out into the core environment for potential
further reaction?.

DR. ROLL: Cne moment, please. The temperaturee
of the coatrol rods during the_loss of coolant accident

will be below these temperatures stated here, That is

I believe melting points. Or the stainless steel-water

reactions, the temperatures of the control rod should be
quité low, say less than 1000 degrees.

MR, FORD: Let me get clear on what the source
for that assertion is. In the FLECHT test is when you are
simulating bundlés, an individual bundle, and was there a2
control rod placed in proximity to the bundle undergoing
the thermal transient to determine how the heating of
the bundle affects the heating of the control rod?

DR, ROLL: There were éontrOI thimble
simulations in the FLECHT test.

MR. FORD: Just in terms of the basic geometry
of test bundles as we understand it, as I understand the
test bundles from your documents. You have a teneby-ten

or seven-by-seven array of fuel rods outside of which
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théte is a channel housing for the purpose of the teét,
It doesn’t, of course, exist in the reactor. How is a
control rod simulated here? |

DR, ROLL: As I said, the control rod thimbles
control it.

MR. ?ORD: What is a contvol rod thimble?

DR. ROLL: Shoul& we go back to Section 3 and
go through a picture of a fuel assembly?

MR, FORD: Could you draw me a piéture of a

" ertss-section of a test bundle?

DR, ROLL: If need be, let us refer to the
FSAR, There is a picture in there. |

MR, TROSTEN: I believe it is sitting on the
table in front of you there, ng Roll. Do you have a copy
of it, Mx., Ford?

MR, FORD: Mo,

MR. TROSTEN: Perhaps we can make one availatle
to you,

MR, PORD° deependent of the picturization of
the FSAR, is it deplcted in the FLECHT test documents?

DR. ROLL: Can I proceed?

CHAIRMAN JENSCH: There may be a couple of
questions pending. The last question is, is this
picturized in the FLECHT test reports?

DR, ROLL: Let me refer to the Applicant's
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Volume II of the safety analysis. Figure 3.2,3-8.givé5:
a cross-section of a fuel assembly. The basic conéept
of a fuel assembly is that we have a fifteen-by-fifteen
array of rods; and twenty of these rods are~rep1aced by
stainless steel‘thimbies or control rod guide tubes,
The control rods then, when they aré»inserted in the core,
are inside of these thimbles, buﬁvthe thimbles are really
between the control rod which in turn is another stainless
steel rod, and the fuel rods ﬁhemselvéso

Referring again to the FLECHT report, which

. is VICAP 7665, Figure 2-6 and 2-7, they show the layout

' of the fuel rods and the simulated guide thimbles that

indicates the marner in which the guide thimbles ==

The first figure refers to this,and;describes where the
guide thimbles are in the fuel assewbly itself, and the
second figures are the way in which the guide thimbles
were simulated during the seven-by-seven and ten-by-ten
FLECHT tests.

MR. FORD: As I undexstand the Figure 2.6,

the thimble is indicated by the cross mark in a set of tubes.

DR, ROLL: _That's correct.

MR, FORD: This is very interesting. In terms

of the manner im which -« Just the geometry of the control

rod thimbles in the reactor itself, are they in similar

locations as in this test bundle, or are they between
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bundles?
DR. ROLL: I refer you back to the figure in

the SAR, if you wish to just look at this. You can

compare that to the figure in the FLECHT report.

MR. TROSTEN: What document have vou Just shown

ko Mr. Ford? |

DR, ROLL: Figure 3. ==

CHATRMAN JENSCH: 3.3,2-8.

DR, ROLL: That's correct, from the SAR.,

MR, FORD: As I understand the figure, this is
a cross-section of how many bundles?

DR, ROLL: That's four bundles.

MR, FORD: lC&n you show me how the'thimblés
are fepresentéd here?

- DR, ROLL: Twenty circies in the midst of the

fifteen-by-fifteen array. | |

MR. FORD: In terms of your simulation as
shown in Figure 2.6, what analysis have you performed?
These are unheated, of course.

DR, ROLL: The thimbles are unheated, yes.

MR;‘FORD: What analysis have you per formed
on both the similarity between the radiant heat transfer
in-core to the thimbles and the similar conditions for
radiant heat transfer in the simulated bundle? Are they

perfectly identical? You are dealing with much smaller

7
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DR, ROLL: Negative. The rod size, the thimble
size and the pitch were identic#l in the.FLECHT test
and in the -

| MR. FORD: That’s the same, yes. But the number

of rods in the test, in proximity to bundles and the
whole configuration -«

DR, ROLL; The best you can do is put eight
around é rodq

MR, FORD: It is not clear to me, in Figure 2.6,

' that this s dome at all, that there is any rod surrounding

it. Do you mean ¢ight in all directions from the rod?
DR. ROLL: Refer to ﬁigﬁre 2.6, the figure in
the lower right»hand corner. It is surrounded by eight rods.
The figure in Position C-G ig surrounded by eight
heated rods. The thimble at Position F-3 is surrounded
by eight heated rods.,
MR, FORD: It is eight on the perimeter?
DR, ROLL: Yes.

MR, FORD: 1In terms of the heat transfer heater,

to what extent does the housing heater, the thimble,

to what extent have you analyzed it as acting as a heat
sink in the FLECHT test bundle? What would be the
temperature of the rods arcund it were it a read rod

rather than just an empty unheated thimble?
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DR. ROLL: Please rephrase the question,

MR, FORD: What analysis have you performed of
the radiant heat transfer from the rods surrounding the
thimble to the thimble such that you can then calculate
what would be the differenmce in temperature for a specific
iocation in the bundle? If instead of putting a simulated
goﬁtrol rod thimble in that location; you had had another
rod which wasn‘t acting as a heat sink surrounding rddé?

MR, MOORE: No analysis, That's not a real
ccﬁfiguration; You are saying what if I had a rod where
T had a rod thimble, and what would happen then?

MR° FOﬁE: I am saying, this simulated thimble
acts as a hé#t siﬁk with respect to raising energy from
the rods around it; is that correct?

MR, MOORE: That tends to, It is a small effect,

but it is an effect, yes.
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MR, FPORD: What I am asking you is whether you have

determined this efiect?

MR, MOORE: From what standpoint?

MR, FORD: I mean experimentally. ,x4ém asking the
manner in which you might determine it would be to run a
test with the simulated thimbles in certain conditions and
simulated conditions, and run anctﬁer test in which you didn’t
have these thimbles but just had more simulated fuel rods.
you would be able té compare the temperature of the rods in
one test surrounded an empty théﬁhle with the temperatures
,that they achieved when they didn't have that heat sink
aﬁaiiéﬁleu

In other words, you would be able'to'determine
whether v not you are correct in saying that radiant heat
transfer is not significant?

MR, MOORE: Uwhy is not the measurement of the
tempervature of the thimble in the exact test a measure of
whether we have significant radiation or not? For it is
partially a measure of that. Heve you understood--

MR, FORD: It is & direct measurement. It is a
direct measurement of that?

MR, MOORE: 7¥es.

MR, FPORD: What I am further concerned with is
how this relates to temperature of the reds that are

releasing that radiant energy.
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MR. MOCRE: They are alsc measured,

MR, FORD: Is the caution of their release that ig
in radiant form versus convective cooling, is that determineéé

MR, MOORE: It is not brokem out in the spegific
tést here in radiant versus convective heat transfer.
i MR, FORD: In any of the FLECHT data that you have,
is that separated?

MR, MOORE: NO.

MR, FPORD: Not at allz

MR, MOORE: No. S

MR, FORD: nr. ROll, I refer you to transcript,
page 1719. The guestion T have concerns the use--this is
to Dr. koll, ghe question I have concerns the assertion by
Mr . Moore that experiments summarize@ and referenced by
Baker-Just support his contention that theke are no metal-
water reactions 2t or below, I presuﬁe, 180O degrees
Fehrenheit during the loss of coolant a@cidént transient,

I'd like to ask you to coamplete our discussion of
Baker-Just. I would 1like you to indicate which experiments
summar ized and referenced in Baker-Just, which experiments
confirm that below 1800 Pegrees Fahrenhéit metal-@ater
reactions den't cccnﬁo

MR. MOORE: Mr. Cchairman, could I read my answex
again that ur. ?ord is referring to?

The question was: “Vou said that you predict for
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this plant no metal-water reaction at 1800 degrees Fahrenheit.®

My answer was: ¥ves, I predict no metal-water
reaction at 1800 degrees Fahrenheit;“

That's because, as I explain in the earlier testimony,
we cut off the meﬁélnwéter reaction below 1800 Qegrees.

MR, FORD: ¥ am concerned with ybur statement in my
question addressed to Dr. Rell. It says, in mr. Roisman”é
questions, for the basis of yaur.statement about a metal-
water reaction to 1800 degrees 'Fahranheita You say, “these
are based on experiﬁents that have been performed by,@thers,ﬁ
That is not wWestinghouse. YI'm not aware of any speéific
Westinghouse experiments in this area. put these are the
exper iments which were added to and summarized in the reference
by Baker and Just that I believe you have from Oregon.® 1hat 
should be Argonng, A-Y-F-0-=Neh-a,

wghat's the basis for the parabolic rate assumption.,?®

I have reviewed the experiments which vere summarized
and referred te by paker and Just. 1°d like to have Dr. Roll
give me his impressi@n as our metal-water witness, as to whieh
of the experiments summarized and are referred to in paker- .
Just support Mr. Moore“# assertiocn about metal-water reaction.

- CFAIRMAN JENSCH: Since they are conferring Messrs.
Mooxe an&\R@lla vou might ask Mr. Moore.
DR. R@@ﬁe ¥Mr. Cchairman, ¥ think it is important

that we understand the context of this whole page. We don’t
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have a problem answering the gquestion. But we want to éut
the whole page of discussion in context., You are asking a
specific question on a specific response. It is not clear
as to the total context of the response is the way you are
re?erring to it.

} MR, FORD: Do vou want to make a comment on it?

MR, TROSTEN: For purposes of helping me understand
it, are you asking Mr. Moore éo verify his testimony ér éré
you asking Dr. Roll €0 supply inférmation and Mr. Moore said
he wasn’t in a position to supply it?

MR. FORD: BMr. Moore didn’'t indicate anything aboﬁt
hié position to supply this, as you loock at éﬁe traﬁécxipﬁg
He just didn’t say, Ze reforved to experiﬁeﬁts.referred to
where paker~gust didn't say what they were. We are-asking
pr. Roll because we want to pursue the basis of these tests
referred to in your early confirmation of Mr. Moore's

asgexrtion,
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MR. ROLL: The report by Baker-Just does hot say
there is no zirc-water reaction below 1800 degrees F.
MR, FORD: No, but--
MR, ROLL: 7The methodolegy used by westinghouse
arbitrarily cuts off a consideration of zirc-water reactqiﬁ ‘
helcw 1800 degrees F. as a calculational convenience, The

justification for doing this was entered into the transcript

. yesterday morning by Mr. Moore where he stated that if he

didn‘t do that, if he carried the time temperature calcuia~
tions throughout the entire power history, that part of whicp
is,Béicw 1800 degrees F. it results in a.0005 per cent dif-
ference in the answer.

MR, PORD: ¥Yes. But now my point is simply that
Mr. Moore referred to experiments referenced by paker and
Just. When called upon to give experimental data pertaining.
to his assumptions that there are no metal-water reactions
below 1800 degrees fahrenheit, I want to find out what
experimental data you are talking about here and then I want
to pursue what relevance it has,

Let me ask Mr. Moore. Would you simply refer to
poges 64, 65 and 66 of Baker-Just and just tell me which of
these forty-two reférences do you regard as containing
evidence on the question of whether or not there are metal-
water reactidns during the loss of coolant accident at

less at 1800 degrees Fahrenheit., I am simply asking you




z1ipt2

10

11

i2

13
14
"
76
i7
18
19
20
21
22
23
24

25

2676

for the number of references, not for elaboration,

MR, MOORE: Fine. My answer was predicated upon
statements that were made in the Baker-Just paper to which we
referred to many times today, where he indicated that the
literature of metal-water reaction studies was recieved in two>
previous reports. previous results pertinent to zirc-water
reaction will be summarized here and he goes on to indicate
other references that he has used in oder to embody a large
amount of information for these authors in order to come up
with a cor:elation° That'’s all [ was referring to.

MR;\FGRns Yes. Nﬁw éan you indicate in response
éo my duestion, referring to his list of references, you afe
referring to his summary of things that he then refers to,
can you refer to his list of ﬁegerences, and telling me which
of those studies present the evidehce that you are talking
about?

MR. MOORE: No, I am soryry, I cannot.

MR, FORD: I see.

Is this .005 that you predicted Based on paker-Just?

MR. MOORE: Yes. ,0005.

MR. FORD: Yes.

Now as long as you are unable to make references
let's just go through the experiments that Baker & Just
summarized and let me address myself to Dr. Roll now. He

referg—-
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AMR, TROSTEN: ‘There appeérs to be an error in the
transcript, by the way, Mr. Chairman, on Page 1831l. fThis may
e contributing to some uncertainty.

' MR, ROISMAN: Did you say 18312

| MR, TROSTEN: 1831 in rine 22. M2y I direct Mr.
M&ore's attention to Line 22 of page 1831, and isn‘'t that
figure .0005 rather than ,0052

MR, MCORE: That's correct.

That's three zeroes, five,

MR, TROSTEN: Right. That point, I believe, should
be;notéﬁ fér‘the record.

MR, FORD: Can you give usthe primary source for fhat
data so that we can just get it all together?

MR, MOORE: primary source of what?

MR, Fdém: Oof the 00 plus another or not another 05
reference,

MR. MOORE: Yes., I indicated in the previous
testimony yesterday that that was the calculation of the cgre;
wide metal-water reaction for the double~ended cold leg break,
assuming‘the saker-Just correlation held over all temperaturés
rather than juét from 1800 degrees and up.

MR, FORD: I am looking for the reference to the
report of those calculations.

MR, MOORE: There is no report of those calculations)|

‘they are the calculations that Westimghouse has performed.
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They are not reported.
MR, FORD: It's only through that that we find them?
MR. MOORE: That's correct.
MR, FORD: I see,
Now this is to pr. Roll.
.In terms of the expefiments summar ized by mrker and
Just, these begin on page 9 and they go on to page 12, T am
not going to go through all of them., I just want to get some
of the flavor of these experiments.
| . Ee refers on page 10 to experiments performed by

gilich and King, which is reference 6 in his notatioﬁ, which

is W. Milich and B. €. King, Molteﬂ Metal water Reacéions,
M. P. 5813._Téchnica1 ﬁeport No. 44, Wovember, 1955.

Now at that xéport}ﬁé sa&s, spmilich and Riﬁg ﬁelte&
zirconium rod and-dxoppad ten fo twenty gram batches into
water under various conditions of temperature and pressure,
reference 6. They used induction heéting within a high-
pressure autoclave, They found that high pressures and inert
gases suppressed the reaction, whereas high steam pressure
gave very extensive reaction.®

Now in terms of support for what metal-water
reaction rate we get at less than 1800 degrees, is it your
judgment, Dr. Roll, that this experiment as summarized here
is any evidence in that mattex»

DR. ROLL: Reading this paragraph, inasmuch ag they
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were dropping melted rod into water.it‘s cbvious they are
above 1800 degrees Fahrenheit.

MR. FORD: So that the answer is no?

MR. ROLL: Correct, that”s right.

MR, FORD: MNow let me go on,

He refers in the fifth paragraph ofi page 10 to
studies of the Aerojet General Corporation which are givenlas
references 10-12, I think we will just say that his
reference is 10 to 12 rather than reading the names into the
record. 1Iet me read his paragraph relative to that.

“petensive studies of métal water reaction were
:eported by Higgins and othexs of Aevojet General Corporation.
References 10 to 12, one-inch diameter streams of molten
zirconium were discharged into water in one study."” 2And it
goes on to give other data about particle reactions énd so
forth, I don’t want to prevenﬁ you from reading the Qhole
paragraph if you care to take that time.

Hve you finished reading?

DR, ROLL: okay.

MR, FORD: Now in the test as it’s summarized here
involving one-inch diameter dtreams molten ziveconium dis-
charged into water, does this data have any obvious reference
to metal-water reactions of less than 1800 degrees?

DR, ROLL: Yes, it does. As follows, and perhaps

it.*s going to add to my previocus answer,
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what we are‘doing here is measuring the net reaction
after some time and temperature and with that data from a
series of experiments attempting to put together an squation
which feally defines an instantaneous rate as a function of
time and temperature and with its ultimate application being
an integration ovér the aséuﬁeé time-temperature history.

so that to the aegree that every one of these
molten samples had toc cool down before one could determine
what was happening they'went through 1800 degrees Fahrenhelt
and'that part at least, you know, that is--it's not direct. ’
gvidence at 1800, it's not a rate measurement, which is
aifficult.

MR, FORD: Yes, but--

DR. ROLL: But in a sense we have covered a range
of temperatures in these experiments. We have in some way
covered the range of intereét.

Now further, inasmuch as we, the authors, find that
the kinetic constant can be plotted up in a8 somewhat
traditional form as a function of reciprocal temperature,
and inasmuch as you have some éata Qﬁich you can infer a.
liné tﬁrough literally curve fitting, you, even with the
ﬁigher temperature data, you are getting some ccmpetence in

L4

the lower temperature performance.
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MR. FORD: Now Dr. Roil, the test here says

nothing or in any of these tests dropping molten balls,

molten spheres of zirconium into water the tests say

nothing about raising these incrementals up past 1800 degrees

Fahrenheit in the steam atmosphere and studying the metal-
water reaction., Isn'’t it very clear from these tests
here, can you boimt out a test that's &ifferent” that
simply taking molten metal raised to predetermined
temperatures with no analysis of what is involved and what

héppened to them at 1800 degrees and then just dropping

' tﬁeﬁ into a bucket of water, a sophisticated bucket of

water o<

DR, ROLL: Right. Then they could raise this
mass of metal, so be it, up to the temperature of
interest, up to the melting point or beyond the melting
point in an inert atmosphere., But when they drop it im
the water it's going to cool. So it's going to come
back down through the temperature range of interest.

MR, FORD: Yes. But in terms of when you end

up measuring what went on you don't have -- Or do you

claim that you can in this kind of test, that you can take

the zirc oxide formation from one of these tests and say
so many mils of it came while it was cooling from 4000
degrees fahrenheit to 3000 degrees, so much of it came --

I mean determine this in the experimental stage? 1 am
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asking you can you determine that so much came between

four and 3000, so much between 3000 and 1800 and then
say, "Aha, in this test now we can also say that at 1800
degrees this is what happened.”

DR, ROLL: No, you can't do that.

MR, FORD: Thank you.

Now can you tell me in any direct way does
this test, this Aerojet Gemeral test here, does this
confirm the fact that there is no metal-water reaction at
ﬁelow 1800 degrees Fahrenheit? Yes or no, please.

DR. ROLL: No.

MR. FORD: Thank yoﬁg.

I don'’t inteﬁd to go through the few dozen other
teste that I reported here, but if.you’looked at them
do you have any doubt that they differ substantially in
relation to the question of demonstrating no metal-watey
reaction below 1800 degrees from the couple that we have
gone through in more detail?

DR, ROLL:‘ Do I have any doubt that the conditions
of the experimeﬁt, the methédology véried?

MR. FORD: VYes, that these are all basicdl ly
descriptions of dropping molten spheres into water and
they are clearly at temperatures of several thoﬁéand
degrees Fahrenheit, or I mean 3, 4, 5000 degrees Fahrenheit.

It has nothing to do with == I mean they are simply not
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DR. ROLL: No, not clear at all,

MR. FORD: I see. Well, 1'd be interested if
you can find the test among all these tests dropping
metal spheres that relate to 1800 degrees.

DR, ROLL: It appears that the GE references

by Epstein at 1523, A Reaction Rate of Clean Surfaces of

Solid Zirconium, et cetera, et cetera, so they are talking

about surfaces in that study.

MR, FORD: Yes. -They are talking about surfaces.

. What is the temperature range?

DR. ROLL: So there is one range that isn't
dropping molten globules into water.

MR, FéRD: Fine, TFor this _unique reference it
suéposedly in summary presents confirmation of what we have
been discussing. Is there an indication here or are you
familiar with the study itself g0 that you can tell us
what the temperature range of reference is?

DR. ROLL: Well, you asked me a question and

then 1 gave you part of an answer and then you kept on

with another one. You are leaving the impression that

Epstein's report is the only one that was not dropping
globules of zirconium into water.
MR, FORD: I see.

DR, ROLL: If the Board wishes to take the time

2683
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we can read through all of them and make a commentary

whether or not they were molten metal into water.
1t appears that reference 3 was not such.

CHAIRMAN JENSCH: Was not what?

DR. ROLL: Was not dropping molten zirconium
ﬁnto water .
| CHAIRMAN JENSCH: Well listen, the important
thing is about temperatures 1800 degrees or less.

DR. ROLL: I don't know., I was asked to confirm
or reject the hypothesis that all these experiments
weée;pérformed by dropping molten .zirconium into water
and I am attempting to answer that question. Now ~=

MR, FORD: No, e#cuse me. There was my
hypothesis which now did not stand, that all the tests
dropped molten spheres into the water. Now there is at
least one test that drops a molten tube or tube whose
moltenness is not indicated.

CHAIRMAN JENSCH: Proceed.

MR, FORD: Well, in summary then in terms of
the data presented here, you know, as this is our confirmation
can you select anyching fidm the Epstein one that's a
tube that directly and generally comfirms the assertion
that metale-water reactions do not take place, zircalloy-
water reactions do not take place at less than 1800 degreas

Fahrenheit? Yes or no, please.
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DR. ROLL: I don'‘t see why -~ The answer is no,

there is not a reference here that was a test explicitly
up to and including 1800 degrees Fahrenheit, which the

results were no zirc-water reaction at that temperature,
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MR. FORD: My cross-examination on the subject of‘
metal-water reactions is completed,
CHEAIRMAN JENSCH: Does the staff have any questions?
MR, KARMAN: No question, Mr. chairman.
CHAIRMAN JENSCH: Any redirect?

MR, TROSTEN: We may well have redirect testimony,

Rl SRV

Mr. Chairman. We will have to scrutinize the transcript and

. make that determimnation.

CHAIRMAN JENSCH: The Board has a few guestions.

MR, BRIGGS: Ik. Roll, I have just a few brief. p

+

questions that 1'd like to ask to clarify a point or two in

‘my own mind,

What is the thickness of the zircalloy clad on the
fuel rod, the normal thickness?

DR, ROLL: The nominal thickness of the cladding is
24,3 mills, ‘

MR. BRIGGS: When cladding swells how much thinning
occurs ?

DR, ROLL: Swells and the loss of coolant bursts,

for example?

MR, BRIGGS: That's right. What range of thinning?
Do you have any idea?
DR. ROLL: I believe that a fifty per cent thinning,

inasmuch as we get Tifty per cent diametrical expansion

typically, I think that is the range of thinning we arve seeing,
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trould be, let’s say, sixteen mills theﬁ‘of course Y suppoese
near a2 burst why the cladding thins down to something con-
siderably less than that. wWhat is the distribution”of cxide
in the cladding and in the absence of aany swelling? In other
words, how is the oxygen conteﬁt @réd@d from the outside of
the clad to the inside of the clad following a loss of coolani
| accident? 1Is that clear? | |

DR. ROLL: I believe so. where is, of course, the"

'

zire oxide solid layer on the outside of the cladding.

tgge thig in the context of a tube that has an oxide content "
at the .end of the incident of seven and @ half per cent., That
ié ﬁhé hot spot on your tube,

DR. Ronﬁg sir, that would be seven and a half per
cent of 24.3. |

MR, BRIé682 That would be seven and a half per ceat

of 24.3, that's right.

MR, BRIGGS: Well, what I am getting at is most of
the oxide on the cutside of the metal is on the outer layer of
fl
the wmetal, or igs it uniformly distvibuted thxeugh the metal or

just -

DR. ROLL: No, sir. <The oxide is one hundred per

;liA B 'MR. BRIGGS: Roughly hew thick is that layer? z@tfs. 7

I DR, ROLL: There is a difference between the dénsitﬁem

of the zirc and the zirc oxidé, so there is a conversion there,
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cent zirc oxide on the outside and it is essentially base
metal in the remaining 22 mils of tubing. There is a gradient
then from the base metal through an oxygen-rich metallic phase-
thfough a very thin, characterized by dblack oxide, layer on
the order of tenths of hundredths of microns, tenths and
hén&re&ths of mils and then into the zire oxidé thickness. .
So that it is not distributed uniformly throughout
the cladding.
MR. BRIGGS: Well,.there is an oxide layer on the
oﬁ%er surface, and what about tﬁe re§ioﬁifhaé has oxygen )
dissolved in zircalloy. Is'thét an important part of the
qiidéeeontaining wmaterial? |
DR, ROLL: Sir, this is the oxygen-stabalized
Alpha that is discussed briefly in our own FLECHT reports
and at least in these reports iﬁ was about equal in thick-
ness to the ZRcb_layera
MR, BRIGGS: 1s that a brittle material also?
DR, ROLL: I believe it is, sir.
MR, BRIGGS: Wow in the case of the cladding, that
wss only sixteen mil thick, then the percentage of oRygen
in that zircalloy would be above the seveﬁvaﬁd a half per
cent, is that right? |
DR; ROLL: That's correct, sir.

MR, BRIGGS: So it might be up ten per cent or

thereabouts, I suppose.




DR, ROLL: Yes.

CHA IRMAN JENSCH: Do you want him td agree to that?

MR, BRIGGS: ﬁe did,’

DR, RCLL: Yes, sivr, I agreed.

MR, BRIGGS: Is there any information concerning
the relationship between middle thickness, nil ductility
temperature and oxide content? In other words, if a material
is ten mils <¢thick and has ten per cent oxide in it dees it

bave a lower nil duetility temperature than a material that
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19 thmrtw mm?s thmck and ten per cent oxide. cont@nt, or are

uhey rough1y~the same, the nil ductillty temperatures?

DR. ROLL: Given the same oxide content ox p@xhaps
the same fraction of base nmetal remaining undisturbed or

unaffected by the oxygen we should be seeing the same nil

ductility transition temperatuxes.
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MR. BRIGGS: Were the tests that Westinghouse
ran run under conditions of various metal thickness or
one metal thickness? 1In other words, is there a reference
that I éan read about this?
| “DRQ ROLL: The tests that were run were so-called
&uench tests and vere run both with cold éubes and tubes
that had been previously burst. So those that were run
with unburst tubes were run with this reference 24.3 mil
thickness. Those which had previously been burst had
1e$§éf'thi§knesses in the immediate area of the mouth of
the. burst,

:’Mko BRIGGS: But there were no‘systematic testé
run in which a metal thickness was buried in the oxide
constant and held constant in that temperature?

DR. ROLL: That’s correct.

MR, BRIGGS£ There was oﬁé other quesﬁion ﬁdé
particularly related to this. I don't know if you or
Mr. Moore might like to snswex ic,

Why is it i1f the rods, if they are all at the
same temperature, if the cladding is all at the same
temperature -- Let’s change this. Suppose I had ten
rods and they were at the same heat rate and the cladding
at the same temperature, and this temperature was more
or less uniform over a length of two fee, why is it that

the rods would not all burst in the same plane or would
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not all swell in the same plane? Why is the swelling
distributed over some length of the rods?

DR, ROLL: Given the premise that the rods
are all at the same temperaturés and all of the same
internal pressure, then there is still the variable of
wall thickness, which is a somewhat random variable
and appears as manufactured tubing, which would tend to
give us an axial distwibution, and in fact, circumferential
distribution of bursts° The variability in wall thickness

or pétticular in strength of the tubing is characterized

. by the variability5 say, in the yield stress which might

“run five to ten percent. So that we have a five percent

Qariability in the strength of the tubing which tends
to give us a randomness. But then in addition we will
get different axial locations merely due to the fact
that a peffect uniform axial distributién and exactly the
same internal rod pressures simply are mot the case in
actual practice.

MR. BRIGES: Do you mean the strength of the
tubing varies from positioh to position in a single tube?

DR, ROLL: Yes, sir, N |

MR. BRIGGS: So you say the wall thickness is
one factor that can cause réndumness and swelling location,
and strength is another factor? Are there amy other

factors that you know about?
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DR. ROLL: To a lesser degree, radiation
history would contribute to axial randomness, I say to
a lesser degree because after some period of operatioh;
perhaps, in excess of six weeks, the data we have says
?hat the yield stress essentially saturates so that,furthér
éxposure does not cause an increase in yieid stress, 1In -
addition, the temperatures we are locking at in the loss
coolant situation, &amage due to irradiation, lattice
damage, which is manifested by an increase in yield stress,
would be ocut. So we wouldn’t really see this variability
due to radiation history being above some temperature
perhaps at 1200 to 1500 degrees.

MR, BRIGGS: Skipping back and asking one
last question. In the burst rods that were rum in tests,
wds the oxide content of the metal measured in the
region of the burst and compared with the oxide content
in the full thickness of the rod? I will call them such
microscopic measurements. Were they made?

DR. ROLL: In the burst test or the quench test?

MR. BRIGGS: Quench test of burst rods. I'm
sOrYy.

DR. ROLL: I believe the percent oxide content
reported is the maximum value seen for several measurements
for the particular test which we ran. In terms of

percent reaction, this would cavry in areas where the oxide

’
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had thinned. It would tend to occur there because we
have less base metal and dividing by a smaller number
as the total base number remaining. The number reported
in our own documehtation where we report whether or not
a particular éﬁench test was retained and had its integrity
or not, and related that to percent reaction or percent
conversion to zirc oxide, that number is the largest
number observed on several seconds. It @as not ten per
rod, but perhaps two og.three per rod,

MkowﬁkaGS: What report is that?

DR. ROLL: .I'believe it is WCAP 7379° Let me

confirm that, It is a single rod test, It is 7479-L

Volume I,

MR. BRIGGS:  Thank you.

MR, ROISMAN: Mr. Chairman, just a couple of
things that Dr. Briggs raised. Just a couple of more
questions and we will wind up. I just have one.

D, Roll, you talked about the variation in
the_wall thickness in normal manufactured rods. Can you
tell me; what is the range in mils for that?

| DR, ﬁOLle The fange is 1like one mil. That
&ay be a half or one and a half. It is not a tenth of
a mil, |
N MR, ROISMAN: The rod tests that were run that

are reported in single rod tests, were those tests run
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with what you would consider «- Perhaps this is something

"that Mr. Moore would have to answer.

DR. ROLL: That’®s right§ This waé production
tubing manufactured by the same manufacturer.

MR, ROISMAN: The reason I asked, when I looked
ét the reports, I notice that the measurement ranged from
about twenty-three mils to twenty-seven mils., But that
range was a ramnge that you wquld expect normally if wvou

were purchasing the rods; is that right?

DR. ROLL: Let me check the context of that just ,

a minute.
MRg ROISMAN: Okay. The twenty-seven is

reported in Volume II WCAP 7379-L. The others are

reported in Volume I, and they were twenty-three and

twenty-four mils,

ﬁR, ROLL: I think I can explain that if I can
see the report. There were two different lots of tubing
used in that. I may be able to clarify that,

MR, ROISMAN: Here you are,

DR. ROLL: I have here WCAP 7379, Volume II,
pagé 2. Our reference wall thickness is 24.3 There is
tolerance on that within a lot of tubing. The variability
in wall thickness might be on the order of one mil. The
tubing used by General Elect:ic in the test reported in

Volume II was purchased by Oak Ridge from our manufacturers
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to an ASTM specification. It was essentially the same as
our tubing specification, and Oak Ridge had purchased it
to a slightly different thickness, same diameter as our
tubing. Sq the variability from the twenty-seven mils
reported in Voiume II down to our 24.3 does not reflect

the variability in wall thickness to be expected, picking

random lots of tubing purchased for the same specification.

MR. ROISMAN: How does it affect»the comparison
between the results for the same rod in thé Volume I
‘test and the Volume II test, aésuming identical pressures
and identical heating rates?

DR. ROLL: The reason for doing it really was
to check =« The reaSOn for doing the GE Cincinnati tests
was to check their apparatus and our apparétus, We found
essentially no differvence. There is a difference in wall
thickness from twenty-four to twenty-seven mils, gnd was

attributed to being, again, an insignificant contributor

to no difference.
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MR, ROISMAN: Iet me see if I understand. m other
words, the difference in wall thickness between twenty-seven
and twenty-four mils isAnot a significant difference in terms
of when a rod will burst or how much it will swell or some-
t@ing like thai;kassuming the cther things are egual, and you
i$4effect Vere‘able'to test out your results and the GE
resﬁlts, vhich are run on differeht types of apparatus?

DR. ROLL: That's correct.

MR, Roisﬁamg Thank you. I just wanted to'get that
cleax. '
XHGIYIMR, FORD: Additicnally, your answers to M£¢ Briggs*®
guastion p@rtainiﬁg to wall thickness_and nil duétility and
embrittleméné ileft me a little bit confgseé; I was just
wondering, in terms of what I have in front of @e in the

transcript yesterday, bage 1964, I wonder if I could refer

yvou to that and make sure that what you indicated to Mr.

Briggs is not different from your amalysis of yesterday.
The question on 1954 that I asked is: -
“rs it your impression that wall thickness is
related to embrittlement?®
vou responded:
“tn my opinicn; locally, the integrity of the
cladding in the area of burst, which is a very small total

area, could be affected by the local metal-water reaction

that is related to the wall thickness. The answer is yes.
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Locally this would have an effect."

Then we go on discussing the conclusion of the
0k Rridge study of Hobson that’s already been referenced as
the document frcm the American Nuclear Society’s meeting a
few weeks ago in which you stated thex.r conclusion, their
analysis as you recall, how the nil duetility temperature
changes for a piece of cladding with a change in its wall
thickness. vYou quaﬂ:éd their results in that report and you
said, "I would agree w:ith that conclusion.® 7hat’'s on page
1966,

- _Am I to understand that that is youx analys:.s
‘of the zelatzonshnp between wall i:h:.ckness and nil éuctﬂity
and embrittlement, that you do agree m.th this 0ak Ridge
analysis as 'y;dii‘ inéica‘ted yvesterday, and your answer to Dr.
m"iggs° qixéétion is no change from this position?
DR, ROLL: rage 1966 I believe §ou said was -

MR, FORD: I am talking of t‘he portion beginning
on page 1954 _and»eﬁding on rage 1966,

DR. ROLL: I believe the question ‘as proposed'wa;s.-
given t'he. éaﬁé oxygen content but with different thicknesses
of cladding, would you expact to see the same nil aﬁg:tiiity
-transition temperatures, ‘

I answered it in the affirmetive, ves, I 7vleu1d,
given the same oxygen contents. I believe my answer said

l
the same amount of base metal remaining. That is noi: to
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say, given the same per cent reaction or given the same oxide
thicﬁness on 2 varying thickness of base metal, would I expect
to see the same duectility transitidn temperatures, which I
think is the postulate of the 02k Ridge people, that if you
haﬁe the same per cent reaction with the same oxide thickness
bui different thicknesses of metal and you would have in the
immediate area of the burst, ybu‘would then see a different
ductility response. |

I agree with the 08k Ridge statement. If you get
ldcal thinning, especially after you get a large build-dp of
oxide, then perhaps you get different Quectility. But if you
had a given tubing specimen and you reacted it not td the
same extent but to the same oxide content in the base metal,

then ¥ would think you would have the same ductility

characteristics.
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MR. BRIGGS: I think I understood it that-way,
In looking at the Oak Ridge work, do you understand if
the cladding is thin, it would have a larger percentage
of oxide than it would if it were not thin? 1Is that the
ﬁnderstanding youw have?

MR, F@RD° No, sir, It is the fact, I belleve,
that if the cladding is thin, the percentage of oxides
that you get there contributes to more embrlttlememt,
problems in that same percentage than‘in a wall whdsé
thickness hadn'’t been reduced. | | o

‘MR, BRIGGS: I think that's apoint that deserves
some discussion because that was what my questions were
leading to E'um:'e.°

" If the wall were twenty mils thick and had
been reacted for a particular length of time and a
particular temperature, let'’s say oneéoﬁi& ﬁave fiﬁe mils
of oxide coming from the outer surface. That would leave
fifteen mils of metal. If that wall were thinned and at .

the same time temperature for the same length of time,

~ then you would still presumably have the same five mils

of oxide but now maybe the Wall is oniy ten mils thick

So the percentage of oxide would be substantially increased.
One would expect that the ductility would be

substantially less. Was‘that your understanding?

MR. FORD: That's my understanding of the
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contribution from Oak Ridge, yes.,

MR, BRIGGS: I was just trying to establish
whether that was the case here, too,

MR, FORD: Their basic¢ point was that to date
the work that has been done on emBrittlement has been
concerned with rods whose geometry in ﬁo way is altered
by the accident. Of course, it is known that radiaticn
increases embrittlement, ‘That was one previously known
factor. But now the factor that they have contributed --

DR. ROLL: Excuse me. Rather than,leave that

statement hang, radiation does produce embrlttlement

:but at the tempera&ures that are projected for the loss

of coolant accident. This irradiation damage is going
to be out, So you will see a very ductile material at
this high temperatuﬁe,

MR. FORD: I think the point was, in terms of

phenomena which in general influence embrittlement

irradiation is one. That was previously fairly well known,

Now the new phenomena which comes is the whole question
of cladding thickness, Not just out of burst but Jjust
general thlnnlng when the rod is ballooned

CHAIRMAN JENSCH: Is there any other matter we
can take up before the recess?

MR. TROSTEN: Mr. Chairman, I would 1like to

inquire really as to two things: one, does the Intervenor
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choose to cross-examine Dr, Roll any further, and may he
be excused?

MR, FORD: Are you referring to cross-examining

Dr, Roll?

MR. TROSTEN: Yes.

MR, FORD: I believe we have completed our
cross-examination.

MR, TROSTEN: We would plam to have Dr. Roll
excused, if this is satisfactory to the Board.

CHAIRMAN JENSCH: I thought you were going to

., have some redirect.

MR, TROSTEN: Yes, Mr. Chairman. I'm certain
it'ﬁould take us longer than tomorrow., We would want
to resume this next week., |

CHATRMAN JENSCH: And recall Dr. Roll at a later
time?

MR. TROSTEN: It may be Dr. Roll or may be
a&ditional w;tnesses, Mr, Chairman,

H CHAIBMAN JENSCH: Very well. We would like to
discuss the schedule for tomorrow in view of the fact that
the parties have indicated that they felt it will expedite
éhe progress of this cése if we recéss so we can study
tﬁe various data which was submitted. The Board has
accepted that premise., Therefore, we are considering

the time of adjournment for tomorrow.
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Transportation schedules get a little coﬁpiicéted,
and toward the end of the day and toward the end of the |
week they get complicated. Inquiry is made whether we
would pass up the lunch hour tomorrow in order to get
in a réasOnable amount of time for hearing, but provide
for about twenty or thirty minutes of the break at about
éhe usual time, and resume and continue until about 2:30.

Would that be agreeable with the parties?

MR. TROSTEN: This is fine with the Applicant,
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MR, KARMAN: It is agreeable to the staff,.M:re
chairman.

MR. ROISMAN: We don‘’t have any objection, Mr.
chairman.

There is a question of subject matter that the
#plicant has last evening di& make availabieto us, the three
proprietary reports that dealt with rod burst guestions.

We »ave been analyzing them tb&aynduring the session and will
eon?inue to do =0, That paréicular subject we may not be able
to fill all of the day tomorroﬁe ,
! . M;u poore will be the.witness who, if 1'm not mis-
Eaken, will be the one to talk on that. I haven’'t talked to
the Applicant about this., wWe do have soﬁe other safety
métters,

There is the in camera session on further security
matters. There is the reactor pressure vessel material, and}
perhaps my colleagﬁé here tells me if he can digest this |
material, he can make it a more fruitful cross-examination.

, Since it is proprietary, I will have to talk to the
Apélicant tq see.what we want to ask and the charges that we
want to make will in any'way.ésmpromisé the propriétary
ﬁature of the documents. R

therefore, that portion of the examination would
also have to be held in camera. All I am saying is that

filling the time from nine o’clock tomorrow morning until
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two-thirty tomorrow afternoon will be taken up, but may be
with some modification of the kind of schedules we talk
about. There is no inconvenience to us, I want to make
sure it isn't an inconvenience to the Applicant and the
staff,

' MR, TROSTEN: Mr. Chairman, I'm not really entirely
- ecertain at this point of exac‘tly' how much additional cress-
e#amination the Intervenor has. You have the adc’ii‘t ionaly
document which you have indicated you v%ish to examine for
furéhéxj .eross-examination,
could jrou tell me, pr. Roismen, what additional
are;:_s_ do you wish to cross-examine us on? et us confine
cutself to ECCS matters for the time being, What information
de you plan on ECCS? |
Also, for‘my information, do you intead that MY .
pord continue éo'interre@gata?
vMRw ﬁOISPLANz Answering the last question first,
ves, I do intend Mr. For to imterrogate for as long as we
can !:éép him 'ﬁere, In texrms of the areas, there is a ques-
tion of core deformatiom. d‘&rmg blowdown. there is the
quéstion of the heat-up of the rods, how those temperatures
are éosﬁputed, f‘here i's."a guestion on de,féfmati.c’m of the
rod that is péobably covered in these tests that we have,
and some of the ecarlier ones., The radial flow questions

that we started vith mr. Moore amnd them Dr. Roll was made
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made available, and we want to come back to that quési:ion°

The codes that are predicting the performance of
these various things, which I assume get discussed as they
have other questions of the metal-water reaction in the con-
t?xt of tﬁé specfici subject we get into, what does the coée
s%ow with regard to this,

MR. TROSTEN: Yesterday you furnished me with a
copy of intexragatories'in the pilgrim proceeding, and a

iist of questions. Are these the subject of inten&@d'erossw

examination, or is this for purposes of my general informétign?

I‘m not quitefeeitéin of the status of that.

MR, ROISHAN: It was more tham youk general
education, What it was inéending to do was:t#fSee the other
axeas. The list 6f the queétions I went thﬁough to try to
get out as a GE reacté&, and I wanted to take out those
guesticns which either didn’t relate to our case here because
ef the fact we have a pressurized'water reactor, or didn‘t
relate to subjects previously covered. That would be all

the questions. I guess theoretically a full enough answer

' to some of the guestions might put off a great deal of

additional cross-examination.
MR, TROSTEN: Is it your intention to ask, by way
of cross-examination, the guestions or the substance of the

questions that are indicated om the sheet of paper that you

gave me?
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MR. ROISMAN: Yes. It i® not necessarily worded
that way., It wasn®t like we did with Mr. Moore before on the
cther guestion,
) MR, TROSTEN: Do you anticipate--and I’m asking this
for purpcses of planning other witnesses and other matters. |

Are you able at this peint to anticipate when the cross-—

exanination on ECCS will be terminated?
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MR, ROISMAN: That's very difficult, I will
speak very frankly on the record. The witnesses vary

in terms of their capability of answering the questions.

Dr. Roll’s cross-examination lasted a bit longer than

we predicﬁedé.'Still his answers tended to be fairly

succinct and closer to the point. Where we are looking
for a no and he knows we are looking for a no, he says

no and maybe qualifies it or explains”it or does

something like that. Other witnesses, as the Chairman

pointed out earlier, see where we are going and we are

pulling and struggling along. Those kind of witnesses

take longer. They shouldn't, but they do. It is

difficult for me to know how much kicking and screaﬁing

we are going to have to get to the point. I don”t'think

that at this stage of the'heéring this is much doubt about

vhat the point is, It is a judgment factor.

Do'you have enough experimental data to justify
the conclusion that the ECCS will work? You probably
know better than we do whether you have ithat experimental
data. In a way it_is almos% like admissions. We can g0
on from there, Thenthe Board will méke the judgment as
to whether or not the lack of experimental data inm a
paftitular area or the lack of complete experimental
data or totally reliable experimental data is sufficient

enough to cast doubt on the Applicant’s case.
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But we are giving a lot of kicking and’screaming
as we go down that road, which I guess is not unnatural,
I'm not asking for our case on a silver plattér, In short,

I think, it will depend on the witnesses as to  how

'§uick1y we cover it. It will be better if the witness

gs specifically familiar. Dr., Roll's presence on the

subject of metal-water reactions helped gréétly because,

. for most of the questions, he was the man that knew the

- answers.

MR. TROSTEN: I appreciate your explanmation. It )

is helpful, also, for us to have as good an idea as we

can get of youfvinquiry 8o we can have the right person
hereo
Also _for our planning for the emergency planning

and partlcularly for the security part of it, do you

:intend after the crossSexaminatlon on ECCS matters; to

cross-examine the AEC Staff and then go to the other matters?
| MR. ROISMAN: Do you mean as opposed to going
on to other matters with the Applicant? |
MR, TROSTEN: Yes.

MR, ROISMAN: No. It will be our intent to

-take the Staff after the Applicant.

MR, TROSTEN: On all matters?
MR, ROISMAN: On ECCS matters, and take the

Applicant on the security plan and the State of New York
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on the emergency plans after we have completed crossge
eéamination of the Staff on ECCS., Some of this, Mr.
Chairman, I might say, we have been attempting to, and

9
the Staff, and give them as wuch guidance as we can.

Mr, Ford is cpening my eyes to a substantial number of
areas, It is a.problem_of ha;aﬁ&_l sitting dgwn in the
evening énd trying to scope out the‘area of Qﬁether the
Applicaﬁt and Stafﬁ know thé specific subject'areasq

CHAIRMAN JENSCH: You will have an opportunity

Jto'dc» that off the record. Is there any other matter we

~can coﬁsidér'at this time? If not, at this time let us

recess this hearing to reconvene tomorrow m@rnxng in
this room at ﬂine o’clock,
. (Hearing adjourned.)

G




AR e

RE@EBM @W B@S" ZF FﬁlE @@PV |

T ?@ E“g,wu ﬁ,uwy EEZ,ZJEW. FELES
M 01

E RE@&HW@ e {f ik E@PV "

R o @05 06 10 @ @ -




