Y S

" UNITED STATES ATOMIC ENERGY COMMISSION |

“Regulatory - File’ ¢y,

IN THE MATTER OF:
| :@@ms@wz,aﬂw m}:@@“s @@:EE A 7 OF WET YRR, ATl
((w@i@ﬁ Poing Sa,afw@m Unviu‘:' ;\3@‘, 23

. Docket Mo, 30-247

RE Eﬁm‘@ F ngamum{ @mdﬁnﬁi Fiiﬁ
. RﬂﬂM @i% s

R S Pluce- _Sp”w@wale mma @z@@@nw@'&mm@gmp z\‘r , .

DUPLICATION OR COPYING. OF THIS: TRANSCRIPT
BY PHOTOGRAPHIC, ELECTROSTATIC OR OTHER

FACSIMILE MEANS IS 'PROHIBITED BY- THE ORDER
FORM AGREEMEN.T.

RE&E@E,A @“’V Bl w“{iE'E’ E@E @

ACE - FEDERAL RFPORTERS INC.
Offzcwl Reporters
415 Second Street, N.E.. o S L
Washlpg'rq‘n, D”C +20002 s 4Q26 e

Ay £

py Telephone
, Code 202 547 6222




UNITED STATES OF AMERICA

ATOMIC ENERGY COMMISSION

’

P Y
=

In the Matter of: i
CONSOLIDATED EDISON CCOMPAWY OF NEW YORK,] Docket No.
Inc, ‘

] 50-247

(Indian Point Station, Unit No. 2 >

MEn amm  shm  Stw  mm ez SN Wem  OER  eme  Ame M evee e ewm e e s

o ewm et we ww wm wme e De Bl M R R S D Em=

Springvale Ian :
Croton-on-Rudson, N.Y.

Tuesday, November 2, 1971

The above-entitled matter came on for hearing,
pursuant to notice, at 9:00 a.m.

BEFORE s

. SAMUBL W, JENSCH, Esd., Chairman,
Atomic Safety and Licensing Board.

DR, JOHN C. GEYER, Member.,

MR. R. B. BRIGGS, Member.

=59




10

B

12

13

14

5 -

16

17

18

19

20

21

22

23

24

Witness

paniel Poxrd

Johm Bernard Roll

INBDEZX

2260

Direet

2267

2296

e




Al-W-M-1

10
11
72
13
14
?5
16
17
18
19
20
21

22

23

24

25

2361

CHATRMAN JENSCH: Please come to order. I
believe that the suggestion from the attorneys yesterday ‘
was that after a study of yesterday's transcript, they
will bé prepared to proceed with further cross-examination
on the emergency core cooling system; is that correct?

MR, ROISMAN: Yes, Mr. Chairman.,

One preliminary matter, which is given whaﬁ
appears to be continuing weather conditions around here
which are somewhat relevant, I wonder if we might discuss,
just for a moment, when the hearings will reconvene next
week, assv;?:z that we don't finish up this week. I would
like to suggest that if we don't, it might Bevhelpful
at least for us in terms of digeéting material, if we
schedule to reconvene Tuesday morning rather than on
Monday morning, to add one additiomal, if you will, study
day prior to the reconvening next week., It would be
helpful for me to know in terms of making plans for when
to be back here and on what day that would be. I spoke
with Mr. Karman and Mr. Trosten. They did not have any

objection to setting Tuesday as the day we would reconvene

next week,

CHAIRMAN JENSCH: I think there is a great

desire on the part of the Commission that these proceedings

continue in successive days as far as possible. I think

perhaps if you could give some indication of the necessitcy
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of this besides the convenience of it, it would be helpful
to the Board in making its judgment.

MR, ROISMAN: My thought was this, Mr., Chairman.
We are getting a lot of informatiom to digest that is
coning in on this subject really just this week., I think
we could shorten the time if we had the full three days,
Saturday, Sunday and Monday, to attempt to digest the
material and focus our cross-exzamination for next week
on the subjects.

THE CHAIRMAN: In other words, you toock evidence,
from witnéss Moore yesterday orally rather than waiting
for responses by interrogatories which seemingly would
expedite the situation, and a couple of days now would
permit you to review the matter and be better prepared
o cross-examine, and the net effect of it would be to

expedite it and move the case more rapidly at that time

‘than if we did not take a recess on Monday?

MR, ROISMAN: Yes, Mr. Chairwan,

MR. TROSTEN: Mr, Chairman, that was exactly the
basis upon which I agreed with Mr. Roisman, that I agreed
with that this would actually expedite the proceeding if
we did this.

THE CHAIRMAN: The Board would give some
consideration to thato What is the suggestion of the Staff?

MR, KARMAN: The Staff conecurs, We feel that
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rather than delay it it may very well expedite the matter.

CHAIRMAN JENSCH: Very well, This information
that came from witness Moore yesterday of course was your
first informationm of the kind,

MR, KARMAN: That is correct, Mr., Chairman.

CHATIRMAN JENSCH: And you likewise feel that you
need Monday, too?

MR, KARMANW: It’s not only that testimony. We
are going to have lots of other testimony that's going
to come up between now and the end of this session, which
much of it will mot have been previously distributed,

CHAIRMAN JENSCH: Well, the Board has some
scheduling problems. The Board is inclined to accept the
suggestions of the parties, but at this time mo determination
will be made. We expect to be able to iﬁdicate that
situation tomorrow morming,

YR, TROSTEN: Mr. Chairman, may I just ask this
question in comnection with the Board's consideration of
the échedulen

We are intending to go through Friday of this
week is my understanding of the situation, is that not
correct, Mr, Chairman?

CHAIRMAN JENSCH: Yes, that is correct,

MR, TROSTEN: And I might ask Mr. Roisman if

he has given consideration as far as the matter of
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expediting the schedule ié concerned, and the Board might
wish to comsider this too, to adjourning on Thursday and
reconvening on Monday versus continuing through Friday
and then reconvening on Tuesdajr° I wean this is another
possibility that'I think consideration perhaps ought to
be given to. I agreed with Mr., Roisman that perhaps
a day, leaving a day out would expedite the hearing, but
we haven't discussed the matter of which would be
preferzble from everybody’s point of view.

MR, KARMAN: The Staff would be amenable to
either one, Mr. Chairman.

CHATRMAN JENSCH: But im any event you feel that
some time would advantageous to preparation?

MR, KARMAN: I believe it would, yes, sir,

CHAIRMAN JENSCH: Well, let us give consideration
to that matter. This suggestion that Applicant’'s
Counsel has made may be very helpful to the Board but
we will see how the situation develops as to our‘own
scheduling. We expect to indicate tomorrow morning.,

Very well. Are we ready to proceed with further
examination?

MR, TROSTEN: Yes,

CHAIRMAN JENSCH: Who is the witness decided
from cross~examination?

MR. TROSTEN: Mr. ChairmanQ we are prepared this
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morhing to have witness Moore resume the stand in order
ﬁ>to respond to certain questions that were raised yesterday
to which he said;he would provide additional information
today. So I would like to ask witness Moore to resume
u the stand, please.
CHAIRMAN JENSCH: Please come forward,
Mr. Moore.
MR, ROISMAN: Mr. Chairman, one last preliminary

matter, As I had advised the parties, we were hoping

&,

that we would be able to have with us to assist us im
cross-examination one of the authors of the report,

A Critique of the New AEC Design Criteria for Reactor

.Safety Systems, which was prepared by the Union of

Concerned Scientists. 1 think this is a fair statement

to say that this probably represents from the standpoint

of Intervenors by far the most sophisticated pxgsentatiom
%and analysis on the part of emergency core cooling systems,
We feel fortunate to have with us this morning Mr, Daniel
Ford, who is one of the authors of that report, and I

have discussed this with Mr. Trosten and with Mr. Karman

as to whether or not they would have any objection to having
%Mro Ford conduct the cross-examination on the'emergency
core cooling system as a technical expert on behalf of the

Citizen's Committee in order to expedite the matter rather
p

than to have the whispering back and forth. And they
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have asked me if I would have Mr. Ford state for the

record what his qualifications are for doing this, and

I wonder if I could do that at this time and then ask

the Board to rule on whether he will be permitted to

cross-examine,

I should point out that Mr. Ford's expertise in

the area is acquired outside the normal educational

disciplines, to wit, he does not have a degree in nuclear

engineering or physics, but instead has worked very closely

with Henry Kendall, Professor of Physics at MIT, James

MacKenzie.
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Also, a nuclear, in the prepration of this report,
and his gualifications are more in terms of what he has
acquired in the course of this, if you will, intensive étuﬁy
program than in the more formal educational pursuits.

I have talked to him and I am aware that his input
into this report is extremely high and it is not merély that
he was by any stretch of the imagination an “"also" on %he report
but a very importamt part of it.

1°G like Mr. Ford to state in some detail his gualifi-
cations, if that is all right with the Beard.,

CHA TRMAN JENGCH: In order to have it formally on the
p;rt of the record we will have him swornév |

{naniel Ford, sworn.)

CHAIRVAN JENSCH: Will yvou give your name, addﬁéss

and your present business activity and your background, please.
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LR, FORD: My name is Daniel Ford. My residence is
415 Broadway, Cambridoe, Massachusetts. My office address is
the Research Project on Pollution, 1583 Maséachusetts Avenue,
Cambr idoe, Massachusetts.

Professionally.I'm'the Coordinator of this
Environmental Research Eroject which is funded to Harvard by
the Mational Science Foundation.

T organized 2 group of nuclear engineers and nuclear
physicists with whom we inveétigateﬂ the Idaho Semi Scale Tests
starting in the middle of last spring and have been involved
since that time in extensive éesearch on all the engineerino
data pertaining to the Emergency Core Cooling System.

I'm the principal author of the two reports that have
been issued by the Union of Concerned Sciehfists. I have
lectured at Barvard University in the piogram of national
sciences on the subject of Reactor Safety.. This experience is
basically what constitutes my experiise on Emergency Core
Cooling matters.

CHA IRMAN JENSCH: Will you give us your educational
background.

DR, FbRD: I have a Bachelor’s degree in economics
from Harvard College, which I received in June of 1970. I
have been involved full time in economic research, encironmental
research since that time. My further educational experience,

I have been nominated as a junior fellow of the Society of
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1 Fellows to do Interdisciplinary Research in Environmental
‘ 02 Problems which I hope to begin approximately a year from now.
3 CHA IRMAN JENSCH§ AWhat was youxr work with Professor
‘ : 8 Kendall? Would you identify him fom the record, pleasé°
S - DR, FORD: Professor Kendall is co-author of the
6 two Union of Concerned Scientists Reports., The first one was
7 issued in July of this yeér entitled, "Nuclear Reactor Safety
- and Evlauvation of New Evidence.® It was reprintéd by the
9 American Nuclear Society in the Septewber issue of Nuclear
90 gz;e_:;g?_s_, and the second report, for the record, is the critique
13 of the new AEC design criteria which was issued two weeks ago.
12 Professor Kehdall is a nuclear and hi@h energy
13 physicist, He is a professor and on the faculty of the
. 34 || Massachusetts Institute of Technology. His contribution in
15 his secientific background, with that he is perhaps the most
16 prominent highv'energy physicist in the country today. He is
17 listed by the Atomic Energy Commission in their annual survey
1 || in their s‘ponsored resear;:h as the principal in;trestigator of
19 ;iectron scattering in their experiments at the Stanford
20 Linear Accelerator Ce.nters His experimental work on the
21 gtructure of the neutroﬁs is considered in Science.maqazine as
22 I the single most important contribution of high energey physics
. 23 in the last thirty vears.
22:@ CHAIRMAN " JENSCH: These idaho Semi scale Tests I
‘ 25 believe were conducted sometime in November through February.
-
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i DR, FORD: November through March.
‘ 2 A CHAIRMAN JENSCH: November 1970 to March of 1971.

3 They were, I think, released and made available to the public
‘ _ 4 agenerally about Apz:il or May, I believeo_

8 DR, FORD: That’s correct. I believe the first

8 publie announcze’ment was a front page in the Washinoton Post.

7 || on May 26th.

8 CHA IRMAN JENSCH: Sinece that time, how many hours

9 have you worked with Professor Kendall on this type of subject?
i0 DR, .FORD.@ _If you will believe me, I will say night
i1 and day since we learned of the tests early in May. We have

12 been working seven days a week on the subject since that time,

‘ 1l CHEAIRMAN JENSCH: 1Is there any comment from the partigs?
14 MR, TROSTEN: Yves, Mr. Chairman.
15 tnder Section 2,733 of the Atomic Energy Commission

18 Rules of Practice, at the request of a party, Mr. Roisman, the
17 Board may permit, as the Board knows, a gualified individual
18 of scientific or technical training or experience to parti-

19 éipate on behalf of that party in the examination énd cross-
20 examination of -expert witnesses,

21 br, Ford could, of course, sit at the table with

22 Mr . Roisman'and suggest to Mr. Roisman guestions which Mr.

23 Roisman could then place. There woulddoviously be no harm in
24 that.

‘ 25

On the basis of what Mr. Ford has said, the
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Qualifications that he has stated, it is Applicant's position

that Mr. Ford is not 2 qualified individual who has scientific
6r technical training, He is not an expert in the fields in-

volved,

Conseguently, it is our position that he certainly

- iz not a competent witness to sponscr the document to which

Mr., Roisman referred, the critigue by the Union of Concerned
Scientists, or the other documents to which Mr. Roiéman
referged, We would most certainly enter an objection te his
‘qualificatiéns as a witness to sponsor any such testimony.

on the other hand, if Mr, qusman desires to have
Mr. Ford either help him with the croésmexamination by
sugg@sting gquestions or in some instances actually to ask the
ﬂéuestion in lieu of Mr. Roisman asking the guestion, we would
not object to that.

MR, ROISMAN: Mr. Chairmen, let me say as I had
stated at the outset, that we were not intending to introduce
the critigue of the ABRC interim criteria into evidence under

the sponsorship of Mr. Ford: that it was only for the cross-

examination purpose,
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CHAIRMAN JENSCH: It is so understood.

The Staff.

MR, KARMAN: Mr. Chairman, it would seem that
technically under Section 2,733, that there is a serious
question as to whether or not Mr. Ford were to qualify
as a qualified individual with scientificcor technical
training. The Staff certainly has no desire to 1éngthen
these hearings by having Mr. Ford pass a questiqn to
Mr. Roisman for his examination. I think, for the récords
we place ourselves in cur position not objecting to this
procedure, only in the hopes of speeding along the hearing
We leave to the Board the question as to whether or not
the Intervenor has complied with Section 2.733.

MR. ROISMAN: Mr. Chairman9>may I just speak
to the comments that these two gentlemen have made? First
let me point out the 29733 was obviously written to

include people other than people with formal technical
training, since it refers to the experience along with the
word “"training" as listing a qualified individual, The
purpose of this Section, it seems to me, is clear., 1t
was in order to attempt to expedite the proceeding.
People with special knowledge may very well -- Although
this may seem to be an admission against interest. - may
not be lawyers, but othewpeople who have special knowledge

that could expedite the proceeding. The only problem I

v
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could imagine, if it turned out that Mr., Ford's cross-

examination appeared to be pointless to the Board or get

us far afield. I would suggest that perhaps the best test

of that would be, we are going to have like an hour or

an hour and a half of crOSSmexaminétion until we make
that decision. Then Mr. Ford would be perfectly amenable
to doing the cross-examipation during that period and

see if there does seem to be a problem. If not, and we
seem to be advancing as I am convinced we will, it secems
to me that the purposes that would be served by having a
technically trained or experienced person to érGSSeéxamine
would be better met than this whispering from Mr. Ford:

to me and I asking the question of Mr, Moore.

MR, TROSTEN: May I make one more comment?

CHAIRMAN . JENSCH: Yeé, Proceed,

MR. TROSTEN: It has been the Applicant's
position throughout this proceeding, and will contiaue
to be that position, that we have no desire to lengthen
the proceeding or to complicate it by raising technical
or legalistic objections to procedure. We feel this wsy
about the matter: we would like to see the cross-
examination proceed. We fgel that in no sense, in our
view -~ And I am not saying this in a pejorative sense
wvith respect to Mr. Ford in any way or with respect to

Mr. Roisman. In no sese in our view will Mr. Ford qualify
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for a technical position involving the complex engineering
and scientific and chemical engineering disciplines which
are involved here, either by his training or by his
experience. On the other hand, in the interest of moving
forward with this proceeding, if the Board chooses

to follow the practice of allowing Mr. Ford to assist

Mr. Roisman to pose these questions, we think we could

go forward with it,

CHAIRMAN JENSCH: I think one of the problems
that the Commiséion contemplated in a rule of this kind
is to be sure that whatever is undertaken will expedite
the development of relevant information. The interrogation
of witnesses is not necessarily limited to lawyers. I
think, however, that lawyers, from experience, learm to
frame questions which are not argumentative and which
seek facts rather than argument from the witness. There
may be certain techniques that lawyers develop from their
experience which better expedite a hearing.

The Board is not convincéd that Mr. Ford is‘
qualified to be a witness on matters of nuclear engineering,
for instance, but will permit him to undertake cross-
examination for a while to see if some of the problems don't
become worse. If they do not and the parties are not
ébjecting9 we will see if the problem arises specifically.

Therefore, Mr. Ford, you are permitted to interrogate
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witness Moore., Will you proceed.

MR. TROSTEN: In accordance with my understanding
of Mr. Roisman this morning, it is my intention to have
the witness YMoore at this time respond to certain
questions that were raised yesterday.

CHAIRMAN JENSCH: Yes. Will you proceed in
that reépect°

MR, TROSTEN: Would you please, Mr., Moore,
identifj'the poiﬁts in issue by transcriﬁt refersnce
and general subject and then proceed to give your respouse.

MR. MOORE: Yes, sir.

The first question I wiil address is the one
indicated in the tramscript om page 1703 and 1704, 1703,
lines 23 through 25 and 1704, lines 1 through 14,

This refers to a question from Mr. Roisman
regarding the number of rod burst tests that had been
performed. The Westinghouse series of rod burst tests
consisted of a series of single rod burst tests comprising
a.total of about 125 rods which were burst.under various
conditions. These were unirradiated rods. There were
sixteen irradiated single rod burst tests, And the multi-
rod burst tests performed by Westinghouse included a
total of 168 rods which were burst. So this is the total
number of burst rods, over 380, 3%0.

MR, TROSTEN: Would you broceed$ M. Moore, unless
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either Mr. Roisman or the Board questions you with regard
to these particular answers.

DR. FORD: Excuse me. Is it preferred that I
would interrupt now to ask a question on this specific
answexr?

CHAIRMAN JENSCH: It might be advisable if you
would, yes.

DR. FORDﬁ I am not clear when you give the
quantity of.rods as 168, Do you mean that there was a
test méck-up that had 168 rods in it?

MR, MOORE: No. These were multi-rod burst tests
which included, each test run included fourteen rods which
were pressurized and there were a total of twelve tests.

DR, FORD: I see. Thank you.

MR, MOORE: The second point is on page 1689,
lines five through eleven, where in response to a question
»garding the temperature of the fuel rods near the hot
rod I replied that I would expect they were in the range
of 1800 to 2000 degrees Fahrenheit with a peak rod
temperature of 2300 degiees Fahrenheit.

In subsequent checking I found that the rods
immediately adjacent to the hot rod will in fact be within
twenty to thirty degrees of the hot rod. The numbers that
I indicated, the 1800 to 2000, represents the temperature

of the average rod in the assembly which contains the

-




D1~B~M=2 2277

1 hottest rod. I wanted to clarify that point,

. 2 CHATIRMAN JENSCH: Thank vou.
3 MR, MOORE: The final question is found on page

‘ 4 1706 of the transcript beginning at line 10 where
5 Mr. Roisman asked for a census of the zirc-water resction
6 corewide in terms of the percentage of rods affecited and
7 the amount of metal-water reaction assoéiated Qith those
8 rods, And I have a corewide temperature and zirc-water
9 || reaction census for Indian Point-2 for the double-ended
10 cold leg rupture, which gave a peak clad temperature of
11 2300 degrees Fahrenheit, The census was obtained by
32 S§‘litting the reactor core into eight different power

. _ 13 regions and then calculating the temperaturés of each of
14 these power regions with seven axial increments along the
15 length of the rod. 1In doing this calculation then we
6 determined at the end of the transient what the heat clad
17 temperature is in each one of these regions and also
18 the corresponding metal-water reaction that was obtained.
19 : Perhaps the best way to summarize this is to
20 indicate the volume of the core which exceeded a given
21 temperature. With this calculation .17 percent of the
22 core reached a ﬁ:emperatxire greater than 2000 degrees

‘ 23 Fahrenheit. 1.6 percent of the total core, by volume,
24 of total cladding by volume, reached a temperature greater

‘ ' 25 than 1900 degrees. 5.2 percent was greater than 1600 degrees
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and twelve percent was greater than 1400 degrees,

| Now the assumption is made in our analysis that
there is no zirc-water reaction at temperatures below
1800 degrees Fahrenheit and on that basis there are really
only two of these regions which have any zirc-water reaction
whatsoever. The first is the region which includes

the hot spot, and that has a total zirc-water reaction

of 7.5 percent for that small region. And there is a
second region of the same size which sess a total réaction
of 2.1 pexcent metal-water reaction for that region. And
adding those two together we get a corewide metal-water
reaction of less than .05 percent, As indicated im the
testimony yesterday the number for Indian ?oint was lesgs
than .07 and iﬁ fact is closer to .05 percent.

We have evaluated the effect of assuming metal-water
reaction £o occur at all temperatures rather than the
limitation of 1800 degrees and above, and taking this
particular case we obtained seven and a half percent at
the peak, at the hot spot, assuming that there is a zirc-water
reaction, can be a ziré-water reaction at all temperatures
in accovdance with the parabolic rate. There is only a
difference corewide of ,005 percent. That's a trivial
difference, So the assumption of 1800 degrees and aboée

is warranted,

In summary, looking at the census for the core we
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are talking about very limited regions of the core which
actuall participate in a metale-water reaction and a very,

very small fraction of the total zire in the core is

getuall rveactive.,
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MR. TROSTEN: Not now. Do you have a guestion, nr.
forg?

DR, FORD: I have several questions. wy first gues-
tion relates to the inteéxeiatiaﬂships betwsen eight regions
and your calculationg. Do you sglve the system g imultaneocusly
for all eight regions or are these eight distinet caloulations
with your computer code that you are reporting to us?

MR. MOCRE: These are distinct ealculations for each
region,

DR. PORD: 1 see. So £hat z phenomenon such as a
radial flow between the different power regions of the core
is not considered in your caleculations at all?

MEB. MOORE: The calculations are performed using
the ccolant sink temperatures which are cbtained by taking an
enargy balance on the water as it entexs the core. The
temperature rod, the larvgest part of the temperature rod
occurs during adiabatic heat-up. ihere there is no, eséentiailh
no £low in the core., And during the reflood portion of the
transient where the temperature is turned around theve is very
little radial redistridution flow,

DR, FORB: 7T see. Then would you--

CHAIRMAN JENSCH: Excuse me just & minute., I know
vou intended to answer directly as you felt vou could, but are
you akle to answer the question? I think it was radial flow

then is not considered in vour calculation, is that corvect?
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MR, MQOQORE: .That is correct. OCn the basis of a
consideration which says that it is not important.

BkonFGRDz Can you tell me whether there is any
exper imental confirmation of vour contention that radial flow
iz not an important phencmenon?

MR; M@ﬁRE: Yes. For one case our FLECHT results in
a rod bundie showad thet there was very little radial flow.

R, FORD: I seeg' But isn“t‘the'quéstian that we
ars talking about now radial flow over substantial regions
of the core between these eight power xregions, not just radial
flow within a bundie?

MR, MOORE: Rither case,

DR, FORD: Well, I mean doesn’t the bundle wail
prohibiv vradial fiow beyond the bundie?

MR, MOORE: There are no bundle walls in our
reactors.

DR, FORD: No., I am talking about in the FLECHT

MR . WGGREx I am speaking of the iadial flow that
existed within the assembly ih the FLECHT test.

DR, PORD: Right. AaAnd I asked yocu concerning the
experizental confirmation, and you cited the FLECET test, is
that correct? 8o I am talking about simply since the FPLECHT
tost only considered single bundles how can they reiate or

provide information pertaining to a phenomencn involving flow

22863
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Your contention, am I correct, was that there is no
radial flow between the cight cove nodes that you set up, is
that correct? |

MR, MCORE: No. I indicated that the radial fiaw
between assemblies iz swmall,

ﬁR¢ PORD: Right., Pow can vou explain hor a test
which involves no separate vegioms, it's only 2 single bundle,
how this can be relevant to the significanee of radial flow
between regions?

MR, MOORE: Well, because therve is really no
differentiation between assewblies and within assembly in
terms of the rod-to-vod behavier. as vou know, our assemblies
are open lattice asseﬁhiies@ s0 it's very difficult to
discriminate what would happen betwesn assembliies and within
assemicly.

DR, FPORD: ﬁdw in theé PFLECHT tests there are single
bundle tests of ten-by~ten and seven-by-seven, seven reds, is
that correet?

MR, MOORE: %hat is corzect.

bR, FGRBQ in the test apparatus those buadles are
enclosed within a box, iz that correct?

MR, MOORE: 7hat's correct.

BR, FORD: Neow this box as you note dJdoesn’t exist in

the reactor itself. That's what you mean by open iattice, is
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that correct?

MR, MOORE: That'’s corxect.

DR. FORD: So the kind of flow that I am talking about
because of this opan lattice, isn’t this correct that this
can’t be considered an experimental situvation which closes the
whole bundle off completely? |

MR. MOORE: Yes. But I am speaking of the flow
vaiiations within the assewbly that don't hévé anything to do
with the fact that there is a wall avound the assembly,

DR, FORD: Right, Eut I am talking about, am ¥
making myself cleay—.-

CEATRMAN JENSCH: I wonder if it would be helpful
if we used that chart again, that easel or paper, and take a
ne& sheet.and Mr. Moore you probably cquld describe the
difference between the {wo situations. Will you tell us what
you are considering within the box and then depict in a lower
portion of that easel sheet the eight vegions that you had
in mind and as to which I understand the ihterregatcx is saying
are those situations comparable and are they egual.

MR. MOORE: As far as speaking about the FLECHT test
which would have bundles of rods which are within a housing,
and then he is asking what about the situation where I have
many assemblies and he is asking the guestion with respect to
flow redistribution throughout the core and I indicated we

have some data within the FILECHBT test where I am loocking at

e
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flow redistribution between the carious channels for flow
within the bundle of rods where there are differences and
power generation within the rods. I submit that this is some-
what analegous.

I will agree that there is a scaling effect here %o
the situation corewide, for now I am looking at the flow
redistribution between flow channels between rods and aléo
considering all the assewblies in the cere,

CHAIRMAN JENSCH: Can you depict your eight regions
tﬁét yéu ha%é in ﬁind iﬁ that lower circle to refleeé the core?
I understand vou made seven anainQs of eight separate regionsc
Then you can indicate how generally they would be lotated with-
in the core, or 8o you want to take another sheet?

MR, MOORE: Well, there are not speecific geometrical
regions in that the calculation is performed without inter-
action between individual regi&ns,' So if I have a core and I
look at the power distribution in the core and I have a few
assemblies which are eguivalent to the hot spot. Iet's just
say that these assemblies-~-so I have one region in the
analysis which calculates what happens~in these typical

assemblies,
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Then I look at an assembly which is ninety
percent, has a power of ninety percent.

CHAIRMAN JENSCH: Would you show that on a
diagram, too,

MR, MOORE: These could be located, then, in
various parts of the core, and in fact, represent a
total volume of the core of ten percent, So I've got
a region which represents ten percent of the core which
will be redistributed in this manner.

Then I take a region which is eighty percent of

the peak assembly, So I bave, for the hot spot, 1.2 percent

for the ninety percemt of the hot assembly power, this

is ten percent of the core., This is hot assembly. This
is .9 times the hot assembly.

Then I take a region which represents eighty
percent of the hot spot, the hot assembly, and that
represents twenty-three percént of the core.

CHAIRMAR JENSCH: Will you show that in your
core as you depicted that.

MR. MOORE: These regions would tend to be
scattered towards the middie regions. The lower power
regions, as I continue on down here, tend to be in the
outer regions of the éore, The hotter assemblies tend
to be toward the center of the core.

CHAIRMAN JENSCH: To go back to that FLECHT test

v
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diagram, all within a box, do you have the same temperature
distribution in that upper sketch 2z you would for the
core, the heat distributiom?

DR, FORD: Could you identify which FLECHT
report you are referring to?

MR, MOORE: - WCAP-7665, page 2-3.

DR. FORD: 1Is this a proprietary report?

MR. MOORE: No.

CHAI&MAN JENSCH: Proceed.

DR. FORD: The variation in power from rod to
rod for this par?icular set of ten-by-ten test section
was 1.1 down to .95.

CHAIRMANIJENSCH: Can‘you generally indicate
where those were located?

MR, MOORE: Well, the .95 tend to be primarily
in the outer edges with a few in this region, The 1.1
and 1.0s were scattered within the assembly.

CHATRMAN JENSCH: You mean scattered near the
box sides itself?

MR, MOORE: No. fﬁere were some =- There is
one up here at 1.1.

CHAIRMAN JENSCH: Mark that somewhere, please.,

M3, MOORE: 1.1 up here. Then there were 1l.1s
within, The point I was making, the fact there is a

gradient of 1.5 here, a 1.0 and 2 1.1 So I had some
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variation of power within the assembly.

1 doﬁ”t want to overemphasize this particular
aspect. I think @e should go back to the basic physical
sitwvation in response to Mr. Ford's question. We are
talking about the radial flow distribution that you get
during the reflood part of the transient which is of
interest here i@ determining the peak temperature. |

Under this condition, the main pressure drop in
the core is the elevation head. There is very little

frictional pressure losses within the core. There is .

really no large frictional flow redistribution considerations

during the reflbod phase of the transient. The total
pressure drop across the core is about 2 p.s.i. So it
just isn’t a situation which creates large radial flow
redistributions.

CHAIRMAN- JENSCH: Just one fﬁrther question. I
won't interrupt any more.,

It is your thought that the FLECHT test within
that box arrangement is similar enough to the core
distribution of heat you dépicted on the other sheet so
that it obviaﬁes any éénsi&er&tion, significant
consideration of radial flbw; is that correct?

MR, MOORE: That's correct. 1 think it is
corroborative of the basic physical argument. I would

also like to indicate that we are only talking with respect
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to calculating peak temperatures, about a very few assemblies.

As I said, the hot assemblies consist of only 1.2 percent
of the total core #olume,

CHAIRMAN JENSCH: What's the number of rods?
Can you tell us what the 112 percent would be?

MR, MOORE: That would be about 300 and some rods.

CHAIRMAN JENSCH: Out of the total of what?

MR, MOORE: A little less than 40,000.

CHAIRMAN JENSCH: Thank you. Excuse me for
interrupting yogr proceeding, Mr. Ford.

| DR. FORD: I}have a large numﬁer of questions

concerning this deomonstration,

Can you tell me first of all concerning this
FLECHT test, what instrumentation did you use to measure
the flow in different parts of the bundle?

MR, MOORE: We had a -- |

DR, FORDz Could you refer to the page number
of the report, please.

MR, EOORE: Page 3-111 of the FLECHT repozrt,
WCAP-7665. "

It 1nd1cates we had a pressure tap within the

bundle and a pressure tap transducer in the housing wall.

We were measuring the differential pressure between these

two. As plotted in that figure on page 3-111, very little

pressure difference was indicated across the assembly,
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therefore indicating essentially zero, a very small radial

flow.

DR, FORD: These were the only instrumentation
that you had this bundle to determine radial flow; is
that correct?

MR, MOORE: That's correct.

DR. FORD: You didn't have any instrumentation
that determinééxlocal boiling c6nditioﬁé9 did you?

MR, MOORE: Not directly, no. |

| DRQ FORD: Did you have any instrumentation to
detérminéllocéi coolant.velocity?

MRo MOORE: No, we did not .,

DR, FORD: Do you disagree with the statement
made in the QOak Ridge National Laboratory report,
Protection Instrumentatim Systems in nght~wmter°Cooled
Power Reactor Plants, by H, G 0 Brlen and C, ¥, Walker,

ORNL- NSIC-29, published in October 19697 It states, and

I quote from pége.137,v 1 am going to quote the entire

section to make sﬁre‘the context is clear.

MR TROSTEN: Do you wish to have a copy of this
in front of you as Mr, Ford is readlng?

MR, MOORE: He may read it and then I will look
at it, |

DR. FORD: It sayé, "In many instances, plant

variables that must be prevented from reaching safety limits
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cannot be measured directly, and the values of the safety
1limit variables must be inferred from measurements of
other variables. Although neutron and gamma fluxes éaﬁ
be measured as a function of position in the core
(usually in the core coblgnt channels), techniques for
measuring local héaﬁ fiux, cladding temperature, fuel
center-line temperature, 10cél_§oolamt boiling and lbéal
flow ﬁelpcity aie'not preéently available gor in-core use,
The values of safety limit variables such-és these must
theréforé be inferred from other measuremeﬁts, toggther
With_knoén or éséumed_parametérs (groés»seééions, heat
transfer coefficienté, et cetera). We feel that research
and development is needed on methods for difectiy @easuring
the safety variaéles and thus reducing the need,fbr using
the somewhat tenuous chains of irference.™

CHAIRMAN JENSCH: Let him read it. When he has
indicated be has completed reading, you may propoﬁnd the
next question, sir.

MR, MOORE: Yes.

DR, FORD: The queétion is whether you agree or
disagree with that statement.

MR, MOORE: Well, that includes -- 1 would say
I agree in a qualified manner, which I would like to qualify.
That includes a considerable number of measurements,

some much more difficult than others. The main point that
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the author here is making is, I believe, the fact that

he is talking about in-core use. This is a key consideration

in measuring these kinds of variables to have instrumentation

which will stand up under the radiation environment in-core,
and also be of such a type that they do not influence
the reactor performance. So in that sense I would agree.
DR. FORD: Can you indicate what instrumentations
are available to perform tho#e functions outside of the
core? For exam§1e, FLECHT test bundlem. Could you
ﬁéasure.it? It is non-nuciear, so some of the measurements
are irrelevanto But specifically, for local Boiliﬁg
conditions, cladding temperature and local coolant velocityy
do fou have iﬁstrumentation that yaﬁ could have used; that
could have been used on the FLECHT bundle?
MR, MOORE: There is instrumentation to make
local flow measurements. This is really not relevant
to the FLECHT test or to the consideration of whether or

not we have radial flow in the sense that if you can

ascertain that there do not exist large pressure gradients

within the bundle; then you have already demonstrated that
there is not large flow redistribution., So there was no
need in that case to obtain a flow measurément,

DR. FORD: But isn’t the experimental situation =-
Excuse me. Arenst you referring to this as an experimental

confirmation of the fact that there is no radial flow?
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You are not arguing on the basis of postulated pressure
differences?

MR. MOORE: 1I'm sorry. I don't understand that.

DR. FORD: Let me rephrase it, In other words,
the whole point of our discussion of this FLECHT data is
whether or not it provides an experimeﬁtal confirmation
of the existence of radial f£low.

Independent of a pribri considerations about

pressure differential, wouldn’t the point of a relevant

experiment be to measure whether or not there is radial flow?

MR, MOORE: No, not necessarily.
DR, FORD: That isn’t your idea of experimental

confirmation?

MR, MOORE: It is not a necessity to measure

flow directly.
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CHAIRMAN JENSCH: Excuse me. That first part of
the guestion could be answered, T think it was scmething to
this effect: pDid the FLECHT test seek to confirm radial flow
manners ? 'éan you answer that yes or no?

MR. MOGRE: No. It was not primarily designed to
do thaéo

éHﬁIRMRN JENSCH: What was its Primaxy purpose?

MR, ﬁOGREs To determine the heat transfer that you -
dbtainéd using bottom flooding . into a core,

CHAIRMéﬁ JﬁNSCHe vwﬁuld secondéry consi&eraﬁioné.
include radial fldw? |

MR, MIOORE: Yes. That's the reasoh' we installed |
this particular instrumentation. ‘

CHAIRMRN JENSCH: Very well., Will yvou proéeedw

DR, FORD: I see.

Is your theoretical analysis of the radial flow
guestion presented in the FLECHT reports or is this an
integpmetation that you are giving simply on an ad hoc basis
in answer to m&lduestion? |

MR, Mé@%ﬁs The diédussion, the argument concerning
vhy we don't exﬁect radial £low is not exclﬁdéd in the FLECHT
report, |

DR, FORD: Can you explain what the chain of
iﬁference is between your pressure tab measurement and radial

flow phenomena? What information do you have that would
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indicate that the pressure tab would give you certain data if
there were radial flow and give vou other data if there were
not radial flow?

| MR, TROSTEN: May I interrupt the questioning just

at this point? I don't want to interrupt Mr. Ford's train of
thought or the gquestioning, but I want to make this one poim*é:°
We have brought a witness héze~yester&ay in_responsevto one of
Mr. Roisman's qﬁesticns coﬁcegﬁing certain zirc-water reaction,
Be w;s;hrOught here especiall§ for this purpdse, who is
ufgeniiy needed back in the Westinghouse offices as soon as
his ééé%imony is completed today. I would like to inguire of
Mr; férd, if he could, at some convenient time, terminate his
guestioning of Mr. Mgore so that we could get the other
witness' testimony on the record and then resume his ques-
ticning of Mx. Mobreo,

CHA TRMAN JENSCH: Would this be a convenient place
to interrupt your examination or do you desire to propound |
a few more questiﬁns?

ﬁRc)FdRDs Jhere are a lavge number of guestions on
the matter. I éhink I could conveniently defer them to later,
I planned to gé‘through the ﬁranseriﬁtso If T could have

five or ten minutes to put myself in a zivecalloy-water frame

. of mind, I would appreciate it.

CHAIRMAN JENSCH: You are going to interrogate on

zircalloy-water, too: is that correct?
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DR, FORD: The metal-water reaction., That's the
witness, whose convenience we are discussing. Could I have
a few minutes?

CHA IRMAN JENSCH: At this time let's recess and
reconvene in this rocom at 10:05.

A(A short recess is taken.)
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CHAIRMAN'qENSCHs Do you desire to have another
witness available for your examination after this, Counsel?

MR, TROSTEW: Ves, I do, Mr. cﬁairmano

CHAIRMAN JENSCH: Will you call the gentleman,
please.

MR, TROSTEN: I would like Dr. Jack Roll to join
Mr. Moore on the witness stand, please.

éHAIRMAN JENSCH: And he has not been sworn as I
recall,

MR, TROSTEN: That is correcté 

CEATRMAN JENSCH: Dr. Roll, would you stand and
raise your arm,~@lease; |

{Tohn Bernard Roll, sworn.)

CHATRVAN JENSCH: Have a seat, please.

MR, TROSTEN: Dr. Roll, would you please give your
full name.

DR, ROLL: My name is John Bernard rRoll.

MR, TROSTEW: Would you give your business address,

please,

DR, §0LL: We8t1n§§quse_E1§ctric Corporation, Box
355, pittsburgh, Pennsylvania.

MR, TROSTEN: Please descfibe your educational
background. | |

ER. ROLL: Bachelor of Chemical Engineering,

tniversity of Detroit, 1958, ph.D., Chemical Engineering,
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purdue University, 1962.

MR, TROSTEN: Would you please give a statement of
your professional background and experience? |

DR, ROZ;L:__- From 1962 to 1964 I was oﬁ active duty
with the U. S. Army but ¥ signed to the Uniteé States Atqmic
Energy Commission. I was stati&ned at cermantown, Marylaﬁé,
in the Divisioﬁ of’Reactoz,Developmentc From 1964 to the
presént time I héve been with Wéstinghouselﬁiectrie
COrpcmatioh¢l My pfeéent capagi ty is mandger of P@rformance
Ana1y31s in the Engineering Department, Nuciear Fuel Division.

The doings of this group'are.pmimarlly to review
&ata'frém'teSt evaluation pregrams, interpret this data and
model this data and apply it to désign and performanca
analyses of the nucléa? fuel redm Tﬁe group consists of
eight engineers ahﬂ four technicians.

MR, TROSTEN: Thank you, Dr. Roll,

Wow with respect to the question which appears on
the tramscript Page 1720 relating to the zirconium water
reactlan, are you familiar with the question that was raised
by Mr. Roisman yester&ay cancernxng that matter?

DR, ROLL: = Yes, si¥., I reviewed the transcript.

MR, TROSTEN: Would you please comment with regérd
to the qﬁestion raised by lr. Roisman,

DR. ROLL: - T believe the context of the guestion

was that based upon the results reported in the reference
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- ORNL document did we have any reason to re-evaluate our

application, I believe, of the Baker-Just equation to a com-
putation of degrvee of zirc-water reaction, and I believe
that Mr. Moore provided essentially the answer that I would

have provided, that that is no we could not use that single

- data point to re-evaluate or reapply the paker-Just equations.

As pointed out by ¥r. Mocre in yesterday“g pro=
ceedings, the meaéureméntréf ﬁhé exﬁeﬂé_of zirc-water veaction
was in £aét by an inferreé r@ﬁ£é, and there were noséireéfﬁ'
é;asﬁgéments taken, Thefeiwas$é large unﬁertaiﬁty in thé'
geésmfémeﬁt of total hydrogen evolution during the experiﬁéhtu

The subtraction of other known effeéts resulted in
a fifty ﬁer een% uncertainty in the amount of hydregen which
can be asSQGiatéé ox applied with the zirc-water reaction,
and frem this they inferred the two-tenths per cent raw
metal-water reactianw~fhis was then cﬁmparéé; p&esuméblﬁ by
Mr. Roisman, to indicate that perhaps there.was more zirc-
Qa%er reaction here than one WOuid expect based on reported

temperatures.

But however, I pointed out in the Oak Ridge report

“there was not a direct measﬁxement of temperature and they

point out that the effects of thermocouplé effects themsélves
and the power distribution with the bundle it enters vesult in
an uncertainty in the temperatures of the fuel during the

expariment .
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Thexefore, one cannot make a divect inference on
reported ﬁemperatqres and lead yourself to the conclusion
that the extent of zirc-water reaction was higher or ﬁuch
higher than would have been predicted by Baker-suét,

'd like to add fyxther that we have, as a part of
our work, in partieﬁlar unéer the FLECHY program, reviewed the
extent of zircdwater reaction, under what we considered to be
much more representative conditiomns, that is zircalloy eléd
fuel:rods with our particular time and temperature histories
and our partiéuiér coclant content, that is our particulay
wa%er eondltlons, and ¥ bel&eve as repcxte& in the documenza«
tion summavlzed in the FLECHT reports we find very good agree-
ment Wth che Baker-Just equation, and so we believe in SUNMATY
that the =k Ridge repbrt presents & single data point to
germaneness to our specific application must be queséioned
inzsmuch as the data point was not, the test was not run to
substantiate the Baker-Just equation.

And secondly, in summary, the work that we have dene
under the FLECHT program and reported in the FLECHT reports
we believé reaffirms Qur'uselof the Baker-Just equatiocns in
evaluating zirc-vater reaction under our conditions of loss
of coolant accident,

MR, TROSTEN: I have no further direct guestions of

Dr., Roll at this time, Mr., Chaivman.

CHA IRMAN JENSCH: Very well. Intexrvenors, if vou
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desire to proceed, do so, please,

DR, FORD: Yes. The authors of that 0ak Ridge
report ORNIL 4635 contend that it is the most vealistic
simulation of loss of coolant accident conditions to date.
Bo yvou dispute that claim?

CHA mmm JENSCH° | f wondexr if you'd tender to the
witness you wish to questzona

DR, FGRD: Yes, Mr. Roll, please.

CHATRMAN JENSCH: Y¥es. I mean you say the authors
of tﬁé GRNﬁ rep@ét maké a cerfaiﬁ contention. Will you point -
to the report wﬁezein the contention is made.

ISRO FORD: Oh,

CEAIRMAN JENSCH: And tender it to the witness.,

DR, PORD: let's get the reference and then we will
cqme.back to the qﬁestion in 2 few minutes.

Can you descr ibe fhe techniques pf FLECHT measure-
ment of zireaiioy'watea reaction that were used in your
FLECHT tests compared to the technigues used in the ORNL
4365 teosts?

DR, ROLL The measuxements, the technigues which
were used in the CRNL reparted tests were one of measurzng
hydrogen evolution which is a direct result of the chemical
reaction'betweeﬁ zircalloy or Eirconium and water and then
subtracting from this measured hydrogen evolution other

effects, that is the teotal volume of gas im the system during
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the tests, the changing volume of gas due to the over-~
pressurization of the tramnsient itself and them by subtraction
of i:wé relatively large numbers arriving at a smaller number
which they attribute then to hydvogen evolution Quring
the zire-water reaction, and fi'om this they infer then the

total extent of the zire-water reaction. In work which we Gid—-
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DR, FORD: Excuse me, Just in point of
clarification.

In the hydrogen evolution that they subtract
from the total zirc-water used hydrogen as a residuai9
did they consider hydrogen by radiolysis of water?

DR. ROLL: I looked for that specific point
in the report. 1 took a brief scam for veview. I did
not see that poiﬁt noted. They may have., If they did
not, then the calculated result of zirc-water reaction
is on the conservative side,

Let me continue then, The measurement that
we took in evaiuating.the result of our FLECHT test with
regard to extent of zirc=water reaction were in fact
metalographic cross-sections at various enlargements from
which the experienced metalographers can infer mature of
the phases in the cross-section. That is they can determine
the portion of the origimal zircalloy which remains as
original zircalloy. That portion which is oxygen saturated,
that portion which is in fact converted to zirconium oxide.
With these direct measurementé at a number of cross»sections9
one can then calculate explicity the quantity of ziréonium
which has been converted to zirconium dioxide and the
quantity of zirconium which is oxygén saturated from which
you can then determine the total gquantity of zivrconium

which has in fact reacted in some way with the oxygen.
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This was not done on the Oak Ridge test.

DR, FORD: Can you explain what experimental
confirmations there are of the correlation between the
metalographic cross-analysis and cross-measurement of
hydrogen evolution? Is there a topical -- This is the
technique you used in the FLECHT test. 1Is there a
further primary source that confirms this as a reliable
technique?

DR. BOLL: I believe the technique of looking
at zirconium and zirconium oxide is in itself a primary
sovirce of data and need not be substantiated somewhere else.
The questién ig, how do we know what is the extent éf
zirconium and oxygen reaction. The answer is, you know
this by looking at the quantity of zirconivm which has
been converted to zircomium oxide.

DR, FORD: But I mean the phase analysis in
terms of a priori plausibility, as to what you begin with.
In termes of the specific quantitative relationship between
the phage analysis aﬁd the esxtent of the réaction on
prediction of hydrogen. .I will concede that the overallv
plan of gaiag to the metalographic second step im terms
of the analysis is plausible., What I am wondering is
whether this plausibility has been comvincingly confirmed
by experimental analysis, That was my question., 1 am

iocoking for a topical report on the subject.
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DR. ROLL: I fail to see how I can answer this
question to your satisfactiom. The topical reports =-
For e#ample, I refer you to our own FLECHT report and
reproductions of the cross-sections,

DR, FORD: In my context I am looking for a
topical report specifically on the technique of youx
metalographic analysis, 'I know you use it in the FLECHT
reports, describe it in the FLECHT reports . But in terms
of what primary data confirms that as a reliaﬁle thing
to use, I haven’t seen anything., I am just wondering
whether yachaﬁ pﬁovidé a topical report as a reference.

Dé;'ROLL: I could --

DR. FORD: Can you come to it readily?

DR. BROLL: I cannot. It is a basic technique
which is used to identify phases and structures in materials.
It is used iﬁ several placeg, I think the literature on
extensive zirc-water reaction, I can’t pull out a topical
nurmber rvight now. Et.is replete with these kind of
references where it is explicitiy as to the nature and
extent of the zirc-water reaction.

DR. FORD: You can’t say that you ave familiar
with any state of the art survey with regard to the use
of this teéhnique that would support its use?

DR. ROLL: WNo, I can’'t.

DR. FORD: Thank you.
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g | You mention there was a fifty percent uncertainty
‘ 2 in the ORNL-4635 estimate of the hydrogen evolved, and
3 therefore of the extent of metal-water reaction. Have
. 4 you performed a2 statistical amalysis of your own estimate
5 of metal-water reactions, and can you present the various.
& statistical indices of the confidence that we may have
7 ir your estimates? What would be, for exzample, the
8 probability that the 7.5 percent metal-water reéctioﬁ in
) the core hot spot, what would be the p;:obabﬂiﬂ:y against
16 a no hypothesis that it was zerc?
91 DR, ROLL: The probability of our calculated
12 7.5 percent being, in fact, zero -- I believe iz your
' m‘ question. =- is exceedingly low.
14 B DR, FORD: In terms of whether it is 7.5 or 8.5
15 or 6.5, vhat are the confidence limits there? What is
16 the probability that that estimate is 100 percent
17 mistaken, the probabilicy that it is 1/100th of a percent
18 nistaken?
19 DR, ROLL: The wethod of calculation which
20 uses, in our aﬁalyses ~= Not of the FLECHT data but of
2% the application. ’Eo' the loss of coolant accident, uses
22 parabolic rate equations which we believe are on the
23 conservacive side. That is, we may be reaction rate
24 limited by availability of steam or water at the surface, |
‘ 25 The parabolic rate was devived with essentially an infinite
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and complete source of water at the surface of the reaction,

Therefore, our estimate as presented in our analysis of
the loss of coolant accident, would be on the high side,
Is that responsive to your line of questioning?

DR, FORD: Let me try to prefacé wy concern
with statistical questioné with a brief diagram,

Froma statistical point of view, I am talking
in terms of the general scheme here, of having a sét of
experimental data to ﬁhich we wish toffit”éoﬁé'funétion,
Let“s_éuppaaew'througﬁ either just siéple straighecforvard
statiétical analysis of the détas we fitted a line through
the éatag or suppose alternatively that this is the line
predictéd by thé anaiytical models that}we use., We can
say, with reference to the data point, with reference
to the rezatibnship between this predicted line and the
body 6f data, we can compute various statistical indices
wiich say how well this iine represents this data,
Specifically we can measure and integrate over the whole
area what the distamces are between the observations and
the point.

What I am asking you for is, in terms of the
predicted rateé or metal-water reaction, how in this
situation did you relate étatistically the experimental
data tc the curve that you are using?

DR. ROLL: We did mot, for exsy ple, in your
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context, calculate a mean standard of what is predicted
and measured, So I canmnot give you a typical value,

You can relate to the predicted versus measured figure
.in the WCAP. You may look at that yourself,

DR, FORD: What I am looking for --

DR, ROLL: Did I cover the deviation, no,

DR, FORD: Did you calculate the percent of
variance within the experimental'data that is accounted
for by your relationship?

DR. ROLL: No.

DR. FORD: Can vou explain; in ﬁefms of this
diagram, how you make a conservative estimating procedure?
Let we refer to it.

I am assuming here and fitting this main 1iné
to this data; ¢hat I am doing it by usual statistical
techniques; that this particular line, of all possible
lines that could be put through this set of data,
minimizes the potential error. If we wanted to make a
particularly conservative analysisc and if we knew that the
cladding temperéture or the build-up of hydrogen in the
containment was worse if this curve had a particularly
different position, if it was w&rse as this curve moves
down, then we will say what we will do to be conservative
is, we will put this curve below all experimental dsta so

that there is a range in which metal-water reactions might




G2-Wm=4

10

iR

12

13

14

5

16

17

18

19

20

21

22

23

24

28

2303
be small or low, and since there being a small or high,
and since they being high is not ciearly a good thing, we
will assume that they are high, and that that is the

analysis that relates our experimental data to the

~analytic model that we use.

Is this the way in which you conservatively

derive your metal-water reaction rate from the experimental

data?
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DR, ROLL: Tet me refer to WCAP-7665 figures on page

B 20 in particular and on B 23, I think thesz are page

nuEbers .,

13

DR, FORD: Yes, ¥ see them,

BR, ROLL: [ believe the answer to vour qguestion,
does the predicticn, i.e., Baker-Just, go over the top of the
data, I think the answer is @ssenmxably yes, loeklng
particulariy at tho fiogure on Page B 20.

DR, PORD: Excuse me. Are you qivinq the resuit of
a staéistical analysiag? |

PR, ROLL: These are data pointe.

DR, FORD:  Are there any staﬁisticai indiées?

DR. ROLL: I have already said we do nok caloulate
a standard deviation for these data points,

DR, PORD: Well now let me go back here. As I
explained, the conservetive estimating procedure that I have
stexrotyped here, what you would do would be to place the 1imé'
above all existing data points and therefore whatever tﬁe
data indicated you were clearly on the conservative side.

Now as I ook at the diagram here on page B 20
there is data on both sides of the line. The preponderance

of 2 design one side, but nevertheless there is no clear

indication from the diagram that you folleowed the conservative

estimating procedure that I have deseribed schematically here,

iz that ecorrect?
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DR, ROLL: %o support your point, I think your

figure on Page B 20 is germane, that is measured oxide
versus predicted oxide.
DR. FORD: That clearly supports my point,
DR, ROLL: Right. Now fhis is not necessarily a
measure on B20.
DR. F@Rﬁ: 2t me clavify the elliptical remark
for the receord, It clearly supports my poiné that you didn’t

use the censérvative estimating procedure that I described

- here, is that correct? - )

DR, ROLL: I believe‘we can state for the vecord
that the data peints %hieh are :epoxt@d by ourselves in
smppoft of the FLECHT.t&sts where th@ylaré explicit measure-
ments of predicted measurements of eﬁide figureé as compared
to predicted values, all the data points are overpredicted.
That is we are coaservative,

| The figure on Page B 20, i, 2, 3 are on the line
of ?re&iction, and that all the other data points are below
it.

0r perhaps you don't understand, The figure, this
is measured versus predicted and any points whichflil below
the 45 ﬁegree‘line are in fact below the preéigti@no

DR. FORD: VYes, Now of thé variety of lines that
vou éouﬁd draw above the existing data can you justify in

any statistical way the particular line that you 4did pick
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in this instance t¢o implement the general kind of conserva-
tive estimating procedure that I em talking about?

BR, ROLGL: The lime that was picked is the paker-
Just egyuation,

DR. FORD: Yes. But I'm talking gmtis::ﬁi@ny did
you try to find in the data a carrelaﬁioﬁ: éna if_that had,
you knew, more ététietieai eoﬁfid@nee.in that'?han.the Baker -
Just eguation, use that imsteéﬁo |

et wme ask you, to eclarify that questien»w‘

CHAIRMAN JENSCH: Wait a minute, nsw; I wonder if .
vou'd just take one at a time here.

First vou started out by saving, “Did you find the
statistical correlation?”

DR, FORD: Right,

CEAIRMAN JENSCH: YVes or no. Then we will ge on to
the next question;

DR, FORD: My standing question is did you find
any statistical correlation? |

DR, ROLL: And my standing answer was no we did not
determine 2 mean standard deviation.

DR, FORD: You didn‘t lock for one at all?

MR, TROSTEN: pr. Roll, do you understand the
question? If you don‘t understand the guestion--

DR, ROLL: Well, I am not sure what I cam say in

agdition to what I have already =zaid, and I think for me te
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try and continue to paraphrase my answer is not going to
really be respensive, because I have stated what we did., I
have stated here this is data in support of this equation
and ¥ think that zreally is what I should de,

CHATRMAN JENSCH: I think the guestion is y;u might
have done sémething else and he said did you lcok for some
statistical correiation, yes or no?

PR, ROLL: I believe the answer to the guestion is
ne, we did not do a2 statiscticel fit to the Bﬂker;aust
eguations.

. DR, FORD: Can you tell me in general about the
topical ze?oxts that have been sdbmiﬁﬁed in support of the
Applicant‘s license, whether it is the general practice in
terme of feléting expefimental‘déta to analytical models
that you do not éaxform the cummsn.x@uiina sﬁétistie&l
analysis of the data?

MR, TROSTEN: Excuse me, Mr. Chairman., I am not
really certain whether that_qaestien is one that should be
directed to either Tw. Roll oxr to Mr. Moore.

CHATRVMAN JENSCH: Well, I think it is a little
board, but it should be limited to what they did. They can
tell what they did. 1If somebody else has something, call
anpother witness, but I think as far as their work ié con-

cerned, the guestion is proper.

™ all of the work that either Messrs. MoOre OF
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Roll did did they--finish your guestion, if vou will,

DR. FORD: In general have you made it a practice
to compute the routine statistical indices on a data sample
in the process of relating it to your analytical model?

MR, TROSTEN: Mr. Moore, are you in a positica to
respond to that guestion? I believe in view of D Roll‘’s
more limited responsibilities in the licensing avea that it
waﬁlﬂ appear to me that if either of you is in a position %o
answer a guestion of this nature it would be you.

o the other hand, perhaps it should be addressed |,

to ancther witness.
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CHAIRMAN JENSCH: Well, he will know what he
did, I éssumeg and therefore I think if you limit the
question to what he did, and if he doesn't understand the
question or something or it has to be rephrased, I think
he has been on the stand encugh to know that he can say
he doesn’t know.

MR, MOORE: We have many cases --

DR. FORD: BExcuze me, The question was directed

to Mr, Roll, 1 am concerned with -

‘MR, MOORE: But you have asked a broader question

which I feel I should be the one to answer,

CHATRMAN JENSCH: Canm you just answer it yes
cr mo and then explain itc?

MR, MOORE: VYes. We use a statisticel approach
in evalﬁatimg experimental data in developing various
correlations in the course of our analvses, I think
the point here is we are using a gemerally widely accepted
relationship for the determination of the zirc-water
reaction and what we did in this FLECHT report was
indicate that this was in fact conservative because all

of the data points fell below that that would be predicted

with that generally accepted correlation.

So in the specific instance we have no need
to develop amy statisfical representation of the amount

of zircewater reaction.
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You must understénd that when we do these
accident analyses many assumptign are involved in doing
the calculatims and we pick these assumptions in the
direction to give us a conservative answer.

DR. FORD: I'seeu Now can you tell me with
xe@ard to the fart that th;s correlation is Qenerakly
widely accepmd5 can you tell me whv you tather at all if
the correlation is wmdeiy accepted, why do you bother te
relate it to experimental data if you are not golng to
perform statistical analysis of that relationship?

MR, MOORE: We feel that's the prudent thing

PRy

te do, The stati&ticgl evaluation would indicate a margin
of conservatism which we chose not to take credit for.

DR, FORD: Can yvou tell me in terms of your
exposure to experimental science whether the meihodology
which you call prudent is at all typical of practice in
exéerimantal physical science?

MR. MOCRE: All I can speak from is my experience
in the nuclear industry, and I can surely state that the
assumptions that are made in our analyses are very
carefuliy and conservatively derived end in my opinion in
a very prudent manner, yes.

DR. FORD: Well, no. lmy specific question was
the principle which you call prudent was simply taking a

generally’widelycaccepted'correlation,_hut not doing any
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staristical analysis of its relationship to the data.
That's the prirciple that you cail prudent, is that correct?

MR, MOO aﬁ That is not correct. The statement
I made was we take the widely-accepted relationship «-
The'pzu&ent-thimg I mentioned was tec check our own data
against that when the opportunity arose, which was in
conjunction with the FLECHT test.

DR. FORD: Yes. But if you don't do any
statistical analysis what does the check consist in?

MR, MOORE: Mere observation of the figure on
B20 indicates that all of the data falls below the |
pfedigtiono' | | |

DR, FGRD:. Does it indicate that of all poséibﬁe
curves that could be related in a conservative way to
that d&ta'that the curve tﬁat you have éhosen minimizes
all_th@ error? |

MR, MCORE: I am not trying to develop a better
correlation which more accurately predicts the amount of
zirc-water reaction, 1 already have a correlation which
overpredicts the reaction, and therefore I did not choose
to pursue it.

| DR. FORD: I see. Well, as far as that aspect

of the methodology, that concludes my questions.

Now the sécond aspect of the methodology relates'

to simply the range of the experimental dsta that you are
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talking about. While it makes seuse in a limited look

at. the thing to take exlsting data and draw a conservative
eurve in velation to it, what assurance do we have that
you have of all sufficient data such that the range is

representative of the range that actually occurs in the

" phenomena?

For example, if we drew this curve here as a
coenservative estimate of this relationship but in fact we
went to do more experiments and the points marched on -

below that curve, it would turn out on subsequent analysis

;that we hadn’t made a, you know, an ultimately conservative

‘judgment. My question is can you assure us in terms

of the range of data that you have assewbled that your
experiments have covered all of the relevant gituations,

thet they have been performed pavametrically with all of

vthe relevant constraints varied so that we have the full

rangé to which we can relate the prediction, the full
range of experimental data to which we ecan relate the
analytical model?

DR. ROLL: Bear in mind it was not the pufpose
of our experiment to explicitly cover the range of variables
és may be specifically related to the Baker-Just equations,
We éresented this information in support of Raker-Just
and not to derive it. However, work that has been done

in derivation of the equation itself as well as substantiated

3




H2«Bm-5

]

10
71
12
13

14

<
o

17

18

19

20

2

2318
by others, including Westinghouse, has covered a broad
range and continues to show its applicabilicy.

I should refer again to the figure on page B3Q
where we are talking. We have data points in excess of
ten percent, perhaps in excess of twenty percent reaction,
and I believe the predicted numbers veferred to in this
particular application are on tﬁe order of seven and a

half percent. Therefore, we have overcovered that range.
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DR, FORD: What theoretical justification is there
for vegarding that range as a full range relevant in the
exwver imental situwation?

IR, ROLL:s E&gaseo I am not cleayr what you mean by
that. |

DR, FORD: All right. 12t me Ctry again,

what justification is there for the cut-off poinﬁ
that”ﬁen uge in terms of collecﬁing exyﬁrimental data? I
RE2N you 3y ygﬁ heve the cut-4£f point at twénty per cent
metal-water reaetiaﬁ,;fwﬁat justification is there for that |,
;cu?:«off? RO . |
| ﬁkﬁ ROLY.: ’i'&i&h‘t saé?we had 2 cut-0ff point. I
said reports»a

DR, FPORD: Simply in terms of the sample--

CHA JRMAN JENSCH: iet him finish his answer.

I said he is to let you finish vour answer. Proceed.

"DR. ROLL: I merely said these data which we are
xeécxﬁing gover @ range in excess of that calculated for this
specific application, and the range of conditions under wﬁich
these--the range o% conditions in the test itself itself under
which the zive oxide thicknesses came about Were selected to
ﬁe typical of the kinds of coolant temperature and time con-
disions to be expected for the losz of ecolant accident.

DR, FPORD: But what justification do you have for

basing vour analysis of the eguation on simply those dozen
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dates? I mean for example if further experiments were done
that indicated that not very far beyond the bounds at which
you stopped a different statiséical curve would dbe fit to the
data, thea that furtherx expérimental data would completely
change your check on thé cﬁﬁve; that it's 6n1y valid
chviously avex'%his specifie #angew - And what ¥ am wondering

iz what confidence can we have that your range is broad

epowsh So that we need not worry about changes in our

analysis simply based on new experimental data.
DR, ROLL: I believe the conditions of the PLECHT |

experiments, that is coolant flow, time and temperatures,

cover the range of conditionz predicted for this particulay

application., Therefore the range of conditiocns at which we
are dJdetsrmining the zirc oxide reaction cover the range for
thies spacific application.

DR, FQ&D? In 2all of the tests, the PLECHT tests
that provided data for this analysis, were electrically heated
r@ﬂs.used that had their heat source as ap internal filamept
within the rod?

- IR. ROLL: 4%hat‘s correct,

BR., FORD: ¢Can you descyibe how the heat transfer
conditionswithin the rod relate to the extent of metal-water
reactions ?

DR. ROLL: T believe that it in no way affects the

extont of zirce-water reaction. The key parameters are time

v
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at temperature and the source of getting this time at tempera-
ture is net a factor in the extent of reactioxi°
DR, FORD: wWell, is the temperature gradient of the
fuel not & factor in the extent of metal-water reaction?
DR, ROLL: ‘That's correct.
DR. FORD: What evidence have you done with cladding

with different temperature gradients to confirm this?
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DR. ROLL: Now ycu have asked a couple of
questions, You askéd me did the temperature grading
in the fuel affect thé results., I answered negative,
Then you reasked the same question, what evidence do I
have that temperature cladding is not a factor., What
really are.yau asking?

DR. ¥ORD: That is & clear error. I am talking

‘about the temperature grading in the cladding,

DR. ROLL: Imasmuch as the detailed reaction
kﬂnetics of reaction between«zirconium and water is .
partially & diffusion controlled process, certaiﬁly the
ﬁ@mpergtﬁre grading'iﬂ the cladding is going to have
some effect. It has not been quangiﬁie& per se in our
work, bug our work was not directed toward obtaining
detéiled chemical reactioé kinetiés'informationo What our
work was attempied te do was to take our éet of condiﬁions
and gomp&ie them toc the calcuiationé, which.we feel we
have done.-
DR. FORD: Can you teil me what is or what was
the Cemperature gradient in the cladding in the FLECHT tests?
DR. ROLL: 1I'm sorry. I missed your question,
DR. FORD: 1 asked, what was the temperature
gradient in the cladding in the FLECHT tests?
DR. ROLL: The grading should have been on the

order of five or ten degrees from inside-outside .across
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the cladding. This is a rough calculation based on the
power in the test r;d during the time of the FLECHT test.
But whatever it-ﬁ.s2 it will be the same in the FLECHT test
as it is in the reactor inasmuch as the same simulated
fuel rod po@ers were used. That is the power in the rod
in the FLECHT'test are the same as expected in the loss
of coolant acci&emtw- Thérefcre9 the gradiéntS‘are the same,

_DR; FORD: Let me understénd this¢ You are
telling me what iﬁlshauld have been, in general, and
that in addition it should be the same as what was in the |
reactor. You are not teiling me what it was measured
as in either.

DR. RCLL: That is correct, We did not measure
clad o.d. temggrature and clad i.d. temperature. However,
knowing ~- Again, basic materials like zirconium, and
knowing the héat in the rod, omecan then calcﬁlate very
simply the temperature drop across thé cladding.

DR. FORD: Imside the cladding influencing the
ingide temperature of the cladding, there are different
conditions when you use ~- Or is it correct that there
are differenées when you use electrically heated rods
filled with aluminum with no simulation of the gap between
the cladding and the fuel from the situation in the
reactor where you are using cervamic U022 pellets filament

and a gas gap between the cladding and the fuel?
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DR. ROLL: The test was set up with ~- Let me
partially modify my previcus answer. We did have o.d,
thermocouples on the test toc measure the heat transfer
coefficient which was the objéctive of the test, not
explicitly to measure the tem?eratuze drop across the
cladding. But particmiar to your last question, the
heat into the fuel bundle was meagured and the conditions
in and out ;« That is the coolant conditions in and out
was measured; ‘Therefore, the only way the heat could
get from inside the rod to outside the.rod was through
the cladding. It iz not a great exercise o caiculate
the temperature drop across the ciédding,‘

DR. FORD: Excuse me. You indicate that in
order to measure the'tempefature dEOp across the cladding
you had a thermocouple on the cutside cf'thé:ciaddiﬁg,
and po thermocouple on the inside of the cladding?

DR. ROLL: No, I didn't indicate that. I believe
I said that we did have thermocouples on the outside of
the cladding. The objective of the experiment was to

determine the heat transfer coefficients from ciadding to

coolant, Theréfereg we had the thermocouples on the

cutside of the cladding. The objective of the experiment
was not to determine -- Thevefore, we didn’t have numerous

thermocouples on beoth sides of the cladding.

DR, FPORD: I understand the oblectives of the test. |
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I am concerned with the conditions.

This five to ten degree gradient, could you
explain to me, wathematically, how this would be derived
from just the information you were given? I believe it
was claimed it was an obvious kind of thing to calculate.

It isn't to me.

===
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DR, ROLL: We have a piece of cladding or

essentially conside;ed a flat plate for simplicity. There
is an internal temperature and am ocutside temperature.
In simple geometry, the heat transfer, BIU per hour per
sauare is really simply the thermal conductivity of the
material times the temperature difference; i.d. to o.d.
in‘simplﬁ seometry.

How, what we had here was & heat source on the
inside and a heat sink on the outside. By measuring both,
we knew what the heat transfer was. That is the heat
BTU per hour square through the cladding. That's the
qfa term. Thermal conductivity of the material is a basic
property of the material., 8o the temperature drop acréss_
the cladding can be determined from this as q/a divided
by delta k. That's how I said it is a simple calculation.
Is that really what you are after?.

DR, FORD: The diagram was what I was after.
Now I will try to comment on it.

In normal fuel vod there is a gap between the
ceramic uranium dioxide fuel pellet and the fuel cladding.

CHATRMAN JENSCH: If you can get some of your
response vocally, Dr. Roll = I think you were nodding
affirmatively. Say yes so we might clarify the statement.

DR, ROLL: I agree. There ic fuel inside the

cladding.
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CHAIRMAN JENSCH: And the gap?

BR, ROLL: And there is a gap.

DR, FORD: The gap in a reactor, after it hes
undergone some Eurncup into its fuel cycle, there will
be gas in thisz gap. 1Is it correct that the temperature
on the inside of tﬁe fuel pellet is not the same as the
temperature of the inside of.the cladding; that the
gas-heat transfer caefficiené.ia‘an important determinate '
of the temperaturs drbp'betﬁ@en_ﬁefe and here? Simply
in terms of the heat transferlwithin a real fuel rod,
there ig this particﬁl&riy.éignifiéant heat transfer
coefficient relating co the gap.

DR. ROLL: It is correct that the heat transfer
eoafficient in the system vou ave looking at is am important
factor in determining the temperatures of the pellet.

DR. FORD: Since it is the heat and the pellet
being transferred threugﬁ the cladding, the gap is also
important in determining what the temperature of the
claddiﬁg ig?

DR. ROLL: WMot quite correct., We really have
fized this outside temperature and we are calculating
temperature increments as we go through the various thermal
barrviers. Given the flow of heat, this q/a terms and
a sink temperature again -- And the sink temperature

was measuved, and is then a straightforward calculation
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to the internal i.d. temperature of the cladding. The

calculation of tempeéature acrose this gap and into”this
heat socurce, be it a fuel pellet or an electrically’heated
heater of some sort, ;his ig a significant facicbro
However, we are not really_lcuking at this portion, This
is a source-rof héat whiéﬁ isxknown and determined, We
are looking at the conditions acress the cladding., The
conditions across the cladding are not really deteﬁmined
by the temperature of the simulated fuel inside the
test rod,

DR. FORD: Why are you going from the heat?
In terms of tracing heat flow, why are you going backwards
from the heat sink into the fuel? The heat flows thﬁough
the éﬁei or heat source over the gap through the cladding
and into the heat sink. Se that functionally speaking,
the éempeﬁature of the cladding in the first ims tance,
the primary source making the temperature is the heat
transfer from the fuel. Isa't the fuel and the reactor
used to generate the heat?

DR. ROLL: That’s correct, but the temperatures
in the cladding'are not determined by the temperature
of the fuel,

DR, FORD: Have you determined, in your computer
code analysis, when you postulate the geometry and heat

transfer conditioas of the typical rod you consider, what
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heat transfer coefficient you assumed, if any, if you
considered it at all, for the gas in the gap?

DR, ROLL: I believe this is in Mr, Moore's

MR, TROSTEN: ﬁay I interrupt just a moment?
My . Chairman, I'm sorry for the conference taking place
during the discussion, but the reason whylwe have been
doing thig is tha: it appearS'apparent to us that some of
the‘questians that are being iaised are of a some&hat '
genéral nature which really are more appropriately answered

Qby another witness. They are really beyond the séope
i

" of the direct testimony offered by Dr. Roil.

I think from the standpoint of Mr. Ford®s inquiry
and from the stamdpoint of the public who are prusent here
in this room, and perhaps for the Board, it would be
prefercble that if we were to add another witness'to the
panel who would be in 2 better position, I bélieveg to
respond more quickly and more expeditiously to the questions
béing raised, 1t might be helpful.

CHAIRMAN JENSCH: I think you can select any
witness that will assist in this regard., I thougbt
Dr. Roll was doing a real good job myself.

MR, TRGSTEN: I think he 15 doing a fine job, too.

CHATRMAN JENSCH: He is explaining what has been u

undergone. I don't know if his answers are as good as the
&

o
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explenations, but -=

MR. TROSTEN: 1 think he is doing a fine job, too,
It is just a matter of not the answers that he is giving
but: the nature of the quegticns that arc being raised,
it seems to me, that it.wn&l& Ee-pref@rabie that ws put
ancther witness on. 1 would like at t¢his time to ask
Mr. Wiesemann te join the panel there.

DR. FORD: Excuse me.

MR, BRIGGS: While Mr, Wiesemann is putting
his chair up here, maybe Mr, Ford could tell ue what the ,
ipnﬁné is that he is trying to make.
. DR. FORD: I was just going to attempt cthat. In
my eariier questioning when I began consideriné the gradient
within the fuel cladding, Dr. Roll answered in the _A
affirmative to my question as to whether the temperamﬁre
gradient in the cladding would have an influence on the
extent of metal-water reaction., The point of my line of
questioning has been to sege how the heat transfer conditions,
as simulated by electricaily heated rods, how they relate
to the éemperature gradients of tlecladding in the reactor
and how you are ca@able, without siwulating the gap in
Eetween ceramic pellets of the cladding, wherein you kaow
it has a very significant determinate of the heat transfer
of the whole fuel pellet from the center ocut to the edge.

We know that. I would like o know how, when vou don't
P v

B
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simulate that, you can correctiy analyze what the interual
temperature would be of the fugl cladding.

As a follow-up to the affirmative answer tchat
this gradient makes a differencg, I'd like to proceed with
this whole line. |

- I am further not. too angious to try to frame
my questions for.three different apprqachesq My feeling
was that Dr. Roll was wgthoutAobjection technically,
giving the inférmaticﬁ.that'I'wantede My feeling 1s that
since this pertaims t¢ ihe metallurgical phenomena which
ghe héé cpémed up, I think it would certaigiy confuse me
f@md not confuse mﬁttera to substitute witnesses at this
point. I realize that the interrelationships of varicus
phenomena within the accident situation are such that |
we can have 2 man for every variable. But I think a little
bit of sythesizing st this point would be useful.

MR, ?ROSTEN: Mr, Chairman -

MR, BRIGGS: Excuse me just a moment. It would
kelp me to know, are you familiar with heat transfer
c&léulation$?

DR, FORD: I have studied very carefully the
entire FLECHT fuel rod simulation of an actual heat rod.
That’s why I am so interested in the gas gap coefficient
and what problems result from the lack of simulation of

that. I think that I can claim at least very substantial
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presumptive grounds, personally, for the investigation
that I am doing., Although it is quite clear to me that
basic theory inedepth I cannot fathom.

| MR, WIESEMANN: Excuse me, In listening to
some of the questions, I have detected a couple of
questions which inéicate'perhaps a.fundameﬁtal lack of
understéﬁding of a couple of things Whiéh perhaps if I
explained ﬁﬁém Mr. Ford woﬁld be able to nunderstand how
we arrive at the delia T without considering the coﬁdition
of the gap and whether or ﬁ@t we have the pellets.

CHATRMAN JENSCH: Proceed.
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MR, WIRSEMANW: First of all, the question you
raised was you didn't understand why Dr. Roll seemed to be
wemking from the outside back to the insi&e vhen the heat was
caning from the inside.

If we take & situation where this exists where there
iz no heat heing generated, all of the temperatures or all of
the ecnmponents, whatever they are, arxe uniform. When you turn
the heat souvce on, the Eeat beging ¢o rise internally. As
the temperature rises internally, heait begins to be trans-
ferred. 9The transfer of heat is 2 function of the teﬁperatuxe

gradient across the assemblage. However, st any pvoint in

time at any given temperature gradient, the amount of heat

flowing from the surface of the fuel, or whatever heatin§
element is used, through this system is the same through each’
portion.

If it were not the same, or, in other words, if
there were less heat being transmitted through the cladding
than were being transmitted from the fuel, the temperature
would rise, If tﬁere was nore heat being transmitted through
the cladding than through the fuel, the temperature would
dyrop.,

| &0 that when we come té ah equilibéium condition,
we have}the situation where tﬁe total amount of heat being
generataed in the fuel is also being transmitted through the

clad gap.




I3we2

10

13

12

13

14

35

16

§7

18

18

20

21

2z

2334

Going back to your guestion about working backwards,
if.you knew the tempefature of a fiuid, the external porticn
ox this‘heat sink, &s you call it, that you can calculate
backwa:ﬁfknawing the total amount of heat that is generated.
You ean ealculate backwards and get the temperatures at any.
poimﬁ along here. Also, you can take any single element in~

volwed here, and knowing the total amount of heat that is

being transferred through this expression, this one here or

this one that you cheese, you can calculate the difference

in temperature between these two points, You caﬂ;t determine,
thé absolute temperature. You need a measurement of a
tempeéatureato get the absolute temperature of thegé two
points.

r. Roll, or Dr. Roll, was trving to explain to you
that the temperature gradient here is the functicm of heat
that is generated in the fuel because that heat is being
transferred through the cladding. That‘’s a fundamental law
of conservation of energy and continuity that leads to this
conclusion that what goes in has to come out on the other side.
G&herwise.ycu do not have a steady state situation.

Boes that help explain?

DR, PORD: I know what goes in must come out. I am
just trying to ascertain whether you have any direct measure-
ments that indicate thet what goes in and ogut on your

simulated fuel rod goes in and out--whether it does this in
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CHAIRMAN JENSCH: Ietfs stop right there. That'’s
really the nub of your whole inguiry. Can either gentlemen
volunteer, Would you lLike to direct the guestion to which
ene? or. Roll is sitting on this side, Would you like to
+ry him first? |

DR, FORD: Yes.

CHAIRMAN JENSCH: Dr. Roll, please,

IR. ROLL,: In answer to the qguestion of whether we
have direct experimental evidence what goes im and out in ouzr
t@g%@ are the same as what goes in and out in the fuel in the
reactor, éhé answer to that question is no. However, we again
revert to the fairly straightforward calculation that both
myself and Mr. Wicsemann attempted to discuss, that if you
knewTYGur source term, your heat source term in units of heat
Flew pev aresa, and you know the basic properties in the
meterial, it is a relatively simply calculation to determine
tge temperature gradients through the cladding. That really
is what we are interested in, That really is what I beliéve
the line of guestioning is meant to characterize.

DR. PFORD: Can vou explain to me why some of the
analytical models for amalyzing the cere heat-up, why they
kexpiicizly simulate the gap betweenlthe cladding and the

fuel, and why they explicitly simulate changes in the gap

between the cladding and the fuel during the course of a
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nee the stored heat in the fuel, which then must be removed

" early in transient. The gap conductants later in the transient

;Little temperature difference between the twe, because the

1
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power levels are very low. The reactor has been shut down.

vtr@ﬁsferxed through the clad is very small and therefore the

2336
iose of coslant accident? -

Mr, MOORE: In the course of the loss of coolant

Aetermining the initiai’temperature of the fuel so that we

when we are- in the period of adiabatic heat-up, and this is
the point in time vhere we are getting the metal water re-
action, the gap conductants is really not important because

the cladding and the fuel are heating up together with'very

and it is under these cenditions that we are talking about

ealeulating metal-water reactions where the total heat

gradients are very small throughout the fuel pellet.

BR. PORD: Well now, can you tell me do the
W@$ﬁimgh6use codes expliéitly simulate the gap between the
eladding and the fuel?

MR, MOORE: Yes,

' DR, FORD: Do they assume that the gas in that gap,
éhe heat tronsfer coefficient--

MR, MOORE: Do we assume a heat transfer coefficient:
Ié that the cuestion. .

DR, PORD: Yas.

2
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MR, MOORE: Yes.

DR, FORD: can'you fell me is that heat ﬁraﬁsfer
coefficient the same on differené axial levels of the rod or
are they different? |

MR; MOORE: NO. The gap coefficiént_varies de-
pending ocn the power level in the red.

DR, FORD: Now if the gap‘close& iﬁ‘a eazlier
porticn of the transient, would this bring about‘a much
greater increase in fﬁel:rod meximum cladding temperature

than if the gap were preserved in its usual form throughout

‘the transient ?

MR, MOORE: Not necessarily, no.

DR, FORD: Well, what analysis have you done, what

\

sensitivity anaiysis have you done, to relate the maximum

. elad temperature to this particular variable, to both the

size of the gap and its heat transfer coefficient?

MR. MOORE: We have looked at the effect of an
initial gap which is as I mentioned earlier primarily and
effect on stored energy. So that we tend to overpredict
the emount of stored energy. And then we have looked at
sengsitivity studies to assign gap coefficients which tend
to get the heat out of the fuel, to the cladding, at the
worst time with respect to the transient.

DR. FORD: No, no. E«plicitly in terms of what

assumption de you make about the gap that overpredicts,
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R ' - MR, MOORE: I &qn't have the exact numbers right
2 || here, I would have to get them. There is an initial gap
3 camduc@ant asgumed and that later in the transient & reduced
4 gap eoﬁéﬁctant is assumed.
5 bRu FORD: well, the initial one being higher, does
5 that mean that the heat transfer is greater, and that con-
7 || tributes to re&istributing the stoﬁeﬂ thermal energy moxre
8 guickly than if you assumed Ehé iower one first?' How is that
] censetvativeé
10 . - ﬁR; MQ@RE# well, I am not going to assume a very )
X glawp very unrealistic gap cenductance at'the veginning of é
12 - :traﬁSientc
13 DR, FORD: ﬁell, bﬁt explain to ﬁe how vou have
14 done this conservatively? According to your statement you
35 estimated that the heat transfer for the gap is high early
16 and low later.
17 MR, MOORE: Higher earlier and lower later.
18 DR. FORD: Wér later,
19 : | Now on vhat grounds do you claim that the specific
20 quantitative estimate, that you claim that that is con-
21 || servative? If'it were lower earlier, ¥ mean, or if it's
22 éimply lwver than the number you choose, that would increasec
23 or delay the removal of store thermal emergy., is that correct?
24 MR, MOORE: I am sorry. I missed the qhestion? ‘
28 | CHAIRMAN JENSCH: Let‘’s take the first ome. Why

|
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is the assumption of a higher, whatever the word is hére,
coefficient--
DR, FORD: Heat trénsfer coefficient.,
CHAIRMAN JENSCH: --more conservative?
MR, MOCRE: The assumption of a higher heat transfer
coefficient at the beginning of a transient is not conserva- |

tive per se. The coefficient that’s used iz a low value

considering the actual operating conditions of the fuel and

cladding. In other words, we at the beginning of the transient
underpredict the gap cbnéuetants such that the'store& enexrgy ,
teﬁds to be higher. Emtlthen it makes sense later in the
transient for this gap condmctaﬁté to.be reduced.

DR, PORD: Ro¥ does éhe assumed heat transfexr co-
efficient for thé gap;duriﬁg the early stages of the accident,
how does that relate to the normal heat transfer coefficient
for ¢the gap? |

MR,lEOGﬁE: It is lower.

DR. FORD: By about what fraction?

MR, MOORE: T don‘t have that figure here.

PR, FORD: 1Is it ten per cgnt lower, fifteen per
cent lower? Do you have any idea what the order of
magnitude is that we are talking about?

CEATRMAN JENSCH: ®He is pausing. I wonder would it
serve your purpese to get the exact figure at a later time

and proceed in the record?
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DR, FORD: Yes, it would.

CHAIRMAN JENSCH: Proceed on that basis,

Would you do that. =

Mkammmﬁszm,

DR, FORD: £an yqu set forth the experimental daca

that you rely upon, perhaps when you present the'coeffieieﬁt

iteelf, the experimental data that you relylupon to demonstrate

in the_statigtical analysis that it is indeed a consexrvative
statement for this coefficient?

MR, MG@E: Yes, . )

DR, Fﬁkﬁ: If you ¢an preseht that,

‘Now back to the whole thrust of this line of
questioning. I8 it 2 true statement that if yvou assumed a
very low, a much lower heat transfer coefficient for the
gap than you do now in the early stages of the aceident, is
it true that this would result in much higher temperature
for the cladding and wmuch metal-water reaction?

MR, QOOREs The results are sensitive to gap

conductance, So if I had very low gap conductances, yes, I

CHAIRMAW JENSCH: Higher temperatures at the
cladding would result in a éreater metal-water reaption. is
that correct?

MR, MOORE: That's correct.

DR, FORD: By very sensitive what do you mean in

b
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a guantitative way? What per cent change in the heat transfer

coefficient to the gap. What would be the per cent change of
maxinum cladding temperature that would accompany that?

MR, MOORE: I would prefer to give you those figures
when I get the exact figures for conductances that'’s used in
the analysis.

MR, FORD: Well, can you?

MR, MOORE: I am not recalling from memory what the
results of ﬁﬁe parametef.studies, the seasitivity studies,
actually were., | » | | ;
—_— MR, FGRD: I a{hink »tﬁénif the basic data on the
sensiéiviﬁy Qill come at a'iater point I'wiil conclude now
our questiéns'with regardttélthé éiﬁilitude'of the fuel rod,
simulated fuel rod heaé téagsfezt to actuai fuel rod heat
transfer.

| We do have additional qﬁestions on metal-water
reactions, theough.

The interim policy statement of the Atomic Energy
Commission published on June 29%th on Bmergency Coxe CQoiihg

Systems noted that the fuel element cladding temperature of

i 2300 degrees "has been chosen on the basis of available data

on erbrittlement and possible ssubsequent shattering of the
cladding.®

That's Section 4 of the Interim policy Statement,

paragraph A 1.
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1 ' CEAIRMAN JENSCH: Now I notice Applicant's counsel
2 has handed a document to ﬁﬁe witness to let him read it

3 | befm;fe you propound your quest‘ionw

4 , ) DR,. FCRD: 0ho«>
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MR: WIESEMANN: What was the question?

DR. FORD: I was just calling vyour atteﬁtion
to that statement about which I was going to ask you a
number of questions., The first quastion conéerns or is
why is cladding embrittlement a feleﬁant criteria for
determining the maximum}clad temperature during the loss
of coolant accident? | |

MR. TROSTEN: Mr. Cﬁaifman,‘it seems o me
that a question of this sort feally bmghi to be directed
to tﬁe witness from the Atomic Energy Commission Staff,
5At-spme'point during the course of the hgaring if the
question haé'ﬁeeﬁ‘diréctgd to the Staff and Mr. Roisman
wishes to ask for the Applicant’s witness® comments on
whaé the Staff has taid or’comﬁenﬁs on the criteria
generally we might not have an§ objeétion to that. But
I think questions generally directeﬁ to why the criteria
are what they ave and whether they are valid and Questions
of that general sort really should be directed‘tg the
witness for the Regulatory Staff.

'CHAIRMAN JENSCH: Well, I think it is a question
of semantics héreq I think under the analysis that
Applicant’s Counsel hés propéundéd that questions in that
regard were not to the Staff but perhaps as I understand
this question it is to these gentlemen Whp are in the

nuclear industry, and I understand he is seeking to find
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out éomething as to what would be the available data

in theie understanding,'why is 2300 a significant
cladding temperature consideration. I inferred from the
question that he was seeking some data from these witnesses
as to their understanding of what it is., These witnessss
can’t speak for the Commission, of course.

DR. FORD: 1It's our uﬁderstamding that the

development of the interim criteria; in the development

of the interim criteria the Commission solicited and received

the assistance of the major reactor vendors, that they /

; supplied information in terms of their experimental

| programs. They conducted computer code calculations

and sensitivity'analysis for the Commission and so it’s
our feeling that the reactor vendors are in a vary good
position té explain, to make a contribution to the
explanation of the criteria, and to clarify the experimental
support for the criteria.

And since in addition the computer codes of
cburse mentioned in the criteria, the Westinghouse céde,
1s proprietary material, and there is no way =- The |

Commission itself is not in a position under its disclosure

regulations to simply release this proprietary material,

so there is no other way except asking the vendors on

this aspect of the interim policy statements, asking them

germane guestions,
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CHAIRMAN JENSCH: Has that cleared that up?
MR. TROST&N: To this degree, Mr. Chairman,
Applicant’s Counsel has no objection to the witnesses
for the Applicant respaﬂdihg as technical experts on
matters pertaining to the intérim acceptance crite:ia or
on the Westinghouse evéluétion model, .

CHATRMAY JENSCH: I think the question should

‘be uﬁderstood-i@-the context you have just stated and on

that basis the witness can consider the matter. Can you
do that, please:' o |
De you have the question before you, Mr, Moore?
MR, M@ORE: It might be well if the question
weré repeated, -
CHAIRMAN JENSCH: Restate it, please, if you will.
DR, FORD: Could the Reporter read the question
back, please.
(The pending question is read by the Reporter.)
CHAIRMAN JENSCH: Can you handle that, Mr. Moore?
DR,;FORD: The question was as I wanted to say§.
why was the clad ewmbrittlement the relevant criteries,
not just a relevant criteria?
MR, MOORE: 1In determining maximum temperature?
DR. FORD: That's correct.
MR. MOORE: Well, clad embrittlement is, of

course, of interest because we want to be sure that the
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cladding is‘maintained in a way that we can insure a
coolable geometzy iﬁ the core. So we want to preclude
exbrittiement whiéh c@uid haQe the potential fo: causing
shattering of the cladding. | |

This embrittlement limit has then been related
back tr an allowable péakrtempér#tufe.

| ER. FORD: My question'is more general., It is
why in tems of all of the phencmena that could go on
in thie loss of coolant accident, that is functionally
related to maximém clad temperature, why is embrittiement
suggésted as Egg relevant criteria? I mean for example,
why is not thé'threshoid level for the onset of changes
‘n core geometry, why is that not fed as the relevant
cemservative place for maximum clad temperature, which
woild be at 1600 degrees?

MR. MOORE: Well, I cam only state my judgment,
that's really an Atomic Energy Commission 1limit, but ==

DR, FORD: Well, let me clarify.

CHAIRMAN JENSCH: Let him finish his answer.

DR. FORD: Okay, I am sorry.

MR, MOGRE: .Ié order to show that we can
tolerate this highly unlikely event, which is this
domble»endedArupture of primary system piping, our main
requirement is to ensure that we can continue £o cool

the core. 1t is not one of trying to maintain the core
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within limits that, for example, would allow you to
return to operatibn; This is a highly unlikely situation.
So the design basis is to ensure public health and safety
by ensuring ourselves that we can continue to cooi the
coze,

DR. FORD: ‘Yes, but why do you consider the

onset of embrittlement as a more impovtant factor in your

ability to maintain the core in a coolable configuration?

Why do you waintain that as more important than simply
the general cnset at about 1600 degrees of major change
in core geemetry?

| MR@'MﬂﬁkE: It's not a Qﬁeétibn of it being
more important. It's just in our jﬁdgment this represents
a reasonable limit which does ensure the fact that you
can cool the core?

DR. FORD: Well now, if thé threshold level

defining major changes in the omset of core geometry were
chosen as the basic reason for maximum clad temperature,

then is it correct that instead of a 2300 degree max clad

. chosen on ewbrittlement consideration we would have

something like a 1600 degree max clad chosen on the basis
of changing core geometry,

MR, M@ORE: i indicated we want to ensure a
coolable geometry, not the fact that geometry cannot change.,

DR, FORD: Well now, with reference to what
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constitutes a coolable.geometry, you obviocously believe
that a badly damaged core, from embrittlement, would no
longer be, or you couldn’t guarantee that it would be
coolable, But do you contend that you can guarantee that
a core that is simply badly damaged from rod swelling
and so forth, you can guarantee under all the conditions
that might be postulated; all the range of gas pressures,
.internai pressureéﬁ the heating rates, can you guarantee
without scientific qualification that these kinds of

changes in core geometry won't interfere with your

.ability to efféctively’turn'around the temperature

‘transient for a LOCA?

MR. MOORE: I must say that's a very hroaa
question. With respect to the Indian Point reactor and the
conditions that are postulated for the initiation of the
accident and the conditions that are calculated subsequent
to the accident, yes, the core is in a coolable geometry,
and this has been corroborated by extensive amount of
experiment&@i&n with these geometries,

DR, FORD: Yes, but ==

CHAIRMAN JENSCH: E=xcuse ﬁe, I wonder if you
could go back to the question. I think the connections
that hé is propounding may be different than those you
had postulated,

DR, FORD: 1 was specifically trying to be quite
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general. T am talking about all of the conditions that
you might postulate under s range of internal gas pressures
going from approximately fifty psi to 2000 psi for the rods
over a range of internal heating rates during the heat-up
going from a range of five degrees Fahrenheit a second to
a 100 degrees Fahrenheit = second. These are the
experiﬁental conditions that are being used in the current
research on fuel rod variances and core geometry changes.

What I am asking about, over that whole range
it’s one thing for what specific pressures or heating rates
that you selected are; whether you can do it in that
circgmst&nce, but I'm asking over the whole range of
influential, importantly influential conditions, whether
you can guarantee that this emergency core éooling system
will be able to function effectively and turn around a
temperature increase.

. MOORE: The answer to that is yes for these
ranges that you are talking about, as long as they are
ranges within the expectation of the operation of this
Yeactor,

‘DR; FORD: I see. HNow do you challenge the
ranges that are currently used in research on geometry
changes in pressurized water reactors, namely the ranges
that I indicated of betwe@q fifcy psi to 2600 psi internal

rod pressure and from heating rates from forty-five degrees

s
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Fahrenheit to 100 degrees Fahrenheit per second? Ié
that range unreasonable to you?

MRe MOORE: No.

DR. FORD: Now within that range can you present
experiments over that entiré'range? I believe there were
168 burst tests. Can you tell me what range of pressures
were tested thefe? - |

| MR, MOORE: Table I in WCAP-7379-L I am tooking
at indicates a == |

o ffMR, ROISMAN: Did you say Volume I? -
1 ‘MR, MOORE: Volume I.

MR. R@ISM&&: Mr, Chairman; we have a Volume I
here of ﬁhat report which I gather is normally proprietary.
We got a ncnapchrietary version with the numbers crossed
off.

MR, MOORE: Table I. Are Table I and Table II
in the report?

MR. ROISMAN: I am not sure the Tables are
attached,

Let me see.

MR, MOORE: Page 9.

MR. ROISMAN: Pages 9, 10, 11, 12 gnd 13 were
deleted from ocur copy.

i CHAIRMAN JENSCH: If we took a recess you could

confer as to whether there is a release of proprietary
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information possible. At this time let us recess to

reconvene in this room at 11:50.

(A brief recess is taken.)
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CHA IRMAN JENSCH: Please come to order.

Intervenors’® interrogator, ready to proceed? will
vov do so, please? |

DR, FORD: Just to.begin with the:repcrt on the
discussion between the Intexrvenors and Applicants,'we are going
to arrange to sign agreements covering my access to proprietary
material, BRut I have some genéral guestions abcut the natﬁre
of the tests that I think cam be answered, If it is at all
proprietary material--I don't knew what is proprietary or not,
-~then ¥ will atbﬁ it and defer it to later. |

CHA IRMAN JENSCH: Wwery well. proceed.

DR, FbRD: Are the tests that you have performed
over the various ranges of internal pressures and so forth,
are they all single-rod tests or doc you ha#e bundle tests as
well?

DR. ROLL: We conducted both types of tests. ‘The
simg1e=rqd tests reported in the WCAP 7379 reports and the
multi-reports as reported in WCAP 7495 reports.

DR. FORD: And thé multi-rod tests are the onés.
that are the pioprietary ones: is that correct?

DR, ROLL: Both tests reports are proprietary. You
have a wvolume 1. '

DR, FORD: I have a non-proprietary part. I have a
proprietary class 3, which means non proprietary.

DR. ROLL: That's volume 2 of 7379. That work was
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2253 _?:
conducted under AEC contract and was released as a public
deocument., |

DR. FORD: On the type of heating that was done, is
it a correct statement that all of the singleércﬂ tests used
induction heating rather than internal filaments?

DR, ROLL: WNo. It is not, bur singie;roé test_ﬁsed
radiant heating, not induction heating. Tﬁe multi-rod test
did use the rods themselves as the heater element. We did not
have an internal heater.

DR. FORD: Electric filaments? ,

| Dk, Rdﬁﬁs No. We used electrical resi#tance of the
rads %hemselvesw

DR, FORD: Is the material gnveraing such things,

for example, as the temperature coefficient of electrical

mation?

DR, ROLL: No. That'’s general available information.

BR. FORD: Dpoes the zircalloy cladding of a high
temperature coefficient of electrical resistivity?

DR, ROLL: The coefficient of electrical resistivity
for zircalloy is adequate ié get the heating rates needed for
the purposes, which were practical, |

DR. FORD: I am asking for an additioﬁal parameterxr

about the expariment. namely, whether or not it has a high

tenperature coefficient of electrical resistiwvity, whatever its
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i adequacies in other respects are,
. 2 DR, ROLL: It has a temperature coefficient of
| 3 |lresistivity which we were aware of and used in des igining the
‘ 4 rods, I don‘t know what context you are asking the question,
5 high. |
6 DR. FCGRD: Are you aware of the phenomens that will
7 result if it had as molyddenum filaments had?
8 i DR, RGLL: Yes. We did not experience that
? phenocmena . - |
10 . o " DR. FORD: You didn't eizperienee any? What wag the
81 {power differénée axia.l. 'ievéls? You didn't get any power shifisi?
12 ﬁas %.t.ah'y céoe.fflic.%.enﬁ of electrical resistivity at all? tThen
' 13 you sould get a féedback,,
14 DR. ROLL: We were concerned primarily with degrees .|
5 per second.  We did cal'ibra’c@ "ché experiment so that we knew
16 for given power input to the téi‘:al test bundle in the
17 molyddenum rod tests, and we could then, by .experiment,
i8 determine what pover input was needed to -ge"ik: to degrees per
19 second that was germane to the test.
20 | DR, FORD: I appreciatg tﬁat, but that’s not
21 responsive, I am concerned with wheéhef br not, on different
. 22 axial levels of the bundle, you experienced increases in
23 temperature due to the temperature coefficient of resistivity
. 24 of the cladding.
25 DR. ROLL: Of course.
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_DR, FORD: Fine., What was the magnitude of that

power shifting?

DR, ROLL: I didn’t say we got power shifting,
You asked a queStién, did_We get'increases in temperature due ;
to the thermal cocfficient of resistivity., I answered in the
affirmative. I didn’t éay'WQ goﬁ power shifting.

CHATRMAN JENSCH: Let him answer.

DR, kOLL: I know what you are seekin§¢ I believe
there were saﬁe difficulties, experimental difficulties in
other tests in the FLECHT program, not our own, relating to ,
the change in resistance of the heaters with the temperature,
They got some résults which they later said were ﬂcé relevant.
They had problems determining the results because of that.,
We calibrated our experi&ento We calibrated our test rods
so we knew what kind of axial temperature grading we were
getting during our tests for our set of test conditions,

MR, FORD: I know it is all calibrated and
determined. What I am concerned to determinme is the way ;n
which it.is calibrated, how that relates to the differences,
the axial differences in temperature, and how this relates
to ﬁetaiswater reaction, how it relates to swelling, how it
relates to embrittlement, and so forth,

CHAIRMAN JENSCH: What is your questicn?

DR, FORD: fThere was a comment to explain why--the

comment ig ‘to provide a statistical, if you will, comparison
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of between the axial power levels of the test rods and the
axial power levels bf,temperature differences along that you
expect or have good reason>to expect in a reactor dQuring

transients, heat-up transients.

DR, ROLL: IAt’s try it again.
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CHAIRMAN JENSCH: Wait a minute. I think
sometimes the questién gets a little long because you are
explaining why you are asking it. Do you have any
statistical «= | |

DRQ FG@D: Comparison of the axial power levels
of your test rods bersus the axial power levels of honest-
to«goodnesé rods &ﬁring a loss of coolant?

DR. ROLL: My answer is, no, we do not., 1I°d
like to append that answer by saying, the éower level in
thesé expéxﬁﬁemts are not germane., Power level is not
gefﬁane.

DR, FORD° Doesn’t the local increase in pover
level feed back mechanzsms that result from any positive.
temperature coefficient of resistivity, and doesn't that
cause power shifting? It is a question of the magnitude
that you may want to say is insignificant, 1Isn't that
the whole reason why we are concerned with what the
coefficients of resistivity are?

DR, ROLL: I'd like to try to remake the point

. that power per se is not the important parameter here.

We are trying to simulate in rate of ﬁéat»ups that is
degrees per second. That is what we felt was the important
parameter that was the parameter that was measured. 1T
believe our ability to measure this parameter and report

it is contained in the documentation.
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DR. FORD: You measure this parameter of
degrees Fahrenheit per second. Do you measure it at
different axial levels?

DR. ROLL: Yes,

DR. FORD: Is the ratio of a given location
to mean heat-up rate for your tést bundle with its
electrical simulation; is that:exactiy.the same as the
ratio of that parallel location tc mwan hgétnupAraté;ar
real honest-to-goodness rod? May I contribute a diagram?

DR. ROLL: We believé it.is, We believe the

wulti-rod burst test is adequate simulation of power

| distxibuﬁianS'énd heat-up rates that will be observed

in the actual fuel asSembli'during the loss of coolant
situation., |
DR. ﬁORD: I'm sure you believe that., I'm

asking what coﬁfirmatioﬁ you have in this specific case,
that the phenomencn of the tempercsture coeffigient nf
electrical reéistivity of the cladding does not produce
a dissimilar axial distribution of heat-up rates during
the accident situation.

DR, ROLL: The distribwtion of heat-up rates

along the rod were within five to ten percent of a mean

value. Not necessarily of the objective value but five
percent to ten percent of the mean value. That'’s a rough

number, looking at these data.
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DR, FORD: In other words, there was no pronounced
cosine axial curve?

DR. ROLL: That’s correct.

DR, FORD: That it was simply uniform or more
or less uniform along a five percent or ten percent
variation along the axial?

DBR. ROLL: Except for the end; which was six
inches of the rocﬂso There were heat lossesyat the éndé
of the experiments. Three-foot long rod. WeAbelieve
che éﬁd six-incﬁes probably had a lower heat-up rate.

DR, FORD: So that within the relevant eleven
feet of rods, the temperature distribution is more or
less uniform? |

DR. ROLL: No, I didn't say that.

DR. FORD: Within five percent?

DR, ROLL: No. The test had a roughly two foot
flat power =

DR, FORD: They are not full-length rods?

DR, RCLL: WNo, three-foot rods.

DR, FOrn: Of course. 1 see,

At &ﬁ§ rate, nevertheless, élong the instrumented
range that vou are concerned.with, the power distribution

and the heat-up rate was pretty much uniform: is that

right?

DR, ROLL: Quite uniform, yes.
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DR. FORD: Is this uniform heat-up rate -
That's quite different, is it not, from the axial cosine
power curves and so foréh'that you expect in real fuel
rods? The middie is in relation to the wean. The middle
of the rods in the plant run about forty or fifty percent

in terms of what the accident heat-up rate is just in

. terms of power density of == The center point is fifty

percent more than the mean; is that correct?
MR. MOORE: That's correct, for the twelve-foot

reactor, The purpose of the three-foot tests were about

;@ one to two foot uniform kind of heat-up rate and was to

simulate the hottest region of the core looking at that

axial power distributiqn that you were talking about,
lgoking over the region of highest temperatures, which
is one to two feet.

DR. FORD: So that.am important gquestion about
rod failures, such as axial randomness or non-randomness,
is not answered at a1l in this test; is that correct?

MR. MOORE: On the contrary. I disagree. The
tests which had a uniform heat-up of over a region of
about one to t@o feet is edﬁivalent to a reactor situation
@hexe the highest tem@eratures, the highest power parts
of the rod along the twelve-foot length, over there there

is a one to two foot uniform power generation., That's the

region of interest. Thst's why the tests are applicable.
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i DR. FORD: 1 see.
‘ 2 ' Now, is the Applicant's position that you expect
3 local concentration of fuel rod failures, that you don't
‘ 8 | expect azxial randomness?
5 MR. MOORE: We expect axial randomness within
6 this two feet region, ﬁ:wo fqofreg'j.on, as we observed in
7 the burst fest.
a DR. FORD: So that within the microcosmic worild
9 of the test, there is some randommess. But in terms of
§0 full length fuel rods, you expect ’ﬁ:_hét the fuel rod failure
01 iwcmiid be lconcgntrated in one and a hal'f to two feet; is
32 " that correct?
® 13 | MR. MOORE: They would tend to be, just on the
14 basis of the power distribuﬁon,, &:ﬁe heat=up rate, to be
15 concentrated in a &wo-fobt elevation of the rod,
16 [ DR. FORD: Wichin just the swmall rods, '{ahat was
47 the axial distribution observed. Whlait'percentg let's say,
18 of the failures were exactly at the mesau,  the mean length
19 of the heated portion?
20 MR, MOORE: I would refér you to the figur,es
2 'in this report, WCAP-7495,
22 ' DR, FORD: 1Is that a proprietary document?.
. 23 MR. MOORE: Yes, it is proprietary. You can> see
24 what degree of random this is. It is quite random. ’
. 2% DR, FORD: What, statistically speaking, does
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_that mean? What is the standard deviation?

MR. MOORE: I suggest you look at the figures
and arrive at your own concliusionms,

DR. FORD: I am perfectly happy to examine them.
I don’t know what the conditions of the agreement are.
Haé Westinghouse perférmed a statistical analysis of the
randomness of fuel rod failures from this test data?

MR. MOORE: Yes, inlterms of determining the
consequent flow blockage that you obtained with these

failures?

DR. FORD: 1In this statistical analysis, with

reference to the mean point of the test bundie, what is

the standard deviation? What is the mean relationship
of failures to that mean area of the rod, and what is the
standard deviation?

MR, MOORE: The data reduction of the multi-rod
burst tests with respect to the maximum blockage and the
correlation of this data is indicated in figure 2 of
report WCAP-7495, Volume II. Again, it is a proprietary
report.

DR, FORD: That's figure 2 of WCAP o

MR, MOORE: 7495-L, Volume II.

DR. FORD: Thank you. I think it is going to
be difficult to continue this transient with proprietary

material that can’t be discussed., I think I will return




2363

to the questions concerning embritilement that started us .
off on these tests.

CHAIRMAN JENSCH: Proceed.
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MR, FORD: What experimental data has Westinghouse

amassed that would assist or on & basis which occurred to
deterﬁine the point at which embrittlement of the rod becocmes
a hazard and which could determine which maximum clad tempera-
tures should be set-fe'avoid-prdblems due.to embr ittlement ?

MR, Roﬁng 7he data, éhe tests that we have run on
conditions leadinyg éovembrittlement of the roas aré what we
call the.series of'quénch tests, and these are reported in‘
WEA P 737§¢:v01ume i.

| DR. FO@D: I have the nonnproprietary volume 2 of .
that, 4Im these quench tests it says, and'iAquate, this is |
:Fage 6, “Quenching of the samples was achieﬁed by spraying
the samples from above with room temperature water,®

In & less of coolant accident situation with
Westinghouse, éhy of the Wéstinghause emergency core eooliing
systems spraying from above with room temperature water?

DR, ROLL: Noc.

DR. FORD: Would you explain then both with regard
to the use of the spray and the use of room temperature water
how this quench test simﬁlates the conditions that would
oécur in the Indian point 2 reactor with Westinghouse'’s
QMergency core‘cooiing systems operating if they don‘t spray,
if they don’t use room temperature water?ﬂ

MR, ROLL: The intent of the test was to subject

to rods to a fairly abrupt therman transient and similar to
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that but not exactly the same as that to be experienced in

an actual react@f, And this was accomplished for reasons of
exper imental pmdblems;
B;ar'in miﬁd éheSGAwere done in a hot cell. They
nad to be dene remctely, and the method of spraying was
‘felt'to be aﬁ_émplé simulation of the thermal tramsient that
'the rods would be subjected to.

ﬁk, FORD: Of tﬁe thermal shock?

‘DR, ROLL: Right, therman shock.

ﬁRa'FGRDs Well, if this is correct that é %préy ,
§SituatibnAatvroéﬁ températuke wét@r is an adeduate'simulation
‘of eonditlons xﬂ & pcessuV1zea wat ér reactorp but thls imply

that the data evolvmd by G@neral Electric and evolved in the

BWR FLECHD tests involving spraving th;ngs thh Y OOm tempera-

ture water, that all of these experiments provide relevant

data for the pressurized water reactor?

MR, MOORE: To what W data are you referring?

PR, FORD: I am referring to all of the testé that
General Elec@ric has performed and tests that have been sﬁb-
contraéteﬁ to General Eleetric by Idaho Nuclear pertaining
to the BWR FLECHT tesésa
| DR, ROLL: I éon?t'think‘you can make that'generali-
zation. I think that conditions here were.hoﬁ really an
attempt to simulate a spray from the‘fop, We were attempﬁing

to simulate a thermal transient on the rods,
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DR. FORD: Right, but I am correct that the only
mechanism of cooling, the only mechanism of giving a thermal
shock to the rods, the only mechanism of quenching, was some-
thing that’s guite similar to the other kind of reactors,
boiling water reacto:s‘ ermergenty core cooling'system;

DR. ROLL: No, I don’t think again you car make
that generalization. I said for reésoms>bf exper imental
problems related to he2ting up and guenching and irradiated
fuel rod remotely im @ hot cell this is the way the experimente:
elected to do the job. ,
i DR, FCRD: Right.

| DR, ROLL: I dom’t mean to infer«=to'go into your
bread generalization at all.,

DR, FORD: I see. But how do you esteblish--I mean
there has to be some relevant isomorphism between the
exper imental msult and the situation ih the real reactor, Are ]
you going te draw any implications from the experimental
result to the expected performance of the reactor emergency

cocling system.an& the fact that you cannot in general use
PWR PLECHT data with their kind of ;cooling mechanisms and so
forth? Tt seems to me that the general applicability of this
éest, this kind of test, is what is in question. I am
wondering if you can give ﬁe the justification--I understand
tﬁat experimentally it mey be more cbnvenienf or may be .

impossible in the particular way you wanted to set up the
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experiment to do anything but do it with the spray'éystem_at
room temperature water that you used,

what I want to know is how the concocted test set—ubg
how you can infer at all without substantial error the relatioy
ship between these test results and situvations in your
pressurized water reactor during temperature transients.

DR, ROLL: 1Is your line of guestioning relevance
of the tests that were run in the report of volume 27?

DR, FORD: Precisely.

DR. ROLLs Perhaps‘it°s necessary to loek at also |,
out Volume 1, but in that series of quench tests there we
actually drop the rod imto a container of water to get tﬁe
effecte-~-we did not spray them in tests that we ran reported
in volume 1.

DR, FORD: It does not gsimulate phehomena you
expected to occur in the loss of coolant accidents, that is
the rod is going to drop?

| DR. ROLL: We felt that was an adeguate simulation
of the thermal tramsient that the rods would see, That is
time from the higher temperature to the time at essentially
piaf o 2 temperatuﬁee

DR. FORD: Well, is your time to quench based on--

DR. ROLL: I am SOYIy.

DR, PORD: Is your time to guench based on a test

that involved dropping & rod?
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DR, ROLf.z That is correct.
DR, FORD: Into @ large container of water?
DR. ROLL: That is correct.

. DR, FORD: Rather than something that simulated
how a rod in the environment of other rods also undergoing
thermal changes would be cooled by--

DR. ROLL: The"&:es“{:s that we ran--

CHAIRMAN JENSCH: Wait a minute. Iet him finish.
DR, FORD: I will repeat the guestion.

Does your test or is your correlation of time to

guench based on a test that iavolves dropping a rod into a

. centainey of water, how does this éixﬁul‘ate the actuval con-

ditions under which a rod would actuélly be if it were
guenched, nemely that it’s in the dyﬁamic environment of
other rods also undergoing thermal transiemgsa I just can't
see at all the basis isomorphism between yvour experimental
situation and the situation you postﬁlate to exist in a loss

of coolant accident.
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DR, ROLL: The tests that we ran put more
severe tramsients on;the rods than we would expect during
the quench phase of the loss of coolant accident.

DR, FORD: Didn't the test inm a radically
dissimilar way deliver the coolant in a quantity that is
not expected -- In a quantity and with the speed that I
éeé no basis for expecting to occur in an actual loss
of coolant accident? | | |

.DR; ROLL: That'’s qﬁite corfect,' In a radically
dissimilar and very comservative way the quantity of
coolant was delivered to the test rods, and hence the
thermal transient or thermal shock on the test rod was
more severe than we expect 70 see in a loss of coolant
accident,

DR, FORD: Weli, did the test situation give
the rod more coolant more quickly than what one wouid
expect in the situation in a real reéctér?

DR, ROLL: That'’s correct.

DR. FORD: Well, exactly how is giving it more
coolant more quickly conservative?

MR, WIESEMANN: I think maybe you ought to explain
what the phenomenon of thermal shock is.

The phenomenon of thermal shock consists of
establishing temperature gradients within a piece of material

which result in stress gradients, and if I take a piece

é
]
i
i
{




'"2.1.5701
of material and I subject this material to a temperature
gradient and this material is, let's assume just for
purposes of discussion, that this material is not free
to move, it’s restrained by other materials surrounding
it, at this high temperature we have expansion, thermal
expansion of the material where the temperature is high
which is greater than the expansion of the material where
the temperature is low. This means thét the material on
one side of the specimen is tending to become longer
wheveas the one on the other side is tending to become |
; shorter, which means the material is in a sense trying to
| tear itself apart.

One part of it wants to be long, one part of it
wants to be short. Now the steeper the temperature gradient,
the more rapid the cooling, the steeper the temperature
gradient and the steeper the tewperature gradient the
higher the stresses that occur which tend to pull the
material apart.

And it®s a well-established engineering
fundamental from the standpoint of thermal shock that
if you subject a piece of material to higher temperature
'gradients due to more rapid cooling that you also subject
the material to higher intermal stresses which tend to
cause the material to fail. And this is the basis for our‘

saying that more rapid cooling of these rods is more likely
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to produce the shattering or breaking Mechanism, Because
this material is not ductile, if it is brictle, it will
break, just as a glass breaks. You have seen this happen
probably in your own home where you pour some hot water

in a cold glass or cold water in a hot glass and the
glass, which is brittle, breaks.

DR. FORD: I see, Could you add on to your
diagram the curve describing the relationship between
ductility and temperature for zircalloy?

g MR, WIESEMANN: I couldn’t draw the exact curves, s
except that ductility -~-

DR. FORD: Anélytically the general shape of
the curve.

MR, WIESEMANN: But ductility and temperature
are not the only considerations, and I should refer that
question to Dr. Reil, because there are some chemical
considerations,

DR. FORD: If you are not going to put on the
curve, I can't follow it the way I wanted to.,

MR. WIESEMANN: Perhaps Dr. Roll could address
himself to it,

DR. ROLL: We have --

DR, FORD: Let me ask the question that concerns
me that I was going to look at the éurve for, namely is

the temperature at which you effect cooling in the experiment
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lower than the temperature at which cooling would be
effected if it didn't have this rapid supply of coolant?

MR, WIESEMANN: I t¢hink I can draw yéu a general
curve, and that is the general curve of temperature versts:
ductility is that in genmeral the'ductility increases with
temperature, Plus if the material is colder it tends to
be less ductile, more brittle,

DR, FORD: 1In discussing an intermally pressurized
rod at‘a temperature cdnsiderabiy below the point at éhich
ié wéuld perforate, would rod swelling be greater or less as
temperature was higher for a rod much below its perforation
point? | |

DR. ROLL: The rod swelling would be greater tﬁe
higher the temperature.

DR, FbRD: Is it also correct that the greater
the swelling the greater the potential for embrittlement?

DR. ROLL: Perhaps, but I don’t -

DR. FORD: Well let me ask you ==

DR. ROLL: I don't see the line of questioning.
The greater the swelling the greater the potential for
embrittlement?

CHAIRMAN JENSCH: He“w&ll give you another one.

DR. ROLL: I say perhaps, but I ~-

BR. FORD: &0 that if the temperature and amount

of swelling that had taken place in a rod, or you have two
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rods, which you begin'to quench them when tﬁe§ are at
different temperatures, they have different swelling, they ”
have different potential for embrittiement, is it correct '
that when you are cooling rods im this experimental

situation you are cooling them at higher temperatures and

at lower swelling than you would if they were simply

there with less coolané allowing them to swell and going
up to higher temperatures and higher éﬁcti;ity? Is the
nod affirmative? |

| DR. ROLL; Continuing, are we still on the
ductility temperature? Is this part of your question?

DR. FORD: That’s part of ii, Would it helb if
I zave my conclusions?

DR, ROLL: Well, it wmay.

DR, FORD: Basically the conclusion is that in
your experimental situation your cooling rods are not as
swoiien as they would be expecéed to be in the transient
with mﬁch less coolant around them immediately. The fact'
that ﬁhe real 1ive rod which would be more swollen would
mean that in the area of swelling the wall thlchness would
be less, the nil ductility temperature of the metal is
a function of its wall thicknéssa In the metallurgic
ressarch at the Oak Ridge National Laboratory it was
indicated that the embrlttlement temperature with reduced

wall thmukness from rod swelllng would be considerably lower

s T ITIA B S ks e At s,
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than the embrittlement temperature assuming that the rod
hadn’t swelled up that much.

So the basic point is that from the point of
view of thermal shock that analysis is all perfectly
adequate. But I°wm suggesting through my questions what
you haven't taken into conéideration is that wall thickness
that you are talking about changes during the accident,
and in a real situaticn it's allowed to change and in
your experimental situations just dropping it into the

water at predetermined temperature, mot allowing it to

. continue to swell before it was finally quenched, that

" has a very non-conservative experimental -- That's very

non-conservative experimental data related to the
phenomenon that I'm particularly concerned with.

Now Chat I have stated my conclusions and
arguments and hypotheses I hope you can respond.

MR, TROSTEN: May I just interject at this point,
Mr. Ford has in a sense asked the question by stating his
own views on éh@ subject, and it seems to me that tﬁe cniy
wéy that the witness can respond is either to say, "Well,

1 agree with what you say,” or, "I disagree with what you

'says" and just let it go at that., Unless you have something

else you can add to that,
MR. ROISMAN: Mz, Chairman, the witness asked

to have that conclusion given so that he'd just have a

tzze .
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better idea how to answer the question. My, Ford's
prepared to go through the questions that reach that
conclusion step by step, but the witness thought it might
bé“helpful to see where he was going, and that was the
only reason that Mr. Ford went on that way.

CHATRMAN JENSCH: Amd after having stated that
I think I know you intended to end up by saying, "Is
this correct?"

DR. FORD: Yes.

CHAIRMAN JENSCH: Now will you try and amswer
,on that?

: DﬂalFORD: I could pértition matters.,

CHATRMAN JENSCH: Le%”s try it this way. He
may fully agree with everything you have said and that
will move the case along quite well.

DR. ROLL: Let me make some oﬁServétions and
see if L canldescribe why I don’t agree with your conclusion
as stated,

First of all, rods which have swollen but not
burst have done 80 because éh@y have not been subjected
to high temperatures to get them into the bursting
ﬁemperatmrev ThereTore, they have not besen at high enough
tempeﬁatures to get them to a point where there is any
significant zirc-oxide reaction, zirc-water yields and

zire~oxide. Therefore, the combination of having a swollen

i
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{ rod with eizable quantities of zirc-oxide on it, I believe

' 2 that combination is almost mutwally exclusive.
3 Secondly, the swelling as it relates to wall
‘ 8 thinning, you don'’t swell and burst and then contract.

S0 that the rods which have burst have shown for their

[47]

6 particular combination of rate and pressure, will have

7 shown the wmaximum swelling for that, as I say, for

8 that particular combipation, |

5 And then finally we did run some tests on

50 previcusly Eurst rods and these tests, quench tests, with

; previously burst reds, and these data points with the

1

9

12 " rest of our data points together comprise our discussion
13 of limits on mechanical integrity of ithe rods with regard
' 14 to the quench phenomenon and related to total quantity
5 of zirc-water reaction.
6 DR. FORD: Let wme address the questions to some
17 of ﬁ:he premises that you have raised,
i8 Your first one was all I must say I really
19 caught and I'm focusing on that a moment. You said that
20 if the rods had not yet burst they were not at a high
2y 1 encugh temperature for wmetal-water reactions,; zircalloy-
2 water reactions to take placeg is that aérrecf:?
. 23 DR. ROLL: WNo, it’s not. I said if they hadn't
24 burst they hadn’t gotten to the temperature at which they

. 25 would have burst for the particular combination of heat rate
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and intermal pressure. They are always at a lower
temperature than their bursting temperature if they haven't
yet burst.

DR, FORD: Right. But you are claiming that the
temperatures at which they will have nd yet burst are
temperatures at which a significant zircalloy-water reaction
won't take place,

PR, ROLL: Well, I meant to infer there or meaﬁt
to leave the impression that if thevy were at a lower

temperature they would have had less zirc-water reactions

than if they had actually gone up to this bursting

temperature.

DR, FORD: But isn't it the case from the fuel
rod failure tests at Oak Ridge that they have a number of
fallures that don’t occur until a range here of 2550 degrees,
2600 degrees. Clearly that's in a rauge where you could
have s ignificant metal-water reaction, is that correct?

DR, ROLL: I am not intimately familiar with
the QOak Ridge report.

CHAIRMAN JENSCH: W%Well at least in any event I
think that you should show it to the witness either now
6r during the recess so that he will have an opportunity
to review it.

DR. FORD: ALl right. Let me ask a specific

question. Is it correct that a combinatio of low heating
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rat e and low internal pressure -~ By low I mean low in
terms of pressure, between fifty and 100 psi and low in
terms of heating rate, safe five or ten degrees Fahrenheit
a second, is it correct that at those low heating rates
and lov internal pressures, the temperature at burst will
be way up in the 2000 degrees Fahrenheit, in the region
of significant metal-water reaction?

DR, ROLL: The conéitions that we locked at
and as reported in our document, we show that for =-

In particular the document is 7379 Volume I, page 45.

. We have a curve there of bursting temperatures and we

' say essentially things are going to be burst by the time

they g@t up to 2000 degrees F.

DR, FORD: I see. I don’t have that in front of
me. [ have Volume II, the ﬁonoproprietary version of
the same document.

This is Table IV, page 1l of the report you just
cited.

MR. MOORE: FExcuse us. We need Volume II.

DR, FORD: WNow directing your attention to
Tablé IV, page 11, it seems to present exactly the data
I was talking about. It pives, for example, a low heating
rate, low pressure for rod LY-12 and the temperature
observed at failure is 2431 degrees. So is this affirmati&e

evidence? And even in tests with higher heating rates but
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low pressure I call your attention to rod LY-7. You had
a heating rate of 100 degrees Fahrenheit per second,
but a low fifcy psig9 and its temperature at burst was
2630 degrees. So is it clear that things get up way
above 2000 degrees before they burse?

DR. ROLL: 1It’s our data and we signed off on it.
Yes, The temperatures are there, but «-

DR. FORD: Well now --

HATRMAN JENSCH: Let him finish.

DR. FORD: Excuse me,

DR. ROLL: I'm concurring in the Table that

' is being quoted. I say ves, that's vright. He has adequately

read off the data points,

CHAYRMAN JENSCH: The question was at those
higher heating rates, 100 degrees Fahrenheit per second
and fifty psig; that there will a tempevature of 2630
degrees before they burst. Yes or no?

DR, ROLL: Does thk= data indicate that temperature?

CHAIRMAN JENSCH: Yes.

DR. ROLL: Yes. It's in the report.

DR, FORD: Am I correct in my observation that
this is a very clear contradiction of what your idea was
of temperatures at bursts of things?

MR. MOORE : That's not true, because what

Dr. Roll was referencing was what happens in a reactor,
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and there is a specific time-temperature relationship
in a reactor in terms of how the cladding does heat up,
that LY-12 would be 500, 4 or 500 seconds before that
temperature is reached. 1In fact, the purpose of this
test was to try to get those kinds of temperatures and
we were forced to -- Before we burst -- And we were
forced to use véry low internal pressures in many cases
in order to achieve them. They are not representative
of timeatemperaﬁure history that you get in am actual
fuel rod.

DR, FORD: Could you identify which combinations
of heating rates and which combinations of pressures9
internal pressure and tempefature and heating rate, would
be expected in the accident? I mean which auiong these
are vealistic?

MR. MOORE: Just looking at the Table it's
difficult for me to look at ali those combinations and
try to derive that. I was looking at the combimations of
specific interest, the 2630 and the 2431 degrees
Fahrenh@it, and I was excluding those specific ones as
not being representative. it would take me longer to
figure out how representative some of the others are.

CHAIRMAN JENSCH: And maybe this would be a good
occasion to recess and have an opportunity to work on that

over the noon houwr. Will that be a convenient place to
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g interrupt your examination?
‘ 2 DR, FORD: Yes indeed.
3 CHAIRMAN JENSCH: At this time let®s recess.
‘ 8 We will reconvene in this room at two o'clock.

(The luncheon recess is taken.)

(53]
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AFTERNOON SESSION

CHAIRMAN JENSCH: Please come to order.

Will the witness resume the stand,

Intezvenors® counsel, are you ready to proceed?
1'd like to, before we proceed, indicate that there is no
smoking in thé room. Will you extinguish all burning,

Will you procesd, please?

DR, PORD: 1°ll wait until all the witnesses are
there.

I'd like to begin by simply taking a very guick | ’
overall view at the way metal-water reactions are treated
than just simply what your co&és considered these reactions.
At & later poiﬁt We can go into justification for the way
in which they are considered or the justification of not
conzidering them, and so forth.

1°d like te know, first, whether the Westinghouse
codes simulate and continuously calculate the way they do
zirealloy-water reactions, whether they simulate and calculate
eutectic meltings between the iconel springs and the cladding
and the liquid-metal reactions that were to accompany that
eutectic,

MR, MOORE: The zirc-water reaction is simulated
centinucusly, That is the only reaction that is simulated.

DR. FORD: 8o that's specifically to the point,

there is no simulation at all of the phenomenen of eutectic

= oxmoavmRage
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formation, eutectic'melting and metal-water reaction between
that eutectic alloy and steam or water in the entire course
of the transient?

MR. MOCRE: That's correct.

ﬁRa WIESEMANK: As stated yvesterday in the hearing.

PR, FORD: The second guestion is whether the codes
simulate and continuously calculate the reactiocn rate between

uranium dioxide and wateyr, the conversion U03 under the con-

ditions of the accident.

DR, Ré&ﬁz tUnder the conditions of the aceident, .
there is essentially no reaction between U022 and water,

DR, FORD: But do the codes themselves explicitly
what this and simulate the variables which would, undex
relevant conditions, contribute to a reaction between uranium
dioxide and water?

Independent of your feeling as to whether or not
it is necessary to simulate this, does the code have the
capability?

DR, ROLL: Under the conditions which we see in the
loes of coolant sequence of events, there is no ieaction
between water and v02. The reaction is not favored
thermodynamically., 8o there is none. Having this framework
of conditions, then we say that it  doesn’t keep track of
anything.

DR. PORD: I just wanted to make & survey, whether
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~you consider these. Tt may be irrelevant. I would like to

get an overall view of your metal-water reaction consideration.

Thirdly, de you consider possible and simulate
and continuauéiy calculate reactions between the cladding and
the fuel itself, that kind of exothermic reaction?

DR. ROLL: We do not consider any effects related
to a so-called reactioﬁ between the fuel and the clad.

DR. FPORD: Do you consider, in yoﬁr analysis, the
collection of uranium dioxide a2nd fuel in the balloons formed
by plastic deformation of the rods? )

DR. ROLL: Mo, we do not.

DR, FORD: Thank you.

Now We are hack to embrittlement. I'd like to
establish some éen@ral grounds,

Do you consider the degree of emﬁrittlement as a
function of integrated exposure time, exposure temperature ?

MR, MOORE: We do the analysis and calculatea-ﬁhé
answer is yes, in that we do the analysis and calculate the
total amount of metal-water reaction, and compare this to
what we determine to be the acceptable limit with respect to
embrittliement.,

DR, FORD: Cladding temperatures below 2,300
degrees, Iahrenheit, do you expect there will be any signi-
ficant eubritilement? |

MR . MOORE 2 No. As I indicated earlier in testimony
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this morning, very little of the cladding has aﬁy kind of
metal-watery reaction at all.

DR, FORD: What correlations have yvou developed
between cladding temperaturé and the duectility at room
temperature in metal?

MR, ROLL: What have we, Westinghouse, developed?

IR, PORD: ves .

DR. ROLL: We have done no work in this area germane
to this particular problem.

_DR._FGRba $o that in terms of‘thé qﬁench test that
gﬁé wééé éiﬁcussing before, they were concerned with analyzing
Jth@ éﬁemamanoﬁaicgieai effocts of Jusi a vafiety of postulated
aaciéent situations, and is it correct to say that they were
reafﬁ.iy n& attenpts to collect data from which you can

demonstrate what the relationship is between claﬁdimg tempera-

tures and eubrittliement?
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DR. ROLL: The experiments that were performed
were not directed toward elucidating that the ductilizy
versus temperature curve and hence the detevmination of
nil ductility temperatuve.

DR. FORD: And so in terms of an experimental
contribution to the suitability of a 2300 degree cladding
embrittlement, you, Wgstinghouseg makes no contribution.

MR, WIESEMANN: Would you rephrase that question,
please? | o

DR, FCRD: Does the Applicant take the position,

daes Westinghouse take the posmtwn9 that ary data that they

have confxrm&d 23@@ degxees as a reaaonahle llmit with

regard to cmnsideratioms 0f cladding embrittlement?

MR WIESEMANN: Not reasonable, but very
conservative. The data from the tests we have performed
which'sh@wed.that_the éh&ttering phénom@nun does not
occur at temperatuves well above 2300 degrees, and for
the zirconium water reactions up to sixteen percent confirms
very clearly that the 2300 degrees is a ver? conservative
value used. |

DR. FORD: Now the use of 2300 degrees as an

indicator of the onset of embrittlement, can you give

us your feeling as to how changes in wall thickness of
the rods that accompany_local swelling, how this increases

probability of embrittlement and how this changes the
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relationship between maximum cladding temperature and

nil ductilitcy.

MR, WIESEMANN: Your question assumes that the
onset of the embrittlement occurs at 2300 degrees. I
don’t believe there has been any evidence adduced in
ihis proceeding directed to this end, I think that the
gereral, the criteria that the AEC proposed, said that
éhat temperature is a temperature which when used would
be such that you would not have this problem. But there
was nothing said that this was the place which would
&efiﬁe or &emark the onset of this. In fact, I thinkAwe
made it very clear that we don't have this problem at
températurés up to 2700 degrees, and for zirconiummwatér
reactions to sizteen percsat of local areas.

DR. FORD: Now in the tests in which you dropped
the rods into a volume of water, were the rods internaily
pressurized?

DR, ROLL: No, they were not.

DR, FORD: I see., And do we assume therefore,
that there was no swelling deformation of the rods?

DR, ROLL: No, you don't infer that bdecause
four of the rods that had been dropped had been pre-burst,
had been burst prior to this, and then were run back to
temperature again and dropped.

PR. FORD: 1 see.
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Hou many rods wevre dropped in total?

DR. ROLL: I believe the number is twelve, eight
of which are reported in Volume I and four of which are
reported in Volume IY of 7379.

DR. FORD: I see.a So there were twelve rods,
four of which had been pressurized and had been burst?

| DR, ROLL: That's correct.

DR. FORD: What was the pressurization of the rods
annd the heating rate?

DR. ROLL: Let me change that previous statement

1

on number of tests., I was thinking a different series

"of tests.

MR, WIESEMAMH: While he is locking for that
let's make sure we understand the question, Are you asking
for the temperature and the pressure and the temperature,
rate of temperature rise for the rods?

DR. FORD: I'm looking for the temperature~time

history of the rods, of the initial condition before it

was dropped into the water.

MR, WIESEMANN: Just before it was dropped?

DR. FORD: Right,

MR, WIESEMANN: You are not talking about the
conditions that led to thé bursting in the first place?

DR. FORD: Yes, that's what I said, temperature,
9

time and history of the rods, at what heating rates, and
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the internal temperatures and so forth,
DR. ROLL: Let me summarize correctly the total
spectrum of point test conditions, I am quoting out of =~
DR, FORD: Excuse me. There aw special reasons
why I am only intevested if the rods have been internally
pressurized and I'd rather just keep my question just
limited to them at the moment. |
| DR. ROLL: Right. I hear you but I want to
correct what I said before. I said that we had twelve

total quench tebts and that number i3 wrong. Forty-seven

, quench tests.
4

Now quench testé with pressurized rods. For
quench test conditions for the series of tests with the
pressurized rods, the pressures considered were 100, 200,
500, 1000 and 2250 psi.

DR. FORD: Could you give me the source for this
data, please?

DR, ROLL: WCAP-7379, Volume I.

DR, FORD: Page?

DR, ROLL: It's Tabe VII on éag@ 19.

DR. FORD: I presume you are looking for the
'he&ting rate?

DR. ROLL: Oh, I'm sorry. Wo, I was waiting
for a question,

DR. FORD: Ch.
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DR. ROLL: It’s not clear that we have it
reported in here,

DR. FORD: Excuse me; I didn’t hear that.

DR, ROLL: We don't have heating vrate reported
herz, I don't recall what it was for this particular
series of tests.

MR, WIESEMANN: This particular test is dome
to get the relationship between zirconium-water reaction
and témperature and whether or ﬂot.there is a éhattering
probiem with respect to the'cladding, Therefore, the

?heatipg‘ra@e wasg“t an important factor. The important
;factér was the maximme temperature and the amount of
zifconium«w&ter reaction,

DR, FORD: Would you repeat thé purpose of the
test again, please?

MR, WIESEMANN: The purpose of the quench test
was to derive the safe range for purposes of determining
that we did not have any clad embrittlement problem.

DR, FORD: Now I read in WCAp-7379, is that the
document we are talking sbout, Volume II, I read, this
ile on page 2, "The purpose of these tests was to compare
and correlate General Electric procedures and resulis
in testing ductively heated pressurized tube failure with

those of Westinghouse radiatively heated samples.”
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DR, ROLL: If you read the total context of the
paragraph, you will see that an additional fwelve tests were
run by General Rlectric on our material for unirradiated
tubes, The purpose of those twelve teste on unirradiated
tubes, was to compare procedures, that is the methodology
that were used in their Cincinnati iabcéatory versus ours
that was done in cur Pittsburgh iab&ratbziea, not to derive
specific information. To see if the procedures themselves
gave comparative results,‘aﬁ& that *s what is stated in the
paragraph, if you read the whole paragraph. ,

| DR, FORD: I can’t find--3 have looked through the
enﬁire‘ﬁblﬂﬁe 2 here. T can’t find sny compariscn of pro-
cedures and results and so forth. I asked him to restate
the purpose because it is not at all clear,

MR. ROLY.: We were asking the guestion in the con-
text of the guench tests. That's the context that Mr.
Wiesemann answered for that particular series of guench
tests. Theze were act guench tests thal are being talked
#hout here.

DR, FORD: EBxcuse me. The title on Seciion 2 reads,
“gurst and Quench Tests on Ifraaiated Tﬁbes;"

MR, ROLL: 2and these are & seories of tests that were
burst tests run on unirradieted material to compare results

on the apparatus used at Cincinnati to the apparatus used in

pittshurgh,
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2R, PCRD: Where is the compgr;san of results,
Where is that presented. I8 that not in vVolume 22

DR, ROLL: That's correct. f

CHRATRMAN JENSCH: I8 the witness waiting to discover
saue data for the guestion?

DR. PORD: I believe the guestion is where the
results are a comparison between GE techniques and their own,
and how is that presented. | |

IR, TROSTEN: Mr. Chairman, do youw want the inter¥

royation to preceed to another matter while the witnesses .

CHATRIAN JENSCH: Iet's see if the interrogator can
walt for the data or does he want it now hefore he proceeds,

MR, WIESEMANN: I thought we were éﬁswering Jues -
ti@ns OR emﬁrittlementa' I don’t understand how we suddenly
wandered off im an area related to burst tests.

CHAIRMAN JENSCH: A different questian,'z think,
did it. If you follew the guestions, vou will notice they
ghift,

- DR, FORD: I might suggest thatAthére iz a relation-
ship between the bursts.in terms of wall thickness and the
susceptibility of rod té eﬁbriﬁtlém@nt;‘ I miqht ask on this
matter directly, whether the ﬁppiieamﬁ has gtudied éh@ work
in this area done at Cak ﬁidge Eaharatory, Tﬁe mOSt receﬁt

paper entitled, “&malyses~of LOCA Transience in Terms of
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cladding Bmbrittlement,®” by D. 0. Hobson, of O2kland National
I2boratery., This is contained in the 1971 wWinter Meeting
Transaction of the American Nuclear Society, this past
october, Page 700 and 701. I'm asking whether the Applicant
is familiar with this work?

CHAIRMAN JENSCH: Could you refer to the document
to refresh their féeblléctiono,

MR, WIESEMANNG: I_tbink one geﬁeral point--the
answer to your question on,this is, we are femiliar with this
wa@kab‘cme particular point I think we want to make again.
ve hayéimaae this before. I believe it was made yesterday.
These éeség.have been ?erformed with rods which had been
swollen and burst, where this effect thét you are talking
aboui that might possibly result in lower temperatures of
embxittlement is included within the data that was used to‘
éét&biiﬁh the limits of roughly 2700 degrées and sixteen
per cent zircdﬁiumawater reaction that were used tc bound
the safe area.

| DR. FORD: It is correct that the Commiesion has
judged higher temperatures tﬁén 2300 degrees as regard to
possible embrittlement as non~conservative.

MR, WIESEMANN: No, that’s not true. In fact, I
can interpret the statement you read this morming as saying
that you expect--in fact, I can only interpret it that way,'

that they expect that further testing may result in higher -

=
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temperatures being justified.

DR, FPORD: Specifically with the oak-ﬁiége'testing.
with which you indicated your familiarity, their test reéuits
are that basically at 2300 degrees from their data, you don‘t
expect any cladding embrittlement. But, their data going uﬁ
to 2400, 2500, 2600 degrees you do get, acecording to them,
nil Quetility té@p@ratures‘that would indicate severe rod
embrittlements at room temperature, This is their result,
VWhat I am asking is whether ybﬁ have aﬁy specific cxitieisms
of the methodology of this research ané whether you can relate
to us the éxcce&ure of.wﬁich are ecritiecal, and expiain how
‘it pxééﬁcéé thé érroneous view that 2300 degrees is fairly
well estabiisheé.by the data, as the point above which
embrittlement would be expected.

MR, WIESEMANN: I think the answer Y gave you earlier
was, guite true the temperature at which embrittlement would
be expected is about 2300 degrees, but the 2300 degrees has not
been defined as being the threshold of)the point at which there
would be difficulty in maintaining the integrity of the core
cladding ih a %eécéor»of-theééype we are talking about. The
mere fact that ductility decreases does not in itself mean
tﬁat there is a problem in ﬁaintaihiﬁg integrity of the core.

BR. FORD: I quote here., “We evaluate that steam
exprusure over a range of LOCA transients having peak tempera-

tures below 2300 degrees Fahrenheit causes little embrittlement,
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unless times at temperature are vnusually long. Expésu:;<
at increasingly higher temperatures result in progressively
greater embrittlement, in keeping with the rapid changes in
oxidation and diffusion kinetics with temperature in this
range, ™

MR, WIESEMANN: 7hat’s 2 true statement. Tt is
not in conflict with what we have been saying.

DR, FORD: B@t you would disaéree with that, that
you get room temperature nil duetilitié#é ‘Thé point is that
Ehe? ;ﬁ&icéte there would be eMbrittlemént problems and not,
at ééb@_&egreeSg Do you disagree with that?

. ‘MRO WIESEMANN: We have done tests which we feel
show that the range of safe operation is approximately 2700.
degrees, and sixteen per cent LOCA metal-water reaction.
Baseé on §his, we are convinced that the criteria established
by the AEé in fhgir interim policy statement is a conserva-
tive one, I see nothing in the evidence that you presented
that would say that there was anything wrong with that
conclusion.

DR, FORD: More to the point. ¥ou are citing what
I believe isiéh experimental result which is not consistent

with their experimental result. Wwhat I asked you before--

- and I'm asking again,

&

MR, WIESEMANN: But they both show that 2300 degrees

is all right.
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DR, FORD: What I am asking you now is that in terms
of their experimental technigue and so forth with thch you
are familiar, do you have any basic criticisms of thie 03k
Ridge report? *

MR, WIESEMANN: I don’t think we have undertaken to
de a Critiquerf éhe o2k Ridge report per se, since the
results of the o8k Ridge test do not affect our éonclusions,
that 2300 degrees is adequaéee If we were tryihg to prove
that 2300 &egrées of 2700 degréeé or some other tempeiature
of that sort were adequate, I think we might have em- ,
barked on ssméthjs.z;g like that and studied all of the
éifféééneés; Buérsincé there wasn't this need, this was not
done, |

CHQIREA& JENSCH: I take it the answer to the
quesﬁion is no? The guestion was, have you any specific
criticisms--

MR, WIESEMANN: We don't know if we have any
specific criticisms having not done a detailed critique of
the test.

CHAIRMAK JENSCH: You think your tests~-thank you.

Proceed,
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DR. FORD: To get the relationship between'youf
test results and their test results let me see whether
the Board test results are consistent with this conéiusion«
This is from page 700 of the report.

"Peak temperatures of 2100 degrees, 2200 degrees,
2300 degrees, 2400 degrees, gave zero ductility values |
below rocm temperature. That is some ductility would be
retained at room temperature. Peak temperatures of 2500
and 2600 degrees gave zero ductility temperatures of 290
and‘180®>degreéé Fahrenheit respectively."

| is yﬁur experimental data consistent or
inconsistent with this experimental data?

DR. ROLL: I think’the key point of differénce
in the interpretation of results between th; Oak Ridge
people and ourselves, it is just that it's a different
iﬁterpret&tiﬂm of the results, that ihey were looking, they
had a standard procedure, I believe, in their apparatus,
which would be to run the sample up to a particular
temperature and I believe that was the whole time there,
at which time they would qﬁiekly air quench it and bring
it back ddwn to the temperature and then measure the
ductility, With this standard procedure, with increasing
temperatures you are also getting markedly increasing
degrees of zirc, zirc to zirc oxide formation, and they

are relating it merely then to a temperature of exposure
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per this standard procedure gives us then a particular
ductility or lack thereof at room temperature.

The interpretation that we had put. on our tests
and in generally our tests are consistent with their
tests in that it is time and temperature which is important
and that 2300 degrees for whatever it takes to get a large
degree of zircawéter reaction could be bad. 2600 degrees
for a short time, if that short time at that temperature
resulted in less than sixﬁeen percent conversion, we would

say woulé be acceptable. But it’s merely, I think, a

different interpretation and an application of the results

of the test.

Time at temperature is what we would propose
as being the relevant combination of primaries to éonsiderw
They merely cdnsidered temperature per their standard
test conditioms.

DR. FORD: I see. Then you directly confradict
their statement that they integrate exposure time and
exposure températurea They don't just consider an

exposure temperature an instantaneous time, You contradict

their own description of their experiment,

MR, WIESEMANN: There is a difference between
describing the test and correlating the results and I
think what Dr. Roll is saying is that we have found that

the embrittlement situation is one which correlates to
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the amount of zirconium-water reaction for temperatures
below the 2700 degrees, and that when you consider the
nature of the results as reported by Oak Ridge that you
have to consider the fact that when they are reporting
Cemperatures and nil ductility values that somewhere behind
that is a zirconium-water reaction which is a function
of not only the temperature they had but the time they
heild it there. And for example they could have reported
varying ductility values for the same tempefature simply
because of holding it at that temperature for different
times, - )

| And as Dr, Roll is saying the réaaon that didn't
happen was they had a standard test procedure which held
the material at a given temperature for a fixed period
of time so that you didn't get the results atr different
periods 6f time at the same temperature such as what_we
obtained in ours.

DR. FCRD: 1 see. Excuse me. I am trying to
pursue Dr. Roll and I am tr&ing to clarify whether his
statement of what the Oak Ridge tests were is consistent
with their-staéements of what they were, and I am afraid
that the parenthetical remark from the other witness is
intervupting this investigation. And if when we resume
Dr. Roll has reviewed Oak Ridge material I'd appreciate

the Reporter would read back my last question and Dr. Roll’'s
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last answer.

CHAIRMAN JENSCH: Are you ready, Dr. Roll?

DR. ROLL: I am ready.

CHAIRMAN JENSCH: Will the Reporter read the
question,

(The last previous statement by Dr. Roll and
the last previous question by Dz, Ford are read by'the
Reporter.) .

CHATRMAN JENSCH: I wonder how much coﬁsultétiom
is ﬁécessary if we are asking this witness to give his
view 6f’this;statemento ff you have something later to
add, do so. I think the panel of witnesses is confusing?

Will you proceed, Dr. Roll,

DR. ROLL: The write-up which you directed is
not a description of the test, It’s a description of an
application of an analysis 6f those tests,; and yet the
equation which they used here was derived from the test
in which I had said I believe I correctly portrayed their
procedure for deriving the data. With that procedure

for deriving the data they applied in this article and

reached the conclusions in the last paragraph of the

article, and I believe that what I said, listening to it
again per the court reporter, I don’t see any contradiction.
BR. FORD: The point of clarification is you

talked about the procedure for deriving the data. The data
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that I am talking about is the nil ductility temperature
calculated with the equation, I am not talking about the
method of deriving the individual ex@erimental results

themselves. Does that resolve the conflict betweénAus?
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MR, ROLL: I don't think it does. I bélieve. as
I said before, it’s time and temperature which is important.
The equation has bofh time and temperature in it. Therefore,
one must have beth parameters to calculate a degree of
oxygen uptake and with the degree ¢f oxygen upﬁake and going
back to their basic data one can then determine whether or
not you have no ductility.temperatures that‘are important or
net.

DR. FCORD: I see., Now when they integrate that
equéﬁiaé, iﬁtegfate the temperature and'time at temperature,,

y does éhat fulfiil'the pxééeduﬁe that ydu aré éalking about ?
| bR, ROLL: Tha%”s correct,

DR, FORD: And well, don't they explain in the
paragraph follawing the eguation and that'’s precisely what
they do? '

DR. ROLL: They do. They say they integrated the
eguation over éime and temperature for typical transients,

N DR, FORD: AI see., And that is satisfactory or un-
satisfactory to you?

DR, ROLL: That is satisfactory.

DR, FORD: I see. DNow then in this procedure which
'is satisfactory to you you therefore do not question that the
nil duetility temperature as a function of c¢cladding tempera-
tures given here, you don'’t challenge them? ’

DR, ROLL: For representative time and temperature
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DR. FORD: You don’t challenge them?

DR, ROLL: I don't know that they used representa-
tive time and temperature histories. If they state.they did,
if they integrated the equations, we will have to accept that
at face value.

DR. FORD: I see. Now in terms of the experiments

that you have done for these temperature references, for 100

to 2600 degrees, have you calculated nil ductility values,
zero ductility temperatures?

DR, ROLL: Néo we have not.

‘DR, FORD: I see. So there is no data, experimental
data, that Westinghouse has eveolved that would caleculate, that
would contradiet the zero Quctility temperatures of the Mk
Ridge reéearch?

MR, WIESEMANN: Far better than that.

DR, ROLL: ‘'That'’s correct.

DR. FORD: Excuse me, Dr. Roll, please.

v MR, WIESEMANN: Fax gettera

CHAIRMAN JENSCH: I think Mr. wWiesem2nn until you are
called upon to éa@ up something or a&d scmething to this I
don't think it's necessary to intérrﬁpt, i think that the
interrcgator has to have his question te the witness. I think
there is a lot of confusion among the panelists, They feel

they have to confer or supplement, when I don’t think the
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question necessarily calls for it.
Will you proceed,
DR. FORD: Thank you.
MR, TROSTEN: Escuse me, Mr. Chairman. I just want
to cbserve that in Mr. Wiesemann's defense in this respect’
that the nature of the questions that mr. Ford is raising

are such that he sometimes ranges beyond the scope of a

particular witness’' previous testimony, the original direct, -

and it is perhaps un&ezstandable. thereﬁcre,,that one of the‘
oﬁher.panél of witnesses may feel that ihe guestion actually.
is beiﬁg diﬁécteé to him. I appreciated what you are saying,
sir, and I agree with the point you are makinga

CHA TRIMAN JENSCH: Well, if there is any question
I ¢think thé'interregator can éay, *Now I think the other
witness ought to answer this,“ Until he does we will presume
the same mé:t’ness is under interrogation.

| Will you proceed,

DR. PORD: 1I'd like to preoreed from the fact that
there is no contradiction at the moment between the
experimenéal Zero ductility téﬁperatures estimeted by Cak
Ridge, no criticism of their procedures. 1'd like to proceed
to a further observation. They contend, and I quote, "“we
wéul@ emphasize that our data are for full wall thickness
tubing. cladding swelling would significantly decrease the -

thickness and would cause embrittlement toc occur at lower
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exposure temperatures.”

Is there any data evolved from Westinghouse research
that would challenge this statement in the 0tk Ridge research
report? I will give you the statement.

DR, ROLL: I have two comments dfawn to the con-~
clusion that they veach in the artiecle, The’first_ccmment is
that in addition to making the geneiél SEatement that they '
did the test run for fuwlil wall tubxng and that any swelllﬂg
'W@uid t@nd to re@uc@ the thlckness of the wall let me also
@cxnt owt Lhat they did the test with @vxdatmcn en both .
fnﬂes, so'they are gegtxng twice as much oxidation 1ntake
fthat we could get, time aﬁd temp@rature transient, So ﬁhgt

in that degree you have one effect trading to:anothero

The second point that I would like to make, refexring

back to our own tests, are we van a series of time and

temperature transients which gave us a degree of oxygen

. pickup, and these results are reported in the WCAP and for

cases where we got up teo, in fact, severallcases in excess
of sixteen per cemt reaction, and then subjecting the tubes

to what we thiﬁk are severe thermal tr&nsients, tuﬁes.which

" had been prevxously bursto and h@nce we were getﬁxng the

attack on the thin sectlons, we dl@ not sxnd the tubes

faziedo
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DR, FORD: VYes.

Now I'm talking.in terms of -- I realize you
have tests pertaining to'five intérnal pressures
unspecified, unfindablé heating rates, and that you have
this émall amount of experimental data. My question is
whether the data that you have fhéﬁ yoﬁ can confidently
say that ﬁhat data contradicts challenges or confirms
the conclusien ﬁhat if you considered systematically the

_effect of plastic deformation, sﬁeilings changes in wall
thieéﬁesséég you would have a‘mubh lower acceptance
,criteria than 2300 degrees. u

} DR, ROLL: The data which we haﬁé does not
contradict the raw data from Osk Ridge tests. The
interpretation‘of the data with regard to what we were
tryiﬁg to analyze says that the criteria which we have
proposed Qf'siiteen_percent reaction is acceptable whereas --
VThe criteria of 2300 degrees F is equally possibie and
possibly more conservative. |

DR, FORD: I'm not sure that's responsivé to
my qﬁestion, I know that there is & certain quantity of
experimental data available. What I am asking you is
whether the data that you have is of sufficient quantity,
that it has covered so thoroughly the various aspects of
embrittlement, the various conditions that induce

embrittlement and so forth, that you have evolved convincing
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evidence that would resolve the doubt about the acceptance
temperaturé that is indicated by the Oak Ridge researchers,

DR. ROLL: I believe the tests that we have run":
adequately characterize a limit for a degree of oxygen,
or a limit of degree of oxygeh uptake.

DR. FORD: Are you contending that the tests
that you have ddne were deformation resultcing from five
internal pressures, down to five heating rgtegithatxthat
is gdequate to cover the entire gawut of heéting rates
frcﬁ 100 to == {Inter@al éressures from 2200 and heating

rates from 5 to 100 degrees Fahrenheit? Simply as a

" scientist, would you be willing to state that, you know,

enough research has been done? Irrespective of whéther
or not the five tests that you have contradict or support
this, are those five tests sufficient in your judgment,
involving consideration of all the parameters that influence
this? 1Is that test sufficient or is that body of data
sufficient to contradict, in a clear way, the Oak Ridge
conclusion that the 2300 degrees would be too high
mmbrittiement éut;off point if you considered swelling
of the rods?
DR. ROLL: There are a number of questions
there. Let me see if I can find out what they really were.
You were inferring that we had only five tests.

That’s question number one, did we run five tests. The
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answer to that question is no. As I had stated, we had
run approximately forty tests altogether.

DR, FORD: But I think the point was that there
were five tests that involved cladding deformation, that
the rods had been burst. So you had the wall thickness
change that we are talking about.

DR, ROLL: That’s imcorrect.

DR, FORD: All forty-seven tests?

. DR, ROLL: That's incorrect. We had run eleven

tests with pre%iously burst tubing. : )

DR. FORD: It is eleven now? |

DR. ROLL: It always had been eleven.

DR. FORD: Previously you referred me to WCAP-7379,
Vciﬁma 1, Table VII, page 19. You gave me five internmal
préésﬁres.from that. Are you still referring to that, or
do you change?

DR, ROLL: You asked the question, I believe,
quite a while ago, what pressﬁres did we use for the
quénch test. The five pressures that I gave vou was inm

answer to that question. We actually ran ten total tests

with vods that were pressurized. In addition to that,

we ran eleven tests om rods that were previously burst.
in addition to that, we ran twenty-two tests on just tubing
specimens at various times and temperatures, and in

addition to that four we ran -~ Four tests on irradiated
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DR, FORD: Can you give me th e tests again
slo@ly, please.

DR, ROLL: Ten tests on tubing specimens which
were pressurized, not burst, Itlwas just pressurized.
Eleven tests on tubing specimens which had been previously
pressurized and burst; twenty-two tests on tubing specimens
which were neither pressurized nor had been previously
burst; four tests on tubing specimens which were irradiated
tubing, I believe they Were‘neither pressurized mor had ’
b@eﬁ.previously'burstg

| CHAIEMAN JENS&H: dre you reading from
proprietary data?

DR. ROLL: I believe it is. This is 7379,
Volume I. I believe the data, the candltions of the test
and the numbers of the test are in fact part of the deleted
pages in the issue which you have.

DR. FORD: We are concerned with this OQak Ridge
conclusion. We are concermed, do you agree, with the
effect of changihg walllthiCkneﬁs on embrittlement and nil
ductility temperatures and functién of cladding? That
is the issue. That is the assertion.

DR; ROLL: That’s the assertion in the Oak Ridge

conclugion.

DR. FORD: So we are concerned with wall thickness
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variations and their impact,

Can you téll me what is the relevance, just
to shorten things ocut quickly, of the twenty-two tests
that were neither pressurized nor burst, and therefore,
ve assume that the wall thickness wasn't affected, and
the feurntests on irradiated rods that were neither
pressurized nor burst. Ave they relevant teste to the
gquestion of the influence of wall thickness on nil
ductility embrittlement?

DR. ROiL: Sure; they are, because they are
related to the total metal -- Equivaleént metal-water
reaction. If the test conditions in these two series
of tests are such as to give a particular méial»watef
reaction, then the results or the conclusions which you
derive from those tests are germane to the analysis of
conditions with a similar metal-water reaction.

DR. FORD: But the point at issue is =« Am I
not correct that it is the wall thickness variation as
the pérameter that we are talking about altering? It
is that parameter which is influencing what the nil
ductility temperature is; is that correct?

DR. ROLL: Not clear,




Q2wtl 2411
1 DR, FORD: 1Iet‘’s do & little more basic work then.
’ 2 Is it your impression that wall thickness is related to |
3 embr ittlement ?
‘ 4 MR. ROLL: In my opinion, 1océlly, the integrity
5 of the cladding in the ared of burst, which is a very small
6 rotal area, could be affected by the local metal-water
7 reaction that is related to the wall thickness. The answery
8 is ves, Lozally this would have an effect,
9 . DR, FORD: Can you characterize the nature of éhis
10 effect? Is ‘:'vt .ﬁi the diﬁ-c‘gctim that the oak Ridge people
45 | assg{frt,, némelythat if you wanted %o évoid this effect, you
32 " heve to keep cladding temperature lower then if wall thick-
‘ 13 ness.waéh"t changed?
14 DR, ROLL: ves. If you wish to preclude that
15 effect, you would in fact wish to make the limiting
16 temperature lower. But, again, to bring us back to the point
§7 of interpretation that it is time and temperature which are
13 important and not temperature per se., SO one WAy not
19 né@éssarﬂy reduce the temperature if one had control over
20 time at that temperature.
21 ' Dﬁ., FORD: I see;, Well, aésmﬁiﬁ_é the same
‘ 22 itemp@raﬁcur@ and the same time at that é:emperature, would the
23 nil Guctility be different in the way the 02k Ridge people
. 24 have assexted if the wall thickness were reduced versus if‘
25 it were constant?
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DR, ROLL: I believe the answer is yes.

DR, FGRD: So that we know you are talking about a
local phenomena as indeed they ocbviously were, with that
qgalification and with the further qualification that vou
are talking about same time and temperature exposure. You
would accept the éénclusion of that oak Ridge report: is that
correct?

DR, ROLL: I believe I would accept the conclusion
which_you have stated. Again, I dom't have a copy of that

o2k Ridge report in front of me. I don‘t think it said that

 that is what would happen or did they indicate the degree to

which you would have to reduce the temperature.
MR, MOORE: It is here.
DR, ROLL: We do have it.
DR, FORD: ¢Could you read it aloud, please.
. (

DR, ROLL: You are right.

e conclude that steam exposure over a range of

. LOCA transients having peak temperatures below 2300 degrees

 F. causes little exbrittlement, unlessthe times at tempera-

ture are unusually long. Exposures at increasingly higher

temperatures result in progressively greater embrittlement,

in keeping with the rapid changes in oxidation and diffusion

. kinetics with temperature in this range. We would emphasize

that our data are for full-wall-thickness tubing. Cladding

swelling would significantly decrease this @ickness and
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would cause embrittlement to occur at lower exposure

temperatures.®
| I would agree with that conclusion.

DR, FORD:  ‘Thank you.

MR, TROSTEN: Mr. Chairman, while Mr. Ford is getting
ready to propose his next guestion, may I ask for a five-
minute recess so that I could confer with the witnesses? Is
that permizsible, Mr. Chairman. |

CHA IRMAN JENSCH: Well, is it scomething that is
ééariﬁ§'oﬁ'the igierrogatibn? You can confer with them right
here if it will take a moment.

. .~ MR, TROSTEN: I just wanted to talk to them bfieflyg
é thought maybe we could take just a two ox three»minute
T@Cess.

CHAIRMAﬁ JENSCH: it ism’t quite oﬁr time. Will you
proceed.

DR, PORD: With reference to this diagram, I tried
to indicate here @ phenomenon that we postulate for the sake
of this guestion. It may occur during a loss of coolant |
accident, namgly, that tﬁe mechanical damage in the ceramic
pelleés may be such, with the burn-up of the fuel, that once
you form & balioon fraﬁ local swelling, that the mechanically
lucent fuel would migrate witﬁin the fuel rod and collect
in this balloon. |

I°’d like to ask a series of gquestions related to
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phenomenon.,

The first gquestion is, what experimental data has
Westinghouse evolved pertaining to the phenomenon of uranium
dioxide pellet migratiom during the course of the loss of
coclant accident?

DR. ROLL: We have none.

DR, PORD: You have evglveé no experimental data?

DR, ROLL: That's correct.

DR, FORD: Eaé Westinghouse conducted any analytical
cénsiéératien'of this phenomenon, and does it have any model ,
ghat would predict the extent to which it would be expected
ﬁnder different transient conditiocns?

DR, ROLL: MNo, we do not. In the caleculations,
we run this phenomenon‘of pellet chips falling down into the
balloon and is nst conéidered4

DR, FORD: Even though you don‘t have any experi«‘
mental wo&k or analytical model of vour own pertaining to this,
is there any data whatsoever, theoretical or experiment§1¢
relating to this phenomena that you know of?

. DRoﬂﬁémL: I believe one pieéexdf information that
I am sure you are familiax with, because you guoted from it,
is the o2k Ridge document, in which they begin to cogjecture
that this is what happened and caused otherwise unexplained
results,

DR.FORD: If I might refresh your memory, wasn't
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that in cémnection with propagated fuel element failures?
They were talking a;out the pellets from that balloon region
themselves being ejected. They weren’t talking about, as I_‘
recall migrétion and collection.

DR. ROLL: They were talking about what happened
to pellet chips;

DR, FGR?% Bﬁt the specific phencmencn of collec-
tion in the balloén, that isn’t considered?

- bRo ROR: ‘Perhaps.

DR; Fdéﬁs In any éxperﬁmentai or theoretical data
with which you are familisr: is that cérrect?

| DR. ROLL: That's correct.

DR, FORD: A priori, cam you suggest any reasohs
why if this'phenomenon did océur, that the loeal cladaing
temperature Qouid not be increased significantly by the
presence of this extra material?

MR, MOOREs Under the assumptions that are made
for the loss of cpo%&nt analysis, the pericd of time when
wé get a large temperature increase is associated wifh the
adiabatic heat-up of a trahsiénta ‘ihe stored energy of the

fuel has essentially been removed. We are now operating with

a fairlf'small temperature through thé fuel., I would just

séy, in my opinion, building up some additional fuel in the
vicinity of a2 very localized burst will not have a large

eontribution.,
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DR, FPORD: You talk simply in terms of stored
thermal energy. It ié correct that migrating fuel brings with
it the decay products that are contributing at the stage of
the aceident that we are concerned with.

MR. MOORE: That is correct, but that was my point,
that the power generation rate of the residual heat is quite
iow. That ‘s the reason we were discussing the very small

temperature.
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DR, FORD: I see. But if you increased siipiy

locally the amount of fuel by whatever volumetric percent
of the balloon as compared to the non-deformed geometry,

I mean just from inspection of the various tests of the fuel
rod failures, it's quite clear that, you know, the voiume
could increase in the area by a factor of four to five,

Is that an unfair scanning of just the pistures of the size
of these balloons?

MR. MOORE: I think that is an unfair characteri-
zation of ﬁhe iﬁCrease in volume, but let me further pursué
your point.

The thing we have to bear in mind is that not
only is the amount of fuel we have there important. The
heat transfer capability between that fuel and the cladding
is important, and if this fuel is lcosely ?acked in this
volume as it would seem to have to be, if it's nigrated,
and certainly it has to be in some kind of pleces, is
then it is not in very good contact at all with the cladding.,

S0 1 have difficulty getting heat from the
‘fuél to the cladding to add to the heat of reaction. In
fact, we have performed calculations with fuel in the
vicinity of a burst rod with the expected load gap
coefficients, and you find that the cladding as it heats
up due to the exothermic reaction, the zirc-water reaction,

that the cladding actually becomes hotter than the fuel and
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~ the fuel in that vicinity becomes a heat sink.

DR. FORD: Can you tell me when you refer to
it being loosely packed, 1 suppose we should talk about
the density of the fuel. As a function of density do
you have data pertaining to -- As a function of fuel
dewisity do you have data pertaining to heat transfer

characteristics, such that you could in terms of data

~ that you have make calculations relevant to this

phenomenon?

MR, MOORE: We have data from which wé could
attémpt to derive an effective heat transfer. The place -
where we would be umaﬁle to quantify the situvation would
be to actually determine the expected density under this
configuration.

B DR. FORﬁ: I see. But you haven'’t done analyses
to date which could be gone té in a facile WAy to relate
heat transfer conditicns to demsity of the ufanium fuel?

MR, MOORE: Let me clgrify_it, It's not so much
the density of the UDy itself; it’s the degree to which
it is in contact or in close proximity to the cladding.

So it's not the conductivity of the U0y per se; it's
the conductivity between the fuel and thé cladding itself.

Of course, the fuel under conditions where you

don’t have a burst can be in closer contact. If the fuel

is going to migrate somehow into this kind of an open
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volume it clearly is not going to be in close contact with
the cladding of that whole region.

CHAIRMAN JENSCH: I wonder if we could get
that question answered. We might have it come up again.
The question was have you had a study of these heat
transfer characteristics and so férth, and you say you
do or don't have? You argued scmething because it wasn't
material in your thinking and thé question was, that
can be answered, do you have any studies.

MR, M@OR?# 1 answered the question there are
gstudies on conductivity of U0y as a function of density.
"I further went on to state that that was not relevant o

the question that we are ?ostulating here. Céﬁductivity
of UOZ as a function of denmsity is not a concern.

CHAIRMAN JENSCH: Proceed.

DR. FORD: Can you tell me if we wanted to
perform scoping calculations, 1f we assumed, if we
determined failures, what the expanded value is like, say
oniy a factor of two, if we wanted to perform scoping
calculations, assuming that it was all densely packed

and in contact with cladding, could you do caléulatioﬁs

_ in that way to get some indication of what the maximum

conceivable contribution to local cladding temperature
could be under conditions which admittedly these heat

transfer conditions are admittedly not plausible, a priori?
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MR. MOORE: Yes. One could perform scoping
studies with arbitr:ry assumptions.

DR. FORD: Short_of actually performing those
calculations for us is there any reasonable assurance
that the increase in the local heat source of your maximum
rod, you have already calculated it at 2300 degreas on
the nose, is there any assurance, convincing assurance
that you can give us, that this would not be a phenomenocn
which would push us up over the interim acceptance
criteri&? |

MR. MOORE: The kind af.information I would

‘present relative to that would be estimates of the effect

of heat transfer between that fuel and the cladding,
and it's my opinion that that would end up being such a
low value that we would actually have fuel as a heat sink
in the vicinicy of bursus and that therefore there would
really be no penalty associated with this.
But I would have to perform a calculation with ‘

a@ appropriéte gap conductance.

. DR, ﬁ@RD: But you are assuming, as I understand

your experimental and analytical posx&ion with regard to

this problem in terms of the work that you have done and

the firm calculations and data you can put your hands on,
at the momeat the Applicant is not in a position to resolve

the doubt as to whether or not this would increase local
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cladding temperature in such a way that this plant wéuld
not meet the interim criteria.

MR, MOORE: I see no real mechanism for getting
compaction of extra fuel in those regions and I know of
no experimental evidence which would say otherwise.
DRQ'FORD: Yes. But given the fact that you have
no experimental data pertaining to how much compaction
would be necessary to cause problems, I mean just given
a basic lack of data in consideration of this area, are

we to say that at this point there is some doubt of

i substance as to whether or not this phenomenon would

" affect the maximam cladding temperature, and your ability

to meet the interim criteria?l

MR. MOORE: Not at all.

DR, FORD: Thank you.

On the further question which Dz. Roll indicated
was involved in mechanical behavior of the fuel pellets,
their ability to contribute to fuel rod propagation, do
you accept the view of the Oak Ridge researchei's in the
ORNL-4635 that there was indeed a propagating fuel

element failure mode taking place in that transient test

and it was related to the ejection of U0, pellets?

DR. ROLL: Can we get a copy of the report here?
CHAIRMAN JENSCH: Can you point the witness

to a particular section thereof which reflects the
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statement you have just made? .

DR. FORD: I gave away my only copy.

DR. ROLL: You want to get the page number or
take this back and we will find one?

CHAIRMAN JENSCH: I think the witness needs
the reference in the report that he is asking for, and
if you could give it to him, hand it back to him, give
him the page number.

MR. RQESMAN: Mt; Chéirman, iﬁ our statement
of q@estigns t§ the Applicant on October 12, 1971, question |
No. 34, "To what extent does the Applicant’s analysis
coﬁéider propaéétion of the failures caused by fragments
from burst rodé, fuel pellets or other causes?"

And we directed their attention to pages 32 and 69 of
the Oak Ridge National Lab report 4635,

CHAIRMAN JENSCH: Does the witness have the page
of the report?

MR. MOCRE: I have it.

CHATIRMAN JENSCH: Can he answer the question from
the report?

DR, ROLL: I wondexr if I could just == 1Is it
@ermissible to reread our answer to the same question
yesterday?

DX, FORD: Yes. Well, if that is what you are

going to do I am just going to continue further questioning
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of that. 1If you'd like to read your answer of yesterday,
sure. |

CHAIRMAN JENSCH: He doesn’t have to read it
again for the record. We have had it once,
MR, MOORE: We have answered the question.
MR. TROSTEN: May I interrupt, Mr., Chairman.
Question No. 32 ié a question that was asked of Mr, Moore
yesterday, as I recall it,
CHAIRMAN JENSCH:  What page?
MR, ROISMAN: 34.
j MR, TROSTEN: I'm sorry. The particular
'quesﬁiunQ what was the number of the question you just
read?
MR, ROISMAM: 34,
DR. FORD: 34,
MR, TROSTEN: 349~1 am Sorry.
CHAIRMAN JENSCH: What page does'the witness -
have before him?
MR, WIESEMANN: 1679,
MR, MOORE: The answer is on page 1679.
MR. TROSTEN: The answer is on page 1679, and
@haﬁ is unclear to me, Mr. Chairman, is when the question
was asked of Mr. Moore and Mr. Moore answered the question
why the interrogator is now somehow posing the same

question to Dr, Roll. Would he please explain to me, or

R

——xxtex.J




10

31

12

93

14

5

i6

242‘4‘-
why somebody is asking this question of Dr. Roll? Thé
guestion has been asked and answered.

DR, FORD: I see. This is in the context of
today's discussion.

MR. TROSTEN: I knowc.

DR, FORD: But --

MR. TROSTEN: But the point ig --

DR, FORD: It is the development of the aﬁalysiS‘

that we have been doing of fuel rod migration,
MR. TROSTEN: I undevstand that, Mr. Ford.

DR. FORD: Dr. Roll earlier raised the issue

" of the 0Oak Ridge test in connection with fuel rod

migrétionw He th@ught it had to do with filliug of the |
ballééﬁ rathef_than ejection and propagation. 'So in terms
of both contimuimé the development of this discussion of
mechanical behavior of the fuel eieménts during cladding
and in terms of if Dr, Dr. Roll cares to go further than
the answer of Dr. Moore, that's acceptable.

MR, TROSTEN: I would suggest that if there is
a question that relates to the answer raised by witness
Moore, if the question be directed to witness Moore and
'if witness Moore feels that somehow he is not capable
of answering the question he can then defer the answer to
someone else.

DR. ROLL: I wonder if I could set the record

R
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straight. You asked the question somewhere earlier was
I familiar with any data at all having to do with pellet
chip movament, et cetera,

PR. FORD: Yes.

DR. ROLL: I responded that the only thing
1 knew of was the Ozk Ridge documer:t having to do with
that test. I did not raise the question of this. I did
not mean to offer concﬁrrence in the Oak Ridge conciﬁsions
or to mean that it was a significant phenomena. Yoﬁ asked
a question, was tﬁere any data related to movement of
pelleé ch;ps in_;he core, My answer was the only thing
1 w&s»awéfe of at all was this document; That's all
I meéﬁt te infer by that answer.

DR, FORD: I am asking you now chat since you
are by your confirmation aware of this data? I am aski;g '
you for your judgment on it as to whether or not the Oak
Ridge data demonstrates that propagating fuel element
failure modes would take place when rods burst in the LOCA
transient.

DR, ROLL: 1I have not reviewed the QOak Ridge
report in détail, nor have I talked with the authors of
the Oak Ridge report to know in detail what they did and
why the§ have reached this conclusion. Therefore, I don’t
think I should offer merely conjecture and opinion based

on a previous review of this report, and one on which you
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§ aré apparently placing great weight.
2 DR. FORD: I will respect that and if I could
3 direct questions to Mr. Moore pertaining to his answer

‘ 4 of yesterday,
5 ) You indicatéd that your azalysis doesn’t
6 consider propagating failure modes. I was wondering
7 | whet her you can define fo: us the problems that could
3 emsue; the significance of propagating fuel element
0 failure modes, in your judgment. You indicated it cryptically
30. . ﬁeré,§ésterday, 1 am wondering if you could elaborate ,
“ on that,
42 MR, MOORE: Yes.
4 | The point I was making in my answer yesterday
14 4isitha§ if one postuwlates a possible propagation of fuel
05 failureé due to this mechanism, then vou wouid get
i6 potentially more fuel failures as a result of this.
17 I indicated in the amalysis that we performed
i8 and under the conservative aésu@ptions that we make we
i9 feel a large fractionm of the fuel rods in the core
20 . anyway. Evenr without any consideration of fuel failure
23 propagation. 5o these rods have in fact already failed
22 and have relieved'the internal pressure through bursting.
23 - So that any additional contribution of failures
24 which may under this hypothesized mechanism occur would
‘ 25 be small with respect to the total number, which are
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assumed to occur with design calculation.

DR. F@RD:. Now you assumed that the rods in
the vicinity of the imstiggtota you presume that they have
already failed“. Do you presume. that they have already
failed in the same place, I mean in the same axial levels?

MR, MOORE: They have failed at -- Some rods
have failed at the same axial level as determined by the
milti-rod burst testing, and this assumption has been
incorporated into an analysié which ¥ described yesterday
which detérmined ﬁhe'effect of adjacent failures and
rods which would Be in contact,

DR, FORD: Isn't the real pﬁoblem of propagating
fuel element failure modes that it would cdncentrate the
failures in one place rather then just letting each rod

fail at its own will?

MR, MOORE: That éould be a concern if the
adjacent rods had not already failed at some other location,

DR, fﬂRD: I see, But in terms of your
iﬁéicaéion this morning at a given level, axial level,
the teﬁperaturé difference within an assembly is only
on the order, I believe you said, of twenty degrees or
thirty degrees, doesn’t this indicate -- And I presume
that Eecause the whole bundle is moved around during core
1oadiﬁg and enrichment, by moving around that their

internal fuel, that their internal gas pressure is pretty
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much the same, too. So that we would expect that in terms
of the forces acting on all the rods in the bundle, they
are all pretty much the same. Is that a reasonable

interpretation of the datz that you have given us?
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MR. MOORE: They are very close within an assembly

here.

DR. FORD: I see. So that we could expect if such

and such 2 combination of internal pressuré and heating rate, .

if it was for a given combination of internal pressure and

héating rate, we'd associate with this a predicted burst

' temp@rature.whieh vou do need prediet, so that we wo&l& pre-

diet f@r this, for any given assembiyp or certalnly for the

asseﬁblxes in the nhiddle of the core, that they would all

have,the rods in the assembly, they would all have pretty ’

mﬁStJébe'sam@ predicte& burst temperatures, is ihat correct? .
MR, HOGRE: ves.

R, F@&ﬁ; So that in tezmé of the role of propa-
gating fuel @iemants,'fhat in terms of the dymanics of the
éituatioa wouldn't it be sigﬁificaﬁé if they were propagating
fuel elemenﬁs bécause 65 the reods in the group evérybody was
already set to burst, one burst and started each other, the
resﬁvof them were already ready to go. this extramechanical
effect, wouldn't we expect from this,fzom the data on

temperature distribution and conditions in the rod, thatthis

~is the problem with.pmo?agating fuel elememt failure modes,

that the heat—mp has got to @ point where it's just waztlng
f@r somethlng to happsn to cause 2 real local blockage
probiem?

MR, MOORE: No. In fact, I would use the same
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argument in the reverse, to support my contention that it's
properly not a problem, and that the rods are very similar
and they are very similar then to the multi-rod burst con-
figuration, and rods failed at nearly the same time, and in
differently randomly located spots along the rod.

so that I would expect the neighboring rods to have
failed about the same time some place else. So any'failure
propagation due to fuel would not add to the problem in any
one Eécatimne

DR, FORD: Well, let me ask the big gquestion. ;
oo Of course, since we are zalking about the mechanical
éffééi of the urdnium dioxide pellets as the mechanism for
propagating fuel, they.are not in the tests that you are
talking aﬁouto They are electrically heated rods, isn’t that
correct?

MR, MCORE: I am speaking of the failures that
would occur independent of propagation. And you postulated
an assumbly where you postulated that all the rods were very
close to failure because they were all behaving similarly,
This is idemtical to the situation in the multi-rod burst
tests. They are all ready to fail., I haven‘t failed any vyet.
I haven't propagated any fuel vet. And then suddenly
practically all the rods in that assembly fail at the same
time in a randem way, and if you were to hypothesize that

subseguent to that that some fuel came out it's not going to
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affect the neighboring rod becauvse it’s already failed,

DR, FORD: No. But I thi@}%‘the point is that the
main mechanism that we are ccncerneé with, the mechanical
effect of the fuel rods, of the rel%ase eje&teé pellet, is it
correct to say that éhat is not sim%lated at all in these
tests which you are referring to?

MR. MOORE: That’s correct.,

DR. FORD: So that besically thase‘tésts because
they den;t in any way simulate %he mechanism for propagating
fuel element mode, they can’t be used, or can they, to say
that there will be no propegating fuel eiement failure modes?
| MR, MOORE: My point is the neighbofing rod will
already have failed at basically the same time due to its
own mechanical failure as exhibited in the multi-rod burst
test before 1 would get into a problem of fuel failure
propagation.

DR, FORD: Then let us talk one test ﬂtfza'&: has been
done to date, using live fuel rods, with fuel pelliets, namely,
the Ork Ridge 4635 document. Is it cleer from that that this
phenomencn as the authors asssert, is it clear from that that
indeed this ejected ntaniuﬁ pellet did propagate the fuel
élement failure modes? You didﬁ“t have random failure in the
area; vou had all local failures.

MR, MOORE: Absolutely not. The report in fact oﬁly

indicated one single red which may have had premature failure
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because of pessible fuel ejection from a ruptured rod. one
rod may have had a premature failure. The basis for deciding
whether it was premature failure was a calculation that said
detailed stress time temperature caleouwlations, which said it
should have failed a little later than it actuwally failed,

It is my understanding locking at the report that that is the
conjecture of theeathor; is that poasihiy this rod, thiz one
red failed prematurely due to ths\effeet you are talking about.
This has nothing to do with the fact thet all the failures
occurred over & small breech in tﬁe akiél 1en§th of the core -
?f a few inches.

: Aé I indicated yesterday, clearly that nonrandonnass
of failures in that test is associzted with the power &iétri#
bution in the axial direction which tended to concentrate the
power over & two-inch regien.

DR, FORD: Well, I see now what. You have given
us your impression as to what tﬁe teats wer and what the
author has concluded. Cah you substantiate that interpreta-
tion in terms & the report itself?

MR, MOORE: No, I cannct. I have cursorily read the
report. I have not contacted the authors, but I am merely
p&iﬁting cut the presumption as stated by the authors om how
they ascertained that ¢his could have been the case.

CEAIRMAN JEWSCE: Is this a convenient place to

interrupt vour examination?




DR, FORD: Y¥Yes.

e

CHAIRMAN JENSCH: At this time let us recess, re-=.

convene in this room at 3:45.

{Recess ., )
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CHAIRMAN JENSCH: Please come to order,

Before we proceed, Board has been giving
consideration to various schedule posgibilities, In view
of the uniform 'expression to move the case along to have
an extra day for preparation with these new data which
we have been submitted and which are anticipated és be
presented, the Board accepts the suggestion of Applicant’s
Counsel that we recess Thursday might and reconvene
Monday moraing at nine o’clock.

Proceead,

OR. FORD: 1'd like to return to the question
of the Ozk Ridge 635 tests related to propagated fuel
element failing modes. 1°'d like to read the analysis
given by the Oak Ridge authors, This was on the page
references which ve previously pointed -out to the
Applicant's witnesses.,

it states on page 32, and I quote, “Calculations
based on hoop stress show the center rod should have
ruptured several seconds before rod H." That is an
adjacent rod. %The pelléts in the center irradiated rod

were cracked into small pieces, and the pieces may have

settled inside the rod 2¢ the cladding swelled, thus making

4 scmewhat concentrated heat source. The direct effect

on rod H was probably the spilling out of U0, chips that

where
heated and caused local strees concentrations ¢ the
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: expanding cladding of rod H pressed against U0, pieces,
2 This forgffuel rod failure propagation would not ocenr
3 in out-of-reactor fuel rod failure tests and apparently
4 wouid not have occurred in the treat experiments with
3 unirradiated rods since the unirradiated pellets remained
6 intact,™
7 Directing Mr. Moore'’s attemtion to this aﬁalysis;
8 I would like to ask him to identify the aspects of this
9 analysis with which he diéagrées, I will give him «=
10 You have ynur owWn copy.
2} | MR. MOORE: 1 have my own copy here,
i2 DR, FORD: To idéntify the aspects of rhis
13 analysis with which you disagree and éc set forth the
14 experimental data that confirms your alternative
15 hvpothesis., |
16 MR. MOORE: As I inéic&ted_in testimany prior
7 to the recess, I merely pointed out that resulcs of thisg
18 test were somewhat conjectural on the part of the author, .
19 as indicated by his words, where he says, "The peliets
20 in the center irradiated rod may have settled inside the
21 rod as the cladding swelled. The direct effect on rod H
22 wag probably a spilling out éf UOZ chips that heated an&
&z caused the stress concentrations."
24 The whole analysis was predicated upon a
25 calculation of what the stress should have been in this
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rod H compared to the stress in the center rod, and the
fact that rod H faiigd sooner was because of this
conjecture.

DR, FORD: I ses. Do you find the use of terms
like "probably” in this analysis uncommon and general in
experimental interpretation to indicate that this is a
kind of footlcose conjecture that is not really an intimate
part of ;he heuristic interpretation of research results?

MR, MOORE: I guess I don't understand that
question, |

DR, FORD: I will repeat it and perhaps clarify

Do you contend that the language, the qualifications
that were being given is in a style that is clearly typical
of experimental reports im general, or don’t you agree
that one of the main functions of such research is a
heuristic one and the evolution of hypotheses, and im
terms of collating, assembling the presumptive evidence
of fuel evidence failure modes, do you contend that this
is something unsatisfactory from a scientific point of
view, and for that reason is mot worthy of our comsideration?

MR. TROSTEN: Mr. Chairmen, I would merely
like to observe that I really believe that that guestion
is not really a proper question to direct to Mr. Moore.

If Mr. Moore wants to answer it, simce he is a qualified
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engineer and technical expert, he may do so. I féally
don't think the question is a proper one,

MR. MOORE: I would say it is a rather esoteric
one, 1'd rather not get imto it. My point is,; the
fact that this author has identified a possible situvation,
I don't find fault with that. I don't think ke or we
should take this implied situation, inferred sitwation,
There were no direct measurements to show chat this
in fact was the case. We shouldn't take this isolated
gingle emperiment at this ?oiﬁg aﬁd draw any significant
conciusions,

MR. ROISMAN: Mr. Chairman, in terms of Mr,
Trosten’s suggestion which was never articulated, nor
do I think the witness articulaced objection at all --
The question was asked by Mr, Ford was perfectly proper.
He wants to know whether this kind of language in the
usage of the terms as to what was probably the case is
80 unusual in experiments that it would justify the

conclusion that has been drawn from it by Mr. Moore,

- namzly that it showed that we should disregard this

propagation effect that the author was talking about, or
on the other hand, is the use of the éerms that it
probably was so, a fairly standard procedure used in
experimente; and he can't draw all the support “he

attempts to draw from that language. He is trying to fiad
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out the basis for this judgment that that language
supports his conéluéion about the possibility of propagating
fuel failures. I don't see anything improper ahout
asking him to give us that basis, if he has one,

CHAIRMAN JENSCH: Theré was no objection, The
comment was made‘by Applicant’s Cuunselﬂ. The witness
proceeded to answer. I suppose there are several ways
to approach it. If you ran parallel columns on all the
experimental reports that come out of éak Ridge or Idaho
Nucleér, you will find a lot of probablies and maybes and
sometimes and so forths. Whether you would infer from
that chat thet's kind of standard experimental report
language, I don’t know. I infer from the witness® answer
that he felt there was an initial approach to this prOBIeme
In view of the fact that there were some probabilities
expressed, he didn’t think it was proper. This is his
opinion to attribute any greét significance to the matter,
not that it is something worthy of further considerationu~'
But at the present stage, he doesn’t feel that it's
reached that point,

Is that your position, Mr. Witness?

MR. MOORE: Yes, sir.

CHAIRMAN JENSCH: Very well. Proceed.

, DR. FORD: Can you tell me, given that position,

are we Lo now review Westinghouse reports and to reject
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all non-directly measured conclusions as to the values of
particular variableé?

MR, MOORE: I thought you had been doing that
all day.

CHAIRMAN JENSCH: Take a2 shot at the answer and
your comment about what he was doing.

DR. FORD: Are you now theﬁ conceding one of
the basic points that I have been trying to make?

MR, MOORE: No. I am saying each case we have
to look at ome at a time.

BR. FORD: Back to the specific language that
is used. Llet’s see what clear contradictory evidence
that you could qffer us as a corrective to the purported
speculation thét is going on here. Going back o tﬁe
main secticn of the report, page 32, I quoted the paragraph
as beginning, "Calculations based on hoop stress show
that the center rod should have ruptuxed several seconds
before rod H."™

Do you have any criticisms of the way in which
thiz feporﬁ calculated the hoop stress of the center
rod such that the inference it draws from the result of
that calculation can be invalidated with your evidence?

MR. MOCRE: Since the report does not tell me
how they calculated this hoop stress, I really can't

comment ,
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DR, FORD: pDoes Westinghouse have, for the éémperaa
ture and pressure of this center rod, any calculation which
they ecould supply which would indicate a different result from
what you indicate is not a documented calculation? At least
it is not documented as I sea it on Page 32,

MR. MOORE: We have calculated burst conditicns as
a function of temperature and internal pressuiec But not in
the sense and te the degree of aﬁéuracy‘that might be implied
necessaxy for this kind of a calculation to draw this con-
aiusiona It depends on for wh;t purpcse yvou are trying to
@éke the caleculation. So I!ﬂoﬁla not appiy our caleculation
éé this experiment and I certainly cannot do it without any
information regayding the actual experiment.,

| DR, FORD: oOne thing that is given here very clearly
is a description of the heat-up rate, the internal pressure of
the rod, rod diameter and 89 foxthw Is there any additional
inf@rmatiaﬁ that vou would need to calculate th@ hoop stress
to check ocut their caleu;ation? They give the entire time
temperature of the rodg the cladding, thickness, inside and
outside diameter and so forth.

MR, MOORE: I would reguire uncertainties of these
parameters, properties of the specific'clad&inga

DR, FdRD: Is there any cther data?

MR, MOORE: I can’'t recall or think of any right

offhand.
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DR, FORD: In the Westinghouse reports I have yet
to see, in any table that we have, any indication that all
of the uncertainties in any of the parameters that influence
hoop stress. Are you asking for Einﬂ of an analysis which
you yourself do not practice?

MR, MOORE: When ¥ do an analysis within
wWestinghouse, it is not incumbent to indicate all the un-
certainties in any particular report.

DR, FORD: VYou contend that in order to calculate
hoop.étress, you would need certain vawiableé and statistical

Ainformation pertaining to these variables, whether probability
{

is at certain deviations. I am saying, in ail of the data

that you have presented, I am asking, is my impression correct
that you have in no case included all of the statistical
unceftainty information that you reguire ncw.to do any cal-
culation bf hoop stress?

MR. MOORE: And in no case do I do a hoop stress
ealeulatian_ingsupport of the application for the Indian
point plant.

DR. FORD: I see., In none of the topicai reports
that predict time to burst is there any hoop stress calcula-
éion?

MR. MOORE: predictions of time to burst are not
significant or important with respect to our analysis,

DR. FORD: I see. Now, as part of vour--
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CHATRMAN JENSCH: I wonder if we could get that
anQWer.agains I think you asked him are there any of these
analyses of hoop stress or something about it. Could you
try it again? Do youw have any analyses of hoop siress, ves
or no?

MR, MOORE: Yes.

CHATRMAN JENSCH: FEroceed.,

IR, FORD: 1Is the hoop stress analysis and ﬁhe.
ber cent of rods perforating, is this'used té caleuiate the
release of fission products in the containment or the acciden&

MR, MOORE: Not at all,

DR, FORD: Do you mean thet fission product
release into the containment is not a functioﬁ of the hoop
stress that would take place?

MR, MOORE: It is a function of that, but we assume
that all of the rods failed when we determined the releases
ags indlcated in testimomy vegterday Sy ¥r. Wiesemann,

DR. PORD: Can you tell me, in the time to burst
data in which you 8o present, because you don't pxeseht the
uncertainties in the hoop stress parameters, that we should
dismiss them or regard them as providing no relevant infor-
ﬁatian at alliz

MR, MOORE: I re’ally cantt comment on that.

DR. FGRB: You seem to censider acceptable practice

in this area because it is your practice to present results
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of hoop stress calculations and burst predictions. I find no

footnote saying to forget this column, it is irrelevent, an

irresponsible way of doing things.

MR, MOORE: ‘These calculations that you are referring

to that we may perform were not intended to determine the kind

of éffect this pr@éente& in“the specifiec report periods., So
you must un&ezstan&.fmr what purpose vou are making these
calculations in order to determine with what acmuraay.it is
important that they remsin,

DR,

s ]

ORD: I sea, Now, Iif you'were given data
?értaining to the accuracy of aspecific parameter, is your
égperimental data.sufficient to provide the basis for
sensitivity analyéisg that the range of possible values of
this parameter would resuvit in ranges and possible vélues of
hoop stress? Are you prepared to do a sensitivity analysis
even if you have the uncertain data?

MR, MOORE: For what case? I am confused,

DR, FORD: For calculating the hoop stress on the
center rod and as a test.

MR, MOORE: Wnat is the question?

DR, FORD: You want uncertainty data for the
éarameters and hoop stress calculations. Wwhat I am asking
you is, when you get these uncertainty parameters, what are
you going to do with thewm? Are you prepared and 4o vou havé

a sufficient base of experimental data velating these
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parameters ¢o hoop stress that you can éerform some kind of
sensitivity analysis?

MR. MOORE: Experimental data with respect to what?

IR, FORD: With respect to the determinates of
hoop stress. Could you say, for example, if T told you that
my estimate of cladding thickness was accurate to within one
per cent, can you go from this uncertainty estimate to tell
re what difference this would make to ecalculate at h§o§
BLress ?

| BR MOQ%E: I woulé think so, yes.

DR, FORD: What experimental data have you at all
'6h that particular sensitivity analysis involving hoop stress
at bﬁrsting to this parameter? |

MR. MOORE: <¢lad thickness, was that the parameter?

DR, FORD: Ves.

MR, MOORE: It is the fact that the stress is
proportional to the area., That's a fairly ftndamental
paramecer,

DR, PORD: Poxr all of the uncertainty parameters
that you are concerned with, are you prepared to do this kiand
of analysis?
' MR, MOORE: HNo, I am not., I don’'t un&ézstand guite
where the questioning is going. I indicated thét I could
not comeent on the caleulations performed by 0ak Ridge, butt

chvicusly they are important in daveloping the?r hypothesis,
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DR. FORD: But what I’m trying to obtain is some
indication from you of whether or not the calculations that
were made were veasonable ones and whether you are able,
with vour analysis of the situvatien, to provide us with infor-
mation that says that is clearly wrong an@ therefore this
vhole concern with propagating fuel element failure should
be forgotten about completely.
MR, MOORE: I have no basis to make any judgment
on that at all, |
CEATRMAN JENSCH: ¥ wonder, Ny, Wiesemann, if you
find it crowded there, if you want to sit back at the table
Qith Mr. cahill, and if some concern CCOmas up ior your intey-
rogation, vou will be able to come forward. Will you be
able to do that? I think sometimes we get into a conference
anpd it may interfere with a'witness in angwering the guestion.
I think it micght be better if Mr. Wiesemann sat down at the
table and then the conferences won't be so interfering for the
answer.
MR, TROSTEN: It is agreeable to me, Mr. Chairman,
CHATRMAN JENSCH: Will you step down with Mr.
cahill, Mr. Wiesemann.
roceed with your interrogation, please.
DR, FORD: Could you tell me, if I had the generxral
guestion as a topic for safety water veactor research, if f

had the general guestion, what is the possibility that
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propagating fuel element failure modes would significantly
degrade emergency core cooling system performance? If T had
that general question, could you deseribe to me the kind of
experimental data that would be sufficient to resolve that
matter in your judgment? |

MR, MOCRE: I certainly would have to have informa-
tion as to how the rods were expécted tcvfaii without the
propagation factor. That is what are the failure configura-
tioms.

DR, FORR: What specific data do ?@u raguire on
?thig, about using which variableg?
| MR, MOORE: That detérmines the gecmetry of the .
rot burst and gives we an indication of what possibility I
have for expuleion of fuel ox colliection of fuel,

DR. FORD: What variables are these that are
relevant to this consideration?

MR, MOORE: Geometry of the failure.

DR, PORD: fThere are no otker variables relevant
to determining what failure vate is without propagation?
You don't want to know the relationships, for enample, between
internal pressure and the phencmenon of sweliling and so forth?
| MR, MOURE: Are we starting from the point that I
would have to understand how the rod would fail from internal
pressure initially in order to see wherher the geometries

of ¢the failure would be such that I could get gross
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dispersal of fwel. Por example, if I had large gross splits
in a rod with large areas exposed, this would be one situa-
tion. The actual situation obtained in the multi-rod burst
test shows very small openings associated with the burst.

DR, PORD: T am talkine in texms of how you would
set up an experimental research prosram to determine whether
fuei rod propagations was a phenomencn that would degrade
emergency core cooling system performance significantly or
net. o

Zﬁvtezms of your response, I don’t get anything
that YQu should do these kinds of tests with these para~
meters with such and such 2 kind of rod, and so forth.

That is the kind of answer I am looking for and that which
would be responsive to that interest.

MR. MOCRE: You would have to propose some kind of
a test which will simulate the behavier of U02. under the
circumstances vhich simulate the loss of coolant accident,
that is. If there were & way to do this ouit of pile, it
would certainly be preferrable from the standpoint of the
experimental aspects., chort of that, you will do in-pile
tests such as the one ¢k Ridge has performed.

DR, FORD: %Was there & kind of in-rile testing do
yvou think would contribute to a resoluticon of the uncertainties

you find in the ek Ridge office’s analysis of the data?




Tl«Bm=1

12
12
4
15
16
7

18

2448
MR, MOORE: Well certainly some more tests

L

would be in order. In fact, they had run a subsequent
test FRS 2 and I am not sure whether they had any of
this situation in that test or not.

DR. FORD: Well, are you aware that the maximuﬁ
blockage in FRS 2 was ninety-one percent as opposed to
the forty-eight percent in the report you have in hand?

MR. MOORE: No, I am not. 1Is that reported
somevhere?

| PR, FORD: VYes. I can give you the reference
to that.

MR. MOORE: 1I1°d appreciate it.

DR, FORD: Tell me, the further testiwng you.
pinpointed specific speculations in the Oak Ridge authors’®
analysis of propagating fuel element failure modes.
Addressing yourself ~-

MR. MOORE: Excuge me. You pinpointed specific
speculations.

PR. FORD: 1 mean in terms of your quoting
of their use of the term and so forth, you found those
sentences to be significantly speculative, Addressing
yourself to those sentences which you were quoting earlier,
I believe on page 69 of the Oask Ridge report, can you
talk turkey about an experimental program that would

resolve that speculation either in favor of the position

1
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that you are taking or in further support of the

significan:e of propagating fuel element failures?

MR, MOORE: 1 have no specific test program
to propose at this time. I note that the failure of
propagation was not one of the conclusions of the authors
of this report,

DR, FORD: It is not included in the abstract.
Isn’t there a whole sépafaﬁé'sectiem?

MR, MOORE: I am ldoking at the section

entitled Conclusions.

? -DRofFORD: \So that ﬁb sum up your view of éhe
Oak Ridge'tesiﬁlié ié ¢orrect to say that in your o@inion
the role of prbpagating fuel element failure modes is
not définitely established in that test, and on the other
hand that you can suggest no roite to obtain such
information? |

MR. MOORE: Yes. I am not in a position to
suggest any alternative test,

DR, FORD: Now in tefms of the a priori analysis
that the authors made, the logical anaiysis about the
significance of»propagating_fuel element failure wmodes,
do you accept that?.rl mean logically speaking even if
you don‘t find any basis for the'calculation of hoop
stress, do you criticize the logic by which they use the

calculated hoop stress to relate it to the other data from
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the experiment and conclude that there was therefore a
propagated fuel element failure mode?

MR. MOORE: I am not sure I understeood the
question.

DR. FORD: Well, they have made certain factual
contentions, for example, that the hoop stress is reliably
calculated as a certain value. They have used that
calculated value to relate it to other data at times of
failﬁtg aﬁé so forth to conclude that there was a
propagatiﬁg fuel element failure mode.

-what I am asking you is from a logical poing
6f view is there anything suspect about their reasoning?
You mean assume in answering your position that the premise
is faisé,k But i5s the argument false itself? Simply
from a logical poiut of view if the premise were true
the conclusion would be true?

| MR. MOORE: I guess I understand the question.
I would say that given data which seems to refute your
prediction cne then searches for possible alternative
sitvations or mechanisms or what possible alternative
mechanism is fuel failure propagation.

So 1 gﬁess I would égree that there could be
seme logic,

DR, FORD: I see. Well, could you suggest to

the Qak Ridge authovs or to us other hypotheses that they
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could consider that would explain what they calculate-
but which would not be the hypothesis that there was a
propagated fuel element failure mode?
"MR. MOORE: 1 already havéu I said that there

is a possibility that their stress calculations could
be sufficiently in error or uncertain, that they had drawn
the wrong conclusiénu |

DR. FORD: But aside from their calculation
all errors, I mean simply frem a logical point of view
interpreting the data:thét they have, can you disatrophy
in our ﬂmaginations to éhow what else besides propagating
fuel elemenﬁ féilﬁre modes could have been responsible
for that behavior? |

MR, MOORE:_ I am not sure I understand
disatroph§ﬁ You wouid not need to come up with any other
solution or postulation if YOur stress calculations
showed you that the rod in fact did not fail prematurely.
So the data -- I look at the results of the experiment
and I wouldn't conclude anything other than the fact that
the total blockage was on the order of forty-eight percent,

DR. FORD: I see., But if we accepted, you
kgow, just from in terms of trying to see what the
possibilities are for interﬁreting this data, if we

accept it, the calculations that we are talking about, if

we accepted them then is there amy other phenomenon besides

’
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heat propagating fuel element failure modes that cbuld.
contribute, that would have, you know, degenerated the
situation?

MR. MOORE: Well one possibility certainly is
that a rod burst and just the cladding itself contacted
an adjacent rod and caused the adjacent rod to burst.

DR, FORD: That's another kind of propagating
fuel element failure mode, not via the fuel pellets
theﬁéelvesg but via cladding impingement.

| MR. MOORE: Yes.

DR. FORD: Are_there any others?

MR, MOORE: I can'ﬁ think of any others.

DR. FORD: So that in terms of a null hypothesis
other thén just calculational errors you can‘t provide
a plausible altérnatiﬁe to their interpretation simply
on logical grounds?

MR, MOORE: I just did,

DR, FORD: Yes. But that's another kind of --

I mean they do mention that and the pressure with which

the cladding itself, the ome in which the cladding itself,.
the center rod had touched all other rods, as they
éxplainedﬁ with sufficient pressure to have some influence
on the s&elling.of the other rods, so that is part of the --

MR, MOCRE: Could you give me the reference
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1| DR, FORD: I think we will go on. I had just
2 read that during thé break, but we will inform you and
3 bring it up.
4 In terms of a further contributing factor to
5 local cladding blockage, this is a phenomenon which
8 both relates to metal-vater reactions -~ This is
- specifically to Dr. Roll -- namely the presence of grid
8 spacers and springs and supporting strﬁctures and the
S influence that they have on fuel element failures. I
10 wonder 1f you could just get us in this area, whether p
91 you couid tell us what is the number of supports on the
12 bundlés, what their spacing is and what the wmetals
13 involved are.
14 DR. ROLL: In this particular -=
w5 | R, TROSTEN: Excuse me, Dr. Roll, I believe
16 you were not here yesterday but I am informed that this
17 question was asked and answered yesterday. We are searching -
8 to get the transcript reference.
19 MR, RbISMAN: Mr. Wiesemann was kind enough
20 . to show me the modes of contact and so forth, all off the
21 record, I think vhat wé.wanted to do was just get it on
22 the record. Let me state what Mr., Wiesemann told me, if
23 that -is coﬁrect, and we will simply go from that premise.
24 I understood the spring supports are at seven
25 different locations along the length of the rod, that at
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each location there are six contact points, four springs,
two of which have two contact points and two of which
have one contact point., So.that there is a total of
forty-two contact points on each rod of the iconel spring
with the rod. Mr. Wiesemann, is that correct? | |

MR, WIESEMANN: I think also you were referred
to the safety aﬁélysiS'report for a description of the
location of those spacers.

| MR, TR@S&EN: That is correct. I don't have
the transcript ré£éreﬁce here. I'm sorry, Mr, Chairman,
There is a page in the transcript where the reference
to the FSAR is contained. I don’t have it before me.

CHAIRMAN JENSCH: While we have paused a
moment, Applicant's Counsel, you stated that witness Roll
had some commitments that required his presence when
back at the office? |

MR. fﬁéSTEN: Excuse me. I will have to confexr
wiﬁh the Westinghouse representative to find out exactly
how soon he has to be back. Will you wait just a moment, -
plezase,

DR, FORD: While the Applicant is discussing
that matter I might report that we found the reference
in the ORNL document that I promised earlier,

CHAIRMAN JENSCH: Just a minute.

MR. TROSTEN: Mr. Roll is preparing for work on
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an entirely unrelated matter, Mr. Chairman, which would
make it highly desirable if his examination could be
completed today.

On the other hand, if it is necessary that he
be here tomorrow he could be here tomorrow., We would
just hope that his testimony could be completed today.

CHAIRMAN JENSCH: Can you indicate if you would
be able to when you will make complete your interrogation
of the witness Roll. |

DR. FORD: I didn't reslize it was so late.

I am sure that we will vequire him tomorrow. I can't

' go at a great pace. I will try,

CHAIRMAN JENSCH: You will require him tomorrow?
" DR. FORD: I would expect as much.

MR. ROISMAN: Yes. This is on the assumption
that we are going to recess the hearing today at the usual
tiﬁeo

CHAYRMAN JENSCH: Five o"cléck,

MR. TROSTEN: Would it be feasible to extend
it for a non unreasonable time to compleie the examination
of the witness?

DR. FORD: The questions I have, the further
questions on metal-water reactions I think, are a gobd
bit simpler than the more complicated interpretations

of experimental results that we have been concerned with
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wuch of the day. So we can decide. I can have some
indication from my own idea what I am doing at five o'clock,
so I can indicate how much longer I'd require him.

MR, TROSTEN: As far as tomorrow is concerned,
if we could have some assurance that he could leave by
noon this is really what we are after.

DR, FORD: Oh, I would definitely expect that
that would be possibie. |

CHAIRMAN JENSCH: Let's proceed upon that basis.

We will go to five o'clock tqday and try torelease

i Dr. Roll by noon tomorrow. Proceeda

DR. FORD: Do.you kﬁow what the total mass is
of iconel in the reactor in the bundle?

DR, ROLL: It is known., I don‘t have the number
on the top of my head.

PR. FORD: I see. Have you performed calculations
to put pounds on the total amount of heat that could be
génerated if the liquid metal eutectic iconel and zircalloy
were formed and reacted with unlimited supplies of water
dufing the transient? Have you performedvthat kind of
calculation?

DR, ROLL: We have not performed a calculatien
to determine the heat given off or absorbed in the event
of total icomel reaction with zircalloy.

DR.: FORD: I see., DO you - o
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! , DR. ROLL: TIt's not clear that it’s an exothermic
2 reaction.,
3 DR. FORD: Do you have data pertaining to this
4‘ kind of reaction that clarifies whether it releases or
5 absorbs heat? |
d ~ DR. ROLL: :I am not prepared right sow to Qucte
7 'a reference with the data;» | |
8 DR, FORD: I see. Are you familiar with the

-9 BWR-FLECHT report by the Idaho Nucliear Corporation, IN-1453,

10 called A Metallurgical Evaluation of the Simulated BWR -

8 :Fuel Bundle?.

2l DR, ROLL: Not in detail.

13 | DR. FORD: The géneral facts of that test,

14 namely tbat this unexpected reaction between the springs
15 and the claddlng produced a liguid metal eutectic that

16 melted at 1760 degrees, and that 1Lqu1d metal reacted .

i7 wnth water and caused local claddlmg temperature spikes of
18 up to 2940 degrees, at which poimt the thermccouples,

19 | relevant thermocouples failed, -

20 Are you familiar with that géneral data as

2i being presenteé by this Idaho Nuclear test?

22 | DR, ROLL: Very generallyo

23 -- ‘DR, FORD: Do yoﬁ have any very geéneral basis

24 for extracting that there is any misanalysis there of

25 this eutectic formation of of its responsibility for the

temperature spikes and gross cladding damage?
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DR. RCLL: We have not done a détailed analysis
of that report and hence cannot comment on its validity or
the validity of the conclusions. Gur.reascns for rejecting
this as a significant contributor to the total energy
release in the accident is in fact our own test which shows
very little extent of zircalloy iconel reaction.
DR, PORD: I see, Can youvgive us, set forth the
test that you have rum in -t‘}_;is.area ?
DR, ROLL: These are once again summarized in
17379, volume 1, There weére eight teéts run. Four tests
\were run by placing iconel springs in direct contact with
'zirccnium cladding and running this test specimen up to
temperatures ranging from 1800 to 2390 degrees pahrenheii,
Times were five minutes for three of the tests, three
minutes for the test at the 2390, 7The other four tests were
run with pressurized rod specimens in which we wired small
pieces of iconel onto the side of the rod and then ran it
through our single rod burst procedures at, in two cases,
pressures of 100 psi and five degrees 7, per second. And
in the other two cases 200 psi, the éame heating rate.
Thg burst temperatures ranged from 1750 te 2115
éegrees F. 7The resulis of these tests are as follows.
The four tests which were run up to high temperam'
tures and held showed very small evidence of any bimetallie

reaction. T%he spring pieces, iconel pieces, did sot
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disintegrate or contecrt or lose their basic configuration,
there was no evidence of any penetration into the tubing wall,
and hence the degree @f.iconel formation was extremely slight,'
and then I believe all but the one or two higher temperature
tests, and those two high temperature tests it was noticeable.
I@ the lower temperatufe tests it was not. And the four tests
that are run on pr59sur12@d rods they were intentionally run-
off at a low heating rate and é low internal pressure to give
as high a time as practical, as possible, in the range of
éb@ve 1760, and the rods burst essentially as epxected in ,
texrms of a qualitative perusal of the configuration of the
5reak‘and the time of the break and the location of the break.
They did not break underneath the iconel springs.

And based on these tests we reached the conclusion
that, number one, the presence of the iconel did not
pr;jmdice the location of the burst; and, nuwber two, the
extent of icomel and zircalloy reaction is indeed very, very
slight.

DR. FORD: Now iconel is, as I understand it, an
alloy of chromium and niékela

DR, ROLL: WNickel primarily.

DR, FORD: Is the iconel that you used in your tests
the same alloy that is im the reactor?

DR. ROLL: ‘That's correct.

DR, FORD: vVYou don’t have any date on whether itis
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the same alloy used in the BWR FLECHT tests?

MR. MOORE: I do not personally know if it's the
same alloy.

DR. FORD: ©Now can you explain to us what the theory
is that governs the eutectic melting formation in terms of the
fact that the different crystalline structures of different
forms of an alloy have the effect that you mey get of melting
of the entire alloy 2t lower temperatures than melting of any
of the components? ¢an you enlighten_us oen the theory behind
this kind of reaction, behind eutectic melting? - y
3 DR, ROLL: Wo, I cahnot¢ That's not really my area
Iof competence,

DR, FORD: I see. HAas Westinghouse, to your knowl-
e&&ég research personnel for whom this is the area of
cdmpetence?

DR. ROLL: I believe the area of why eutectics form
and what the phase diagrams look like and why eutectic is
formed is basicaliy metallurgy.

DR. FORD: Well, I will translate my guestion. Does
West inghouse have a metalilurgist?

DR, ROLL: Of course we have a metallurgist.

. DR, FORD: Then in terms of this particular metal-~
water reaction you are note-

DR, ROLL: VYou are talking eutectic Formation.

DR, FORD: Right. And the metal-water reaction

T
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between this liquid metal eutectic which melts at i7604
degrees Fahrenheit, according to the General Electrie data,
in terms of the reaction between this and water or metal-
water reaction, that's why the whole area is addressed o you,
but are you saying that it's mainly a metallurgical phenomenon
that you are_not the cognizant person to discuss this matter
with?

DR, ROLL: The formation of the eutectic per se
given intimate contact and zirccnium at 1760 degrees will

happen. fThat’s a property of the material combination. /

; Why it didn‘t happen in this particular test, the Source

| of why it didn®t happen in our particular test is twofeld.

mumber one, we had a point contact. That is in
our 6ésign the spring is in contact with the rod at only a
very small total area,

And, number two, is duxiné the heat-up of the
bimetallic test specimen and alse as will happen in the
reactaf there is a coating of zirconium oxide on the surface
of the rod and this would effectively separate the bare
zirconium metal and the bare nickel metal from each other
and preclude, for the time.of interest at least, the forma-
Eion of more than a very, almost insignificant quantity of
eutectj.c°

DR, FORD: I see. Now you mentioned that there is

only one peint of contact.
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DR, ROLL: I didn‘t say that.

DR, FORD: ©h, excuse me, What was your point?

DR. ROLL: I said the point of contactbetween the
spring and the red is very small,

DR. FORD: I see, But for 2 given rod how many
contacts are there that are small?

DR, ROLL: Well, it'’s six points pexr grid per rod
and there are seven grids alch§ the rod and I believe there
are nine grids total on fhe~two on the end, so that nine
t imes éik wouiﬂ be fifty-four points of contact per rod. We.
can carry that on to times approximately 40,000 rods to get
the total number of points of contact in the reactor.

DR, FORD: fThe question is concerning the explénao
tion for eutectiec formﬁtien as related to the exparimenés
that you performed on eutectic fcrmaéion and what 1°d like
to ask is whether or not you have sufficient confidence of
the mechanisms of evtectic férmation to say, to give us a
qualified opinion as to whether or not this particular test
was done in cognizance with the whole theory of the eutectic
formation, such that it really gave eutectic formatiom & fair
trial?

DR. ROLL: We believe, and this was not a unilateral
decigion on my part, but we did consult with the metallurgical
group at the time, we believe that the test is an adequate

demonstration of our set of conditions with cur geometries.
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DR. FORD: I see, But this is not something which

you ere presonally testifying te, that vou have reviewed the
relevant data pertaining to eutectic formation angd therefmré
can say that the tests that were conducted gave sophlstlcated
consxaeratlon to this relevant area of eutectic formatxon@z
therefore constituted an adequat@ test. This isn't your own
personal affirmation as an expert witness, is it?

DR, ROLL: The tests that were conducted gave
ardequai:e demonstration for our conditions. fhe objective was
not to learn all there is to know abouﬁ the formation of ‘.
éutecéicsq

| DR, FORD: But in terms of your own conditions are
YQu sure that there is no phencmenon that would be expected
to occur in loss of coolant accident or no interaction
between this phenomenon which woulé encduzage eﬁtectic forma-
tion, but which was not ccnsidéred in your test?

DR. RCOLL: I can think of none now with vour con-
ditiéns or relewvance which we are not adeqdatély simulat ing
in thesé tests,

DR, FG@D: But I'm talking specifically in terms
of the fact that you seem to be saying that the basic theory
as to why eutectics form and so forth ie not something which
you will testify to ag an expert witness.

DR. ROLL: That's correct.

DR, FORD: so that if I asked you for example to
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set forth all of the conditions postulated for a loss o£
ceolant aceident thaé influenée eutectic formation you would
decline tc answer that Gguestion.,
DR, ROLL: I would decline to answer that question
at this very minute.

DR, FORD: So that if I follow that guestion by

azking you to explain to me which of those conditions which

should be considered were considered in the test that you

could net give an expexrt answer on that, is that correct?

DR. ROLL: No, I don‘t think so. I think you are

asking am I prepérea to go iﬁto a diséertation ¢n eutectic
formation and then obtain as a result .of this a list of all
the varisbles which might affect the presence or absence of
a eutectic and I'm preparzed to say that at this time. But
you are asking by inference have we ﬁissed something of
major importance im the test which we ran which had been
presented in the reference éocumentvk My answexr to that is
I believe not, | |

DR, FORD: I think my concern here is simply to
find out why in one of a recent series of important tests
we got eutectic formation which contributed in a very
significant way to local cladding damage, and why in another
test we didn't get ii, and I'm trving to find what is the
&ep&h'of the analysis that you are prepared to offer to

resolve this kind of basic question. BAnd it's in this
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regard that--well, do you regard the General ERlectric tesi
result which showed the temperatu:e gpikes due to eutecties,
is that an anomaly or is yéur test result that didn’t inciu&e‘
eutectic melting an ancmaly?

DR. ROLL: We believe that our tests which did not
show eutectic melting iz not an anomaly' I believe that it's
perhaps imprudent of us‘to conjecture on the details of the
GE feat, and how one might intérpreﬁ the results in light of
our own set of conditions.

DR, FORD: You are called upom to support your
poesition that your result is not anlanomaly am I to take it
from your previous remarks that vou are not able te argue in
terms of the theory of eutectic formation and the conditions
which influence it, that you are not able to argue on that
basis to support your pesition?

DR. ROLL: That's correct.

DR, PORD: So that basically your test results
pertaining to the lack of eutectic melting, you can offer no
theoretical support for that?

DR, ROLL: I can offer the fact that we didn‘t see
any eutectic formation. T%at’é not theoretical, that's data,

DR. ROLL: Right. I am zsking the further question
asg to wh&éher we Should reéard that data as exclusive in
light of the theory that we have developed, if we have

developed any, related to eutecticformation, and do you think
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you can Be responsive teo this concern?
DR, ROLL: I believe we have conducted eight tests
which adequately cover the conditions of concern, The t@stsé
which have been summarized in the document and presented.

for that purpese.

DR, FORD: Can you give a definition of the term

"adequately covered®?
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DR. ROLL: We have answered to our satisfaction
the concern that has been raised and our satisfaction
as measured by'our willingness to put the data and the
interpretation of this data in a document, which is
generally available.

DR, FORD: When you used the term "our,”
you are not relying on your own judgment and analysis?
You are relying on the judgment and analysis of scmebody
back in the shop, that they did this test right and there
is no question at all about it?

DR, ROLL: And that others that are using
the results of this test feel that this provides adequate
demonstration of the condition of concern.

DR. FORD: Can you tell ﬁe who else is using
this test?

tRo ROLL: Westinghouse Electric is using this

test,

DR. FORD: They are the ones that developed it?

DR. ROLL: That'’s right.

DR, FORD: 1Is there someone else? 1Is your test
result something relied upon by people who use eutectics
’in general?

DR, ROLL: I'm not a student of loss of coolant
analyses in literature. Therefore, I can’t comment on

whecher somebody else is using this or not.
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DR, FORD: So basically you are saying that you
yourself are not prepared as an experct witness to affirm
this test as a valid one? You are simpiy relying on
the fact that Westinghouse did it?

DR, ROLL: What are you inferring? Maybe you
are stating something that I am totally wmissing.

DR, FORD: I am trying to find out whether
this is a vaiild test. Vou say it is, But when asked to
give in terms of what we know about this metallurgical

phencmenon in terms that it is a metallurgical question

and outside of your sphere of technology -« At any rate,

' you are saying that you don’t have the relevent background
¥y ying g

and experience., You are still affirming the test. I am
trying to figure out how this is at all reesonable,
MR, TROSTEN: Mr. Chaimman, I suggest what is
happening here is that Mr., Ford has asked the question.
He has actually asked it several times in several different
ways. The witness has answered the guestion several times
in several different ways. Mr. Ford doesn’t like ihe
answer that the witness has given and is in a sense arguiag
with the witness, I think he is going on like this. 1
would request that you ovder that i¢ cease at this point.
CHAIRMAN JENSCH: I take it your statement is
an objection?

MR, TROSTEN: Yes, sir.
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CHAIRMAN JENSCH: I think there is a great deal
of repetition in the questioning. I think the witness
has indicated the scope of his familiarity, He dossn't
know the work in detail. Maybe you are leading up to 2
requeat that some other witness be presented, But I
think it should be as far as this wituness is concerned
concerning those tests that have been pxetiy adequately
covered. Do yvow not think sof?

DR. FORD: I was just about to conclude.

CHAIRMAN JENSCH: wb will sustain the objection
;and make it certain..
| DR, FORD: Additional metal-water reaction
that we are concerned with iz the wmetal-water reaction
between uranium dioride fuel and the steam once the fuel
xod has burst. Can you set forth the exzperimental work,
theoretical work that Westinghouse has done in thiz area?

DR. ROLL: Did you say did I or could 1I?

DR. FORD: Would you please.

DR, ROLL: I believe I answered earlier that
the reaction of U0y and water to a higher oxide of UCH
is thermodynamically not what happens at these temperatures,
énd that we have done no experimental work to confirm
the rate, the nature, the extent of this reaction or lack
of reaction,

DR, FORD: So that you would contest the
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conclusion of the Idaho Nuclear metallurgical analysts -«
1 am quoting from IN 1453; that another possibility is
the two perforations resulting from eutectic melting
caused by the lantern springs or resulting from other
causes would allow steam to come in contact with the
uranium dioxide. The uranium dioxide may be converted to
U308 which would thermodynamically be extected to react
with the zircalloy. These possibilities bear further
investigation and further work.

You disagree with their analysis of the
possibilities for this conversion; is that correct?

CHAIRMAW JENSCH: Hand the document to the
witness.

DR, FORD: Yes.

DR. ROLL: Thke Idaho people from which you have
quoted this statement presumsbly are saying, gee, there
are several materials here which are in contact under
certain conditions and which one might be concerned about.
the degree of heat release or heat evolution in the event
they react. That, as a flat statement, I can agree with.
However, one might also want to take the wext step
_and review the thermodynamics of some of these reactions
without a significant amount of work, and say, number one,
has work been done; if not been done explicitly, what afe

the indications on the extent or rate or heat evolution in
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the event that these reactions do take place; and reach
some early indications of what ought to be done. 1In
developing our calculational procedures which are loss
of coolant accident and analysis in toto, these kinds of
reactions had been reviewed as potentials and rejected
as possible or significant or even notable contributors

to the total heat load which the analysis must carry.
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DR, FORD: Can you provide us with the analysis
that was made when this review was made? »nid you personally
méke it?

DR, ROLL: I did not.

DR, FORD: &Are you familiar with what the thermo-
dynamic argument was? ,

DR. ROLL: The thermodynamic argument based on
free energies of formation of the compounds énd thermo-
&ynamics will tell you whether or not a reactiomn will go
or not under the conditions of interest. It won't tell you ,
that it defimitely will, but it cén tell you that it
definitely won't or will to a slight extent. Tt is this
type of an approach that was used.

DR. FORD: Wwhat I am asking you for is whether
you are familiar with the actual instance of this approach
that was used?

DR, ROLL: No, I'm not. This was the approach
that was used and this was the approach that is used in
reporting the data. Do we have in hand a decument that can
be brought out that summarizes this calculatiorn and process,
no. I wouldn’t know where to go to find such a document,

DR, FOR®D: You know that some theoretical analysis was
dqne, although it is not in any form accessible to inspec-
tion, and you also-~1 believe you said before thé% there was

no experimental werk done to confirm this?
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DR. ROLL: I said that we have no experimental work.

DR. FORD: You have no experimental work?

DR, ROLL: No., I believe that in some cases there
are some experiments which could be partly if not totally
germane to the specific conditions.

DR, FORD: In texrms of éhe seriocusness with which
the Idaho Nuclear peoplé\take this matter-~I looked to see if
it says this will happen. I don’t find any. Isn't it correct

that in this test, what they were responding to is an ancmaly

- occurring in a very late stage, in our experience with nucleayr

?GWerg that they are resgonding to metallurgical performance
éncmalies that were not anticipated at all. 1s that the con-
text in which you regard them as having made this suggestion
for further work?

DR, ROLLs Perhaps.

DR, FCRD: In terms of anomalous metal-water
reaction that has been noted in the FLECHT test--for example,.
the alumina reaction--I presume you are familiar with that?

DR. ROLL: Yes, sirx,

DR. FORD: bpPricr to the actual observation of this
reactor in the FLECHT test, have any analyses that you or
Wéstinghouse had performed, basic general thermcaynamic con-
siderations, and so forth, had that predicted this kind of
reaction?

DR. ROLL: Again, I'm unaware of such calculations,
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DR. FORD: I see, So that the reaction which took
place between the alumina, which you use as a filter, and the
zircalloy itself, that that was something that was not thought
of before_and not anticipated, obviously, because it wouldn’t
have set up such a funay refractory if they expécteﬂ to use
something like this; is that correct?

DR, ROLL: Wait one moment. In what context were
these alumina zirconium reactors?

‘Dﬁw FORD: The alumina was used as filter rods as

they were in your own tests. ¥You had the hollow piece of

’

zircalloy tubing with a molybdenum filament, and that in order

the void in the tube, and what they observed was that in
temperatures in the order of 2100, 2200 degrees, that the
alumina filter reacted with the zircalloy cladding which
melted and reacted with water which caused extensive local
cladding damage. That's in answer to your question to me,
That's the frame in reference in which I am talking about
alumina,

I believe it is correct that you used, in your rods
involving filaments, nichrome.

DR, ROLL: I wondexr if I could guote foxr the record--

CHA IRMAN afENSCHe Iet him finish.

DR. FORD: I am correct that in these tests or in

21l of the tests that you use these filaments, heating
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filaments, inside the rod, you do.use alumina? That's not
correct ?

DR, ROLL: That’'s not correct.

DR, FORD: Do you use an alternative filter?

DR, ROLL: Could I quote from the final report on
the FLECHT tests?w It is WCAP 7665, mage A~3, +his may be

responsive @ your question.

“Boron nitride was selected &s the insulation materia

for FLECHT heaters because it has a substantially higher
thermo conductivity than alternate materizlis such as alumina
or magnesia. Thus, for a given clad temperature, the
resistance element temperature is lower with Roron mitride
than with the other materials which were considered., T
addition, concern about zircalloy--ceramic reactions as a
possibie cause of Group IIT heater failure at elevated
tehp@zature was a factor in the preference for Boron nitride.
Subseguent BWR FLECHT experience was shown that reactions
between zircallo& and alumina can take place at temperatures
as low as 1500 degrees F, and can result in heater rod
failure.®

DR, FORD: Ipt me repeat an earlier guestion. Yb&
have used alumina in scme of the tests.

DR, ROLL: Perhaps, but with stainless stedl rods.

The concern was for the Group ITI rode in that quote.

Sme s ama S sama

$ond
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DR. FCRD: So you used no alumina with zircalloy
roids; is that correct?

DR. ROLL: That apparently is correct, That's
what it says here. '

DR. FORD: This is WCAP-7379, Volume II. It
says on page 2, "Twenty tests were performed of these
irradiated tubes. These are tubes from Vankee Row E."
it says, and I quote with reference to the Yankee Row E
fuel, ”Twentyvtests were periormed on these irradiated
tubes. Sixteen were tested for failure at various internal ,
pressure and heating rate conditions (these tests were
run with A1203 peliets alumina) --"

So that you do, in fact, use alumina contrary
to your statement that -

DR, ﬁOLL: Net in contrary to the statement.
Those weren't FLECHT heater vod tests. Those were burst
tests, |

DR. FORD: My question was not with regard to
FLECHT. 7T simply wanted to know, tests_that you conducted
with electric filaments, did you use alumina?

DR, ROLL: The answer is no. I believe those
tests were not filament heated,

DR. FORD: It is parenthetical., Filament heated

or not, you ncvertheless in these tests used alumina?

DR. ROLL: As simulated UOZ pellets inside the
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rods,

DR. FORD:. One cf~the things in the longer
statement you read, you footncte the Idaho Wuclear
metallurgical evaluation pertaining to alumina. What
1’d like you to explain about that is the quotation

here says that zircalloy and alumina -- That reactions

between zircalloy and alumina can take place at temperatures

as low as 1500 degrees Fahrepheit and can result in
heater vod failure. This was not knowmn to you before
these BWR-FLECHT tests; is that correct?

DR. ROLL: On the contrary. The development
work certaiﬁiy took place earlier than Februar§ of 1971,
if the final report is documented in April of ‘71.

DR. FORD: Let me understand, Before the
anomalous reaction occurred in the BWR~FLECHT tests, had
you begn aware that this type of reaction between
alumina and rhe cladding could take place at temperatures
of 1300 degrees?

DR. ROLL: I believe that statement is made
in the paragraph which we just quoted.

CHAIRMAN JENSCH: Did you understand that it
occurred?

DR. ROLL: Yes. The concérn about that reaction
was the reason for not selecting ~- Was the reason for

selecting boron nitride for our own heater rods for the

- —nemazz:

s
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zircalloy class. .

DR, FORD:*‘I am asking you before the reaction
was observed in the Idaho test, was this something that
you had previously expected?

DR. ROLL: Yes,

DR, FORD: There seems to me to be some great
difference in you% understanding of alﬁmima“s potential
reactions and the Idaho people. Isn't it clear im the
statements frcm_ldaho that this is completely unexpected
reaction, that they state in their conclusions?

DR, ROLL: To answer that question, we would
have to go into the context of all the reports that are
being referenced here,

DR, FORD: You obviousiy take it inte account
after it happened.

DR, ROLL: No, not obviously. Obviously it
was taken into account before it happened, because it was
takenn into account during the heater rod develcopment for
the FVLECHT zirc clad heaters.

DR. FORD: 1In your taking account of this,
the suggestion that the Idaho people have made subsequent
to its occurrence, was that the time at whih it was
reviewed; or was it decided at some earlier point that
ﬁranium transfbrmation to U30g reaction 6f the cladding,

somei:hing that you didn't have to worry about? When did




D E————SS———————SE A T
U3-Wm=-4 2479

1 this review take place relative to the BWR-FLECHT results?

’ 2 - DR, ROLL: :I'm not completely up te date on

3 all the chronology in our FLECHT tests, the Idaho reviews
‘ & and the BWR-FLECHT tests. However, the statement that is

5 made here is that the subsequent BWR experience confirmed

6 this concern.

7 DR, FORD: My question really pertained to your

8 analysis of the uranium reaction. What I am trying to

g ascertain is when was the analysis that you rely upon

10 done with regard to uranium transformation to Usﬁg? )

1| DR. ROLL: I don't know.

02 DR, FORD: .So that in terms of its up-to-dateness
‘ 13 and review in terms of these matters, is it a matter of

14 montns or years or whenesver this was decided?

i5 ’ DR. ROLL: It is not a matter of months.

6 CHAIRMAN JENSCH: 1Is this a convenient time

17 for you to interrupt y‘cur examination?

18 | DR. FORD: I think seo.

39 CHAIRMAN JENSCH: Is there anything before we

20 recess?

25 MR. TROSIEN: Yes, there is something I would

22 .like to offer. Mr. Chairman, as I indicated previously
. 23 in the hearing, the Applicant and three of the Intervenofs

24 have entered into a stipulation generally reflected on

() | o
25 the record at the hearing on October 5th concerning the




U3-Wm-5 2480

i further conduct of proceedings. 1 refer to the further

‘ 2 conduct of the radioclogical safety proceedings as well
3 as the environmental proceedings., I won't bother

. 4 sumnarizing these matters because of what was said on
5 the record on October 5th.

Pursuant to 10 CFR 2.7433 and alsc 2.753, I would

€2

like to offer this stipulation among Applicant and

et

3 Intervenor®s Citizen's Committee for the Protection of
) the Environment, Environmental Defense Fund and Hudson
10 River Fisherw:n's Association, concerning further conduct

13 of this proceeding, as a joint exhibit in this proceeding

82 " on the part of the Applicant and the three named Intervenors,
. 13 Copies will be served at this point on the other parties

14 which are present in the room at this time, and copies

15 will be served in accordance with the regulaticns on

i8 the other parties at the proceeding,

17 CHAIRMAN JENSCH: May we see a copy?

18 MR, TROSTEN: Yes.

™ Although we are prepared to of fexr it as an

20 exhibit, Mr. Chairman, it is entively satisfactory to us

21 to have it incorporated in the transcript of the proceeding,

2z .if you wish.
. 23 CHAIRMAN JENSCH: What is the i)urpose of the offer?

24 | MR, Tk@SﬁfEN: The purpose of the offer, Mr. '

25 Chairman, is to set forth the understanding of the Applicant
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and these three Intervenors as to the further procedure
to be followed, and particularly with respect to the timing
of procedure for the conduct of the radiological safety

hearings, and also for the conduct of the environmental

‘hearings.,

As contemplated by the Commission's regulations,
the Applicant and these three Intervencrs have stipulated
as to the procedural aspects of this procesding. We
wanted to offer this as an exhibit in this. proceeding to
set forth and record for the record what our understanding
is. It is also our purpose in doing this, Mr. Chairman;
to further ad?ise the Board as to the intentions of Chese
pariies to the proceedings with respect to actions which
we are hopeful can be taken by the Regulatory Staff and
aiso by the Board.

CHAIRMAN JENSCH: Let us review the matter, I
notice on page 7, just scanning the pages, "The stipulating
parties agree that the Board should conclude any hearings.
that the Board <onsiders necessary concerning the issuance
of such license and -~ " You refer to four days of
continuous session., I’m sure the Board will not make any
commitment as to how long it should receive evidence in
this matter nor exhaust its concerns respecting the matter.

I'm sure the Commission is anxious that a full and conplete
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record be made.
3

I think time schedules get more limi?ing so
that if any suggestions given to the Board that thou
shalt complete in four days, I just feel it might be
somewhat beyond even what the Administrative Procedure
Act contemplates for a yearing.

MR. TROSTEN: WNo, Mr. Chairman, I certainly
hope the Board does mot interpret that way. That was
not, of course, the intent at all of the stipulating
parties to suggest to the Board that the Board ig in any
sense bound by this stipulation. This represents an
agreement among the stipulating parties as to what those
parties felt ought to be done., The Board will of course
determine the order of the proceedings here.

In the event that we wish to make a motion
pursuant to the Commission’s regulations for an expedited
proceeding, we will, of course, submit a motion in
accordance with the Commission's regulations.

CHAIRMAN JENSCH: We will give consideration to
this matter. If there .is nothing further at this time -

MR. ROISMAN: Mr. Chairman, excuse me. Just
to keep the record straight, I would like to say that the
participation of the Citizen's Committee for the Protection
of the Environment, as reflected in the stipulation, is

a statement on their part that they continue to oppose

s
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the issuance of any license for this plant, We are
included in there because we are willing to have the Board
consider the issuance of such license subject to our
objections based upon radiological safety matters at the
conclusion of these radiological safety hearings.

Less there be any confusion -« And I‘m not
going to be so concerned with the Board being eonfuseds
but rather any members of the public who are here at
the hearing confusing it, the Citizen's Committee for

the Protection of the Environment is unalterably opposed

, to any kind of a licensze, testing, coperating, limited or

- otherwise., That stipulation makes clear that we have

thatopposition,

LCHATRMAN JENSCH: Very well.

MR. MACBETH: One last matter. As you know,
the Hudson River Fishermen's Asscciation have not been
cross-examining on the radiological case. I would 1li%e to
be excused until the end of the radiclogical case. I have
been here for the last two days partially working ocut this
stipulation with other parties. I would prefer if I could
return when we reach the environmental matters,

CHAIRMAN JENSCH: You could be excused, but you
are obligated to ascertain whén that aspect of the case

comes up. No notice will be given by the Board to you

for your time to return.
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At this time we will recess and reconvene in

this room tomorrow morning at nine o'clock.

(Hearing adjourneda)

* % %k
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