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

Thursday, November 4, 1971

The above-entitled matter came on for hearing,

pursuant to notice, at 9:00 a.m.

 BEFORE:

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

DR. JOHN C., GEYER, Member.

MR. R, B, BRIGGS, Member.
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CHAIRMAN JENSCH: Please come to order.

Before we proceed with the evidence this

morningg the Board would like ¢o provide an addendum to

its Statement thh reference to proposed findings and

conclusions. The Board discussed that with the parties
yesterday,7

"In connection with the propased flndlngs of

-fact and conclusions; the Board Wlll appreclate the

Applicant and the Intervenors submitting a brief in
connéction with their proposed findings of'fééﬁ and
conclusions. The Staff, we would appreciate if;néffa
brief, a statement of comments, possibly, in connection with
the proposals which have been submitted by bath théi
Appllcant and the Intervenors which WOuld ‘@ean that
probably after the Intervenors have flled the Staff
will at a .later time submit its comments.

| Very well.

MR. TROSTEN: Excuse me, Mr, Chairman. We
ﬁnderstand, of course, that there are a number of legal
questions that will have to be briefed. Were you preparing
to idéntify at this poiﬁtlény partiéﬁlar items?

CHAIRMAN JENSCH: No. We would like to have
a brief in connection with the proposals made by the
Applicant and the Intervenors so they will make a

selection of those items which they think are of greatest
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importance as well as all the legal issqes involved.

With that, if there is nothing further, are we
ready to proceed with the further interrogation of the
witnesses? I see an absence of withesses.in the front row.
1 notice that they are getting farther and farther in back
of the room as the hearing goes ojo; Mr. Moore ié coming
from the last row ndw,

MR, TROSTEN: They are trying to get away, .

Mr, Chairman. |

CHAIRMAN JENSCH: I take it that is no necessary
reflection on the character of the intéffcgatiqn either.

4 . MR, ROISMAN: Mr, Chairman, 1 understand that
ﬁhe;Stafé_ﬁas going to make a formal submittél of a
doc;@ent into evidence. Mr. Kérﬁan, are you éoing éo do
tﬁat now? ;

MR, KARMAN: Yes.,

On Monday, Mr. Chairman, I offered into evidence
the Supplement No. 3 on Staff safety evaluation, the
pressure vessel report of the AEC Regulator Staff in
response to questions of the Atomic Safety and Licensing

Board, and reéponses to the Board by the Regulator Staff

related to questions aSked ﬁy the Board on October 5, 1971

session of this proceeding.

I have, Mr. Chairman, copies of the corrections

which were read by Mr. Novak with respect to Supplement No. 3
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to the Safety Evaluation. Mr, Novak will now distribute
those corrections to the Board and to the parties. I have
6né correction to make in the pressure vessel report,
whﬁ:h, too, has " been distributed to all the parties,
_:5 On page 30 of said report, on the third line
df the last page9 strike the words “installation in the
plant“ and substitute in place thereof the word ”hydrotest "

That s the only correction to that report

Mr. Chairman.

| CHAIRMAN JENSCH: Very well.




2115
BEBtl i | MR, KARMAN: I again offer these documents in eviéenc

. 2 LA T will séy at this time I am not certain we have sufficient

3 copies for the stenographer, but we will ha\fe. them when we
. 4 rgturn on Monday. |

5 ' .: CHAIRMAN JENSCH: Is there any obijection to the

6 of.f‘ezi by staff counsel? Applicant?

7 LL . MR. TROSTEN: Ko obje'c‘tio:n. r..Chairman.

8 CHAIRMAN JENSCH: Intervenors? -

9 .' - MR, ROISMMI: No obiection.

10 | CHAIRMAN JENSCH: Very well, The offer in evidence

11 avs identified by staff counsel is accepted and th;e dcié;diﬁer;tary

12 material to which staff counsel referred may be'i.ncorpqi-ai;ed “
. 12- || in the transcript as re:flgctinq evidence. fro}n,. the Reéhlf;éto:\:yl

14 || Staff.

15 Does thét complete the offer by the staff ?

16 MR, KARMAN: Yes, Mr. Chairman. |

17 CHAIRMAN JENSCH: YVery well, Are we now ready to

18 | proceéd?. |

b E] ! | MR, ROISMAN: Mr. Chairman, just one question SO

20 t?ia{: 1 will be able to do my scheduling appropriately. wWill

21 the Board be plansniricv to do a éross—examinatié;i o% the
. 22 ' Applicant or staff witnesses on the Reactor Pressure vessel

23 " subject or do vou know at this time? I just want to make
. 24 sure that I am not schedulino thinags for a time when the

25 poard would wént to be doing it.
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MR, KARMAN: As I indicated I believe on Monday,
Mr. Chairman, we would be extremely agrateful if the moard
decides that it does neé& further clarification on the
Pressure Vessel Report that we be given some time to have the
appropriate witne;é preéent°

CHA IRMAN JENSCH: Yes. fThere will be some gues-
tionina but Wwe cannot indicate how much.

MR, KARMAN: Thank you.

MR, TROSTEN: Mr. Chairman, because Of the fact that

- we have a panel of several witnesses as T mehtioned we need, ,

‘We would lxke to have twenty-four hours® notlce 1f We could
in order to have these pBOple present, . so 1f you would bear
that in mlnd we'd be very appreczative of that,_

| CHAIRMAN JENGCH: ves, If you W111 be of
assistance to the Board and if vou will 1ndlcate when you are
completine your other cross~exam1natxon we will know how near
the subject of pPressure vessel will be arlslﬁqa

MR, TROSTEN: well, the onlv direct examination,

R

Mr. Chairman, that we,presentiy know that.wé are goinc to--~
you sav complete our'cross~examinatign? ‘
CHA IRMAN JENSCH: On other subjects. Aé we move

alono from subject to subject so that we will know when it

will be convenient to the pirties to have the witnesses here

on the vessel.

MR, TROSTEN: I can comment on this point.




BLBt3 2717

1& CHATRMAN JENSCH: please do,

{

. 2 MR. TROSTEN: I have been talking to Mr. Roisman _
3 abbut the scheduling of further BCES and other matters, We

‘ 4 certainly are qgoinc to be continuing on ECCS matters t‘ddéva
5 r:understané that Mr. Roisman will want to cpptihue on gccs
& 4 métters in the early part of next week. We aré_fentatiﬁely
7 : dﬁécuséing possibly fTuesday as a time fdr the state of New‘
8 York witnesses to be cross-examined, @lthouoh Mr. Roisman haé
o | not aocreed to that at this point because of Hié schedule

10 problems.,
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MR, TROSTEN: Applicant does intend to offer
a limited amount of direct examination on plant security
matters for the ig,cémera session which should t#ke a’

very brief period of time. We will be able to advise

the Board no ;atet than Monday morning as to the extent,

if any, on thé matter of ECCS insofar as the testimony
to date ié concerned. It's possible that we will have
some redirect on that. We will certainly advise you
immediately on Monday morning. | |

So that is about the situation at. the present

- time, Mr. Chairman,

CHAIRMAN JENSCH: Well, the Board will better
be able to indicate its position by Mbnday,.ahd in any
event it looks like Wednesday would be thé;fftst |
opportunity, but we should be able to indicate_to you on
Monday.

MR, TROSTEN: Thank 'ryou, Mr. Chairman,

MR, KARMAN: Mr, Chairman, I would also like for
the Board and for Mr. Roisman, if it’s at all possible,
wé ére contemplating bringing with us several addipianal

witnesses to respond to the‘cross«eﬁ@ﬁination on ECCS.

Of course, the Board has been extremely cooperative as-

have the parties, with other parties to this proceeding,
and I would certainly expect the same treatment. And if

we can get some idea when these witnesses are going to be
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up here, because for me to bring three or four men and
for them to sit two or three days here would be, I believe
would be rathér wasteful for the taxpayer as well as
everybody else.

We are extremely anxious to cooperate with this
éoard in every possible way. However, I feel we should
have some definitive time for these witnesses to be aware
of the fact as to when they will bé on the stand,

CHAIRMAN JENSCH: Well, did I understand from
a statement by Applicant's Counsel there will be some
interrogation even on Monday the 8th on ECCS, Tuesday
thé State of New York, and I infer the plant security
evidence might come in on Tuesday, too,

MR. TROSTEN: Certainly Tuesday would be flne
fﬁr plant security 1f its satlsfactory to Mr Roisman,

I gather it is not,

The only thing that I can't give you a definitive
dtatement on at this point, Mr. Chairman, is the extent,
iffanyﬁ-of redirect on ECCS as far as the traﬁscript to
date is concerned. But I will know that first thing
Monday morning. |

CHAIRMAN JENSCH: Well, could this be donég
You, the Applicant and the Staff decide what the situation
will be in reference to your poSsible redirect on ECCS

and as soon as we have accommodated the State of New York,
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which as I understand has made a request for a specific
time -- |
MR, TROSTEN: Yes.

‘CHAIRMAN JENSCH: As soon as the Tuesday
performance by the State of New York is over we will take
up either the redirect and ECCS or proceed 1mmed1ate1y
to the Staff ECCS. |

So in any event, it would start sometime perhaps
on Tuesday with the Staff evidence. Would that be
agreeable to the Staff?

MR, RARMAN: That would be fine. Mr. Roisman

' is going to be the one who is doing most of the intéfroéatibn

oﬁ this. |

MR, ROISMAN: Mr. Cﬁairman9 it has been our
planning and we have not yet been able to settle upon
a time with the State of New York for their witnesses to
come, that we would take the first four days of next
week on ECCS, probably the first three witﬁ the Applicant’s
withesses and the fourth with the Staff witnesses., Part
of the difficulty, this is something that 1 am trying to

get into a well-enough written form to sho'w:,.Mre Kaxman,

.may be a legal problem in terms of us wanted to find out

what happened at the ECCS task force meetings and
Mr. Karman not wanting us to find out,

MR, KARMAN: I take exception, Mr. Chairman.
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MR, ROISMAN: Maybe I understated his position.

In any case, our questions to.the Staff are not
the same questions that we asked to the Applicant, but
primafiiy questions related to the manner in which the
interim criteria were established, the evidence that was
%éliedfupon in setting those up and also some idea of
the application of the interim policy statement to this
;peéific case as the Staff undérstan&s it so that we will
have a better idea of what these interim policy statements
mean. |

1t is not an exceedingly lucid documentg at
least it doesn't appear to be to us, but Mr.Ford's
availability to us .is on a2 limited basis and that is
why I wanted to do only ECCS during the first four days
6% next week and then on Friday move out of the ECCS
into the other areas. But I understand that that may have
some difficulty for the State of New York. I am going

to talk to their attorney, who I understand is here, is

going to be here shortly, and talk to him about that and

see if we can work that out.
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CHAIRMAN JENSCH: Well, the poard has indicated

before, the schedulinuy of witnesses, the availability of their

pérsonnel is a problem that can better be resolved amonc

themselves. The Board is amenable to any agreeable arrange-

ment that all the parties work out. 8o we will be ready and

here and Will'be‘available for the pfésentations that are made.|

it will be up €6 the parties then to schedule these things

among éhéméélvesw What chances they make will be agreeéblg
to the Board.

The dbjectiﬁe ﬁhe Roard ﬁas in mind is to have )
wiﬁnésses here when there is time to hear their presentations.

MR, TROSTEN: Thank you, Mr. Chairman. We will
try to work it out.

CHATRMAN JENSCH: Very well. 1Iet's proceed.

MR, ROISMAN: Mr. Moore, 1°d like to bégiﬁ Eﬁis
mornine, if you will, with some evaluation material.  If we
can, let us oet a cataloguing of things so we will know what
we are talﬁing about iater,

éan yo& tell me by désignation the codes téét are
used for evaluation of iﬁe pérforméncé of the Fmerdency Core
cooling gystem and the sﬁbjéct aréa éﬁat thét pazticulaf‘code
covers for the plant? In other words, if you have one that
covers your blowdown and one that covers the performance of

the rods, and so forth, I will make sure I will use the

right code labels. I just want a one-tine description of it.
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MR, MOORE: Yes. The first code is a blowdown code,
our SATAN code. This code calculates the thermal,hydraulick
péfformance, the blowdown of the system. It carries out to
the end of the blowdown. It carries out the transients'tc_.
thé end of the blowdown. |
. Then there is a reflood calculation which is per-
ﬁbfﬁeﬂ for the post blowdown part of the'fzansiéht as the
accumulator of water, additional accumulator water is intor-
duce& to the system and is used to calculate the floodlng
rate into the core. : .,1. : ,
Then there is a heat téansienfwo |
MR. ROISHAN: What i§ the name of that?
MR. MOORE: There is no épeciéic'Aém; for;tg$t 
particular one. :
MR, ROISMAN: hank you. 2:2 ' |
MR. MOORE: Then the temperature tf&nsienés;ére
calculated with the L6CTA code. fThis calgulates the thermal
behavior of the fuel rod, using input from the previdus codes.

MR, ROISMAN: With reference to the LOCTA coﬂé;

that rlght? We have dlscussed it prevzously. I belleve.
MR.MOORE: 4Tnat's right.
MR. ROISMAN: Can you explain to me how precise the

measurements are of the code in terms of what actually happens?

Iet me give you a couple of specific examples.
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yegion: is that right?

2724 .
First, as I understand it, the regions are not

geographic regions in the sense that the upper left-hand

corner is ome region, But rather, the regions defined by the

temperature or the power distribution is what defines what the

region is; is that correct?
MR, MOORE: Yes.
MR. ROISMAN: And these are power &istributlons

.....

computatxoﬂs wade on the basis of haw power distribution is

prior, to the time of any accident. All the rods are at a

’
1

 MR. MOORE: ves. 1

MR;'ROISMAms The power regions, how aze tﬁeyﬁl
Aré they even throughout? In other werds, is the powér dis~
tribution within 2 region on a specific rod--is the ﬁGWer
distribution identical throughomé the whole portion éfvthe
rod that is included in the region?

MR, MOORE: 1In a specific region?

MR. ROISMAN: ves.

R MR, MOORE: Ves. fThe power level in a speéific

region is constant, the same.

MR, ROISMAN: I think I didn’t make it clear. Iet

-me state it again,

Tt is assumed that it is the same. m point of

fact, do the rods come out having power distribution exactly
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the same within the region? In other words, is the manu-
facturing, and so forth, such that you can say with certainty'
that tﬁe power will be exacitly the same every inch of that |
particular rod that is within the power distiihutien region?

MR. MOORE: I'm soYry. Are we talkingébout in the
;%acﬁor or in thé calculation? | |

MR. ROISMAN: First I want to find out what the cods
simulates. Then I wanted to find “out how closely that
simulation is to what is actualiy true iﬂ*ﬁhe ﬁeactar, I am
now asking the other half, what's actually true in the
reactor. - |

MR, MOORE: I see. In the réacto: tﬁere are
variations in power levels between rods ev@g within é fuel
assembly. Of course, there a2re variations fféﬁ assemﬁly to

assembly. In the reactor there are differences within any

given assewbly of rods.
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MR, ROISMAN: 1In the code do you have any
designation by which you identify the regions, Region 1
or Region A or something like that?
MR. MOORE: HNo. These are not representative of
physical fégiéns, as 1 i@diéated earlier.
‘ﬁﬁo ROISMAN: 1 just wanted to get a basis so
Ge héhuéélﬁﬁébout a particular region Based upon the
éharacteristiés that are simulated for the code. Can you
call them Région 1?
| MR, MOORE: Fine,
MR. ROISMAN: In Region 1, let's assume it is
tﬁe one that has the highest pbwef‘deﬁéitﬁ, ﬁhat ié‘the
power density for all of the portions of rods in Région L?
| MR. MOORE: For Indian Point 2 it is 17.4
kilowatts per foot. X
MR, ROISMAN: 1Is that a power density that exists
over the entire length of a rod or only over a porticn?
MR, MOORE: That exists over the one-seventh
axial portion in the calculation.
MR, ROISMAN: In turning %fém the co&e}to the rod

itself, focusing your attention on any one rod in the core

that has a section with 17.4 kildwatts per foot power

density.
MR. MOORE: Yes.

MR, ROISMAN: In the one-seventh of the rod is
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the power density exactly 17.4 kilowatts per foot for the
entire one-seventh?

MR, MOORE:. No, it would not be exactly,

MR, ROISMAN: Can you give me an idea of ﬁhat
the range is?
; .- MR, MCORE: I would say it could vary several
percent along thét length in power. What ﬁe do, we have
re#liy simulatéé.the hottest spot in the whole core and
arﬁitrarily assumed that that .hottest spot which we doﬁ“t
physiééliy éxpect to exist does in fact exist over that
whole length, that one-seventh length.
| ‘»‘ MR, ROISMAN: I know there are seven fegibﬁéw
Are éhe& actually equal in length?

MR, MOORE: In the axial simﬁlatibn they éré
equal in length. | | B |

MR. ROISMAN: So one-seventh of the rod has
two or three percent variance?

MR, MOORE: 1'd say a few percent, two or three,
along that length probably.

MR. ROISMAN: Those variances are inherent «-

Manufacturing processes can't provide you with anything

more precise than that; is that correct? Or is it
gsomething that happens during burn-up that changes it?
MR, MOORE: These are just typical variations

associated with the power distribution in the core, the

o D
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neutron flux distribution.

MR. ROISMAN: Does anything happen during the
operation of the core which would alter this, during
normal operation of the core?

MR, MOORE: That would alter these kinds of
vériances, for éxample?

MR° ROiSﬁAN: The power density of the one-seventh
portion of the fod.

| MSO ﬁé@RE: Yes, there are variations in power
density with operation, if that's your question,
5 MR, ROISHMAN: Just taking the rod that started
‘off with 17.4 plus or minus a few percent of its one~saventh
length, six months later what would the power density be
expected to be for that samewone-éeventh length? The same,
higher, lower? Would a variation within those seven
1éngths be different?

MR, MOORE: All of the above., It could be any
specific part of the core that may have a different _
power level depending on, of colirse, what power ievél &oﬁ
are operating at, full power, reduced power, and depending
where cogtrol rods are located at the time, So we take
the maximum condition that could occur any time in the
opératiqn» any time in the life of the core.

MR, ROISMAN: Nothing happensﬁto the rods during

the course of their use such that the maximum could be any
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higher?

MR, MOORE: That's correct. That’s how we
determine the 17.4

MR. ROISMAN: When you are computing under the
éode the temperature, you compute the temperature for
éhis one-seventh region, is that correct?

MR, MOORE: That's correct,

MR, ROISMAN: And again, you assume that the
entire region has whatever the temperature would be at
the hottest pinpoint in the regicn; is that correct? ,

| ‘MR, MOORE: Yes.

MR, ROISMAN: You_also add into the ﬁeat of the
rod the.heat of the metal-water reactions that are
considérédj'is that correct? |

MR. MOORE: Yes.

MR, ROISMAN: How is that heat added in? 1Is
all of the metal-water reaction heat assumed to afféct
the single point, or do you take the metal;water réacticn.

heat from a point and spread it over the entire one-seventh

"~ length of the rod?

MR, MOORE: Well, the metale-water reaction energy
would be a per unit length basis. So it would be distributed
evenly through that whole region as each gram of zirc

would react. That gram at that location would give up

so much energy.
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MR. ROISMAN: Let's talk about the real rod
rather than the simulated rod for a moment.

MR, MOORE: Yes.

MR. ROISMAN: We will focus on that pertion of
it that is one-seventh that has the hottest spot in it.
Tﬁere is a spot on there which may well be hotter than tﬁe
others, It is that hot spot that you use to determine the
heat for the whole rod for calculational purposes, but

in fact, if you could go into the core with a little

thermometer, you will find there will be variations within
.the one-seventh, and you have tried to pick the hiéheSt;

'is that right?

MR. MOORE: VYes.

MR. ROISMAN: 1'd like to focus your attention
on the highest point in reality that is actually»thefe‘
in the rod. If a metal-water reaction should occur at
that point, does your code show how that temperature
increases based upon the temperature increase from the
metal-water reaction on the point, or does the code take
the métalwwater reaction and take its heat and spread ;he
heat oﬁer thé entiré one-geventh? 'fn'oﬁherfwox‘dés if you

will dilute the heat contribution.
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MR, MOORE: I understand. ‘No, it does not. The
heat that's generated at the hot spot is all added to the
cladding at the hot spot.

MR, ROISMAN: And then the céde assumes that that
same metal water rxeaction has happened for the entire ane-
seventh., | |

MR. MOORE: vhat’s comrecﬂ'c° That's the reason we
overpredict the metal-water reactiﬁn for the calculation,
because we are really assuming the hot Spbt aééﬁéii§ é&iﬁts;
over omeoseventh of the rod rather than at a Loc& point ;
%, . | MR, ROISIAN: In the code Ltself is the calculatxam
able to say what the temperature is at a specific point thh1n
thp region, or is the code geared to only tell you what the
teﬁperature is at what you calculate will be the hottest point
in the region, and you assume if for the whéietﬁegiog?

MR. MOORE: Well, the code is calculating éﬁe
teﬁperature of a total region. Then as I have indicated

eailier, I think, the temperature of all the cla&ding in that

_ regiom w;llke the same because the assumptions for that region

are the same. T%e pGWer generatlon over ¢that whole Length
of ?od is the same. S5o you.wlll get-the same ¢emperature in
mét particular region.

MR, ROISMAN: If in the region there is evident
which at one .point slong one-seventh of the rod, at that poiét

would be more severe thar it would be at another point zlong
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the same one-seventh of the rod, how does the code take a

count of the fact that the events may actually differ in
reality from the assumpéion? what do you do to géke a.count_
of that?

?

“ MR, MOQREu- Well, fox exaéple, for the hot spot
%hat 8 the reason: we assume the power level for the hot spot :
to exist throughout the region so that there would not be
any p)mt in. the r:egion that would be at a higher powez level
than.we have as«umeﬁa

As T men’i-:a.c:a:ﬁeé},9 the power level may be less, will
be less on either &16@ of the hot spot. HNo credxt was taken
far that. We assume the whole region is at a hot spot. |

MR. ROBMAN: Is it aiways conservative td éssu’m_xé
the highest power density? '

MR.! MOORE: With resbect to the limits tﬁét wé are
talking about, peak clad temperatures, yes. |
MR. ROISMAN: Nothing, for instance, in éérQS of

rod delng or swelling or bursting which would be in any

;way changed by having it be at a lower puwer &ensxeyand have

it be more severe in terms of moré flow blockage or samething
of that nature?

MR, MOORE: No. @@ are talking about the calculé~
tion of peak temperatures. If we discuss effects on
deformation of blockage and so forth, then there are effects

of heating rate and power levels and so forth, and that is
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a separate topic, and which was really covered through the
testing we did in the multi-rod burst tests, which had dif-
ferent power levels andhrates° R “d
The code we axe talking about is not & code that
caléulates defqrmatidn ¢r blockage.
.- MR, RozsﬁAﬁs ‘Which code_is the one that does not?
MR, MOORE: As I have indicated in éakiier testimony,
we don't calculate deformation ané bleckage. We.rely Bn. -
actual experimental data. ' ; fw}ﬁﬁi'* §':$ f
%§, ROISMAN: Well you mean you simply add in the |

i

ieffect of the, is it fifty per cent flow of blockage that you

'aséume in the hot regions?

MR. MCORE: Ves., As indicatgdreafiiér;fo§~the;fu¢1
assembly, you take the hot assembly and ass&ﬁé fifty per cent
Flow blockage for that apalysis, o |

MR, ROISHANW: And then that jﬁst ﬁeékﬁes:é'datél
point or a reference point in &our reflood caleulations?

I8 that where it comes into the whole picture?
| MR, MOORE: Where what comes in?
: ER, ROISMAN: The»aﬁount of f£low blockage.

MR. MéﬂRE: Mo, .ﬁﬁé caiqulaéions,éﬁéf we per form,
éhe design caleulations, are'performeé.withdut cohsiaerafion
of clad deformation. We have done a separate caleculation
whicﬁ is reported in Volume 2 of, I forget the reference,

7495, I believe, the multi-rod burst volume 2, shows 2
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caiculation of the temperature effect of distortion, énd
there the analysis shows the maximum increase in temperature
tﬁat-is expected or that was calculated in that case was
70. &egrees Fahreﬂhelt and that is where we indicated that
we fully expect this effective deformation to be less thanf
ﬂOO degrees“

>MR° ROISMAN: What I was asking was when you do
yoﬁr anélfsis of the emergency core cooling system peffd£~l
mance where does the 70 or up to a hundred per cent tempera=
ture increase come into the analysxso For inmstance, you
come up with a figure of 2300 or I thimk it is on onél2300 “
degrees rahrenheit. where in coﬁputing the 2300 degreés
ﬁahrénheit did the 70 6r.100'degree increase in temperature 
due to flow blockage get added intozthat_whole formﬁla? _

.Mno MOORE: It is not in ditectlygl

MR. ROISVAN: Does that mean that if when you add
flow blockage in the maskimum clad temperatureslw°ulﬁ be
2370 degrees to 2400 degrees Fahrenheit? |

MR, MOORE: I would have to say a qualified yes,

“beééuse it depends on how you calculate the effects of

bloékage.

As indicated eariier, I believe it was in Monday's
testimony, the analysis presented in the Volume 2 was a
very comservative one in the fact that weé calculated the

effects of blockage and rod distortion. But we did not

-
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incorporate the beneficial effects of blockage with respect

to heat transfer. That was obtained in the FLECHT test that

we discussed earlier with blockage.

I am qualeying thls on the basis of a very con-
servatxve appxoach. The temperature could be 70 degrees
hl@ha@dﬁ'  

MR, ROISMAN: Iet me just see if I undérStan@ the,,
mechénism that“~ been done. Without regard to the question.
of flow blockage, youhave ecmputeﬁ what %he max1mum tempera« -
ture would be at the hot spot and found in the woxst case that
ltvauld be 2300 degrees Fahrenheit. Then in some experlmentai
tests, multi-rod burst tests,you -attempted to flnd out how
whatever maximum elad temperature you come up With would be
affeetea by the problem of flow bloekagew Those tests shcwed
that the worst situation would Be a 70 to a humdred»&egree
temperature increase, disregardlng any benefzclal effects that
might come from flow blockage, and based on that yum slmpiy
saidg"well, this is small enough that we don“t have to even
go into the question of considering the beneficial side of it.
We just sort of écope the:ﬁorst parameter and we consider
i;hat to be something that we can I,ive with; ‘zf-'a‘nd ﬁ:'heﬁ in a

sense it doesn’'t actually show up in the-2300 degfee-Fahrenheiﬁ

- figure. Tt just increased your confidence with regard to the

2300 degree Fahrenheit figure.

I= that an accurate statement of what went on?
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MR. MOORE: vou said that very well,.yes°

MR. ROISMAN: Thank you. I just wanted to make sure
that I understood what happened. | |

S0 that we den't have a situation in which the Gery
gémé one~Saventh portion of the rod in making your calculation
6%lthe 2300 degree Fahrenheit temperature has conflicting
assumptions made about it in different portions o#ﬁdifferent
codes. -

For instance,you said for ore kind of assumptioﬁ
it wmight be the worst case to assume that the power density , ‘
was the highest. - For ancther kinavof assumption it mighﬁ |
be the worst case to assume that the power demsity was lower.'
In your analysis you don't add ﬁdgether all thefwdrsﬁj‘f
aésumptiang without regard to wheéether they contradict éécﬁ :
otﬁer and apply éhem to this one-séventh region in ordér to
see what would happen to it, is{that correct? | .

MR, MOORE: No. In fact quite the opposite. Thag”'s
%ﬁaﬁ we did do. We discussed earlier that the blockage can

be affected by internal pressures and heating rates and se

‘forth., 7he maximum blockage tends to be at low internai

pressures and low heating rates as obsexrved from the tests .,
whis would not be 2 characteristic, for example of the hot
spot. However, we toock the bleckage that we obtained, the
maximum blockage that we obtained, and the maximum rod-to-rod

contact we obtained from the multi~rod test independent of
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the 3pecific power density. We just took the worst that we
obtained and we used that and assumed that that was the case

for the hot spot.

So that the calculation performed in Volume 2 of the

rmulti-rod burst test calculates the effects' of the worst bleck-

a@e; independent of heating rate, power level, et cetera, appl
directly to the hot spot. So we have a contradiction here in

the way that we have got a consexvative approach.

i.efd
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MR. ROISMAN: Can you explain to me how you

take account of the interaction that flow blockage would
have on the teﬁperature of the coré for the purposes of
qémputing in the LOCTA code what thée temperatures would beé
Eforinstance9 blockage over on assembly here with an
éssenbly adjacent to it that has less or more blockage,

and how the presence of blockage in the one assembly

~ affects what happehs in the other‘assembly. Where does

that enter into your computations?

MR. MOORE: That was also éalcﬁléte&was+parg;.
othhé.same analysis where we were calculating the effect .
0§ b1§§kagé on peak temperature., And as indicated ve
take the maximum blockage obtained from the ;ééﬁ énd5agp1§c
this to'a ﬁhole assembwg one fuel assembly, which
contains the hot spot. So we take>the.hot fuel asse@bly
and then we take the adjacent assemblies and assume that
they are not blocked at all. A&nd what this does thén
is overpredicts the amount of flow redistribution tﬁét you
will get from the blocked assembly, because the neighboring
asse@blies are unblocked.

So we calculaté the flow rediétribﬁtion now :hat

occurs in the blocked aééembly hecauéé it i¢ blocked with

‘reference to its neighbors.

MR, ROISMAN: You say you calculated it. How

do you know how much will flow into the unblocked adjacent
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assembly and how much will flow through the blocked

assembly?

MR, MOORE: This is a thermal hydraulic calculation.

It's gerformed with our thermal hydraulic code called
tﬁe THiNC"Eadée That®s T-H-I=N-C. This is also referenced
in :Volnfmet 3
| }. MR. ROISMAN: Those are Westinghouse codes, is

thét.eorrect, the THINC 1 and 2 codes?

MR, MOORE: That's correct.

MR, ROISMAN: Now do those codes have any
iexperlmental background’ In other wordsa there are a set
af experiments rhaL have been run to verify the calculations
and so forth usnd in the codes -

zx\m MCORE: Yes. |

| MRO ROISMAN Where are those reported?
. MR ‘MOORE They arevreported in various
Wéétinghouse tOpical repbrtso

MR, ROLSMAN: Would you be able to give me the
ones they are? | |

‘MR, MOORE: Yés, I could, I couldn't give you
the reférences right now, bﬁt i ?ertéinlﬁ.ébﬁidu
- MR, ROISMAN: Maybe you could give them to me
aéAthe'breaks if yéu would, so that I could have a Iistihg
gf éhosea_ | |

Without the numbers, can you discuss at all a
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littlie bit about what kinds of experiments were done? I

mean are you familiar with the experiments generally
even though we can’t pin them down to a WCAP number?

MR, MOORE: Yes. These were experimgnté.of
ﬁlocking flow tests through fuel asseﬁbly rod bundles.
These bundles had -- We had, for example, several fuel
éssemblies next to each other and then predict the kinds
of =~ These were with different power levels for the
assemblies, and then predict the kind of flow redistribution
théﬁ you would expect within or from assembly;tojassembly
and also within assemblies, and then experimeﬁééiiy méaéﬁre
these and cdmpare'them to the calculationéﬁ .Tﬁére is also
some degree of in-reactor evidence, too, tb Suﬁbort the
calculations in that we measure with thermocouples in
a reactor the eﬁit temperatures in various fuel assemblies
and these exit temperatures vary because of po%er
distribution within the core., But also because the full

redistribution that takes place as from the hot assembly

. to the cold assemblies, and we calculate these with this

' code and then can confirm this with the actual temperature

measurements in the reactor,

MR. ROISMAN: What you were :just talking about,

‘the experiments that were run in actual operating reactors,

those were run without any flood redistribution, This

was merely finding out how muich you get flow redistribution
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merely because of the power density differences, is that

correct?

MR, MOORE: Yes. That's correct. What we are
confirming though is the ability of these codes, of this
particular code, to calculate the flow redistribution
that occurs due to differing pressure drops from assembly
to assembly. And also the ocut-of-pile test had to again
show you the flow distribution to the different pressure.
drops from one assembly to another. |

I believe there were some tests perfofmed vhere

we actually forced different pressure drops within

~ assemblies not just by power changes but by physically

having higher resistances and then predict, have the code

pfedict what this mass transfer will be as a function

of the pressure drop. So you are confirming the baéic

equations in the code. | |
MR, ROISMAN: In terms of your understanding éf

what the data shows would the flow redistribution be

afféctéd in a situation which you have a group of

rods all roughly the same power &ensity, roughly the

same temperature and pressure, except that for five or six

'1n the center of a larger growp at one point haifway up

they were all 500 degrees hotter et that one point than
was the rest of the rod above or below them. In other

words, does the concentration of the temperature difference
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at a specific point as opposed to a broader range for
the same, for a-temperature difference, affect'the flow
redistribution? |
MR, MOORE: Not directly. This Qéuld be through
the heating up of the water in the vicinity of this hot
iocation that you have postulated, IActually heéting the
water up at that point would then create a hlgher pressure
drop, tend to create a higher pressure drop as the water

expands and the fundanental point here is we have an

over any given axial, or excuse me, any g;ven‘plane in
the core. 8o that the pressure drop would try to increésé
iﬁ the assembly where you put the hot_spotsféné thén-this
would tend to push flow into the other.asséﬁbiiesn But
it;é in through the heating up of.thé'watef;

MR, ROISMAN: Did the experimenés\that wéfe
done in-core, were they able to simulaﬁeiﬁhé kind of
temperature difference that éne - Temperafﬁre aﬁd

pressure differences, the range of differences and types

of coolant accident?l

MR, MOORE: Yes, in the sense that there were
varying temperatures along the lengths of the rods
associated with the power distributions that occurred

in the reactor which are then typical of the power distributio

S
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that occurred in the core during blowdown. I don't want
to overemphasize the applicability of the inter-reactor
tests to the loss of coolant situation.
Clearly, we don't have the same kinds of
quality conditions in the core under normal operations,
There is experimental data cut of pile taken for high
void fractions which are representative of the loss of
coolant situation to confirm the calculations ia that §énge;
MR, ROISMAN: Can you briefly describe those?
MR. MOORE: Well, these were just cases where
wé‘beated up, and we had high power assembly and low
sﬂbcoolipg -~ High temperature water injected into the'
Bottom of éhe assembly so we got a significant amount of
Steamfgeheratioﬁ and void fraction along the length of
the assembly, ' So this gave us larger flow rate distributionsa
They were checked by the actual code itself.
MR, ROISMAN: But did they give you what we call
localized hot spots along the rods?

MR. MOORE: They were power distributions

‘typical of the reactor. They were not all uniform power

distribuﬁions,

MR, ROISMAN: But typical of what you have in the
reactor during its normal operation?

MR, MOORE: That's also typical of what I have

in the reactor during the loss of coolant.
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MR. ROISMAN: For the purposes of power

distribution?

MR, MOCORE: Yes,

MR. ROISMAN: But what about in terms of tempeiature?

Do you find, for instance, if you have a rod that is
inided into seven regions, and if the power distribution
in the rod under normal operations, just for our purposes
rangés from 16.3 to 17.4, gradually moving from'the end
to the middle and then back down to the other end again,
do you find that same level of gradient in the course
of a loss of coolant accident? HNot in terms of power
distribution but in terms of actually innthé”fdéa Some
of . the pcrtions of that rod because of various events
that occur in the loss of coolant acciééntg'tebd to
get hotter than other portions such that the curve would
be more peaked at some point and not as gradual as it is
in normal operation.

MR, MOORE: Nqo Ihe temperature‘distribution:
witﬁin the rod follows Qery closely the power distributipnu

MR. ROISMAN: 1In other wordg, thé fact that some
portions of the rod will reach critical temperatures for
swelling or bursting or for metal-water reaction won't,
as the result in the swelling case, of contact with an
adjacent rod or in the case:of'metalowater reaction, the

addition of heat won't cause the temperature gradient along
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the rod to be more peaked than it would be if you just

followed what the power density was along the rod?

MR, MOORE: No. There could be some peaks in
temperature gradients associated with rod-to-rod contact,
as we calculate in the report.

CHAIRMAN JENSCH: Excuse me., Maybe that last |
statement does answer the question. There was a question
given, did you get localized hot gpots under rod. 1 think
you may have anticipated with might be an inference if

you answered yes or no. You gave the explanation. €Give

; u§ which way it was. Do you get localized hot spots on

the rod? Do you recall that quéStion?‘
MR, ROISMAN: Yes.

MR, MOORE: My jumping back and forth is with
respect to the calculation without distortion, the
calculation with distortion and the reactor with disiortion,

MR. ROISMAN: I had meant it in the case of the
axial situation.

MR, MOORE: The answer was yes,

CHAIRMAN JENSCH: Thank you.

MR, ROISMAN: During the £low redistribution

analysis, did that flow rediétribution analysis ~- The

experiments. Did those experiments have these temperature
peaks in them?

MR, MOORE: 1 believe we simulated conditions
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that would be representative of that. I would have to,
in this case, check the specific data.

MR. ROISMAN: Would you do that maybe when you
come back with the WCAP reports that verify the codes you
can discuss in some more detail with the experiments of .
ﬁlow redistribution in that event?

MR, MOORE: Yes.

MR, ROISMAN: I believe it is the SATAN code
that you said is the one that predicts wnat happens durlng
the blowdown, is Lhat correct? o

| gRo MOORE: Yes .

’MR; RdeMAN: Does it include an analysis of the
e ffect of the blowdown on the rods themselﬁésf  Thé£ is |
to what extent they are deformed or disturbed or aﬁything
by the blowdown forces. 1Is that part of what is in the |
safety code? | | |

MR, MCORE: No,

MR. ROISMAN: 1Is there an analysis done of that
code or calculations done of that code?

© . MR, MOORE: Yes.,

MR, ROISMAN: Which one ié that?

MR, MOORE: That's with the BLODWN Code.

MRO ROISMAN: Are you responsible for that, sir?
Let's start at the very beginning, What holds the rods

into fuel assemblies in normal operation? Are thay bolted
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into the assembly?

MR, MOORE: No. They are held in place with the
grids through the springs on the grids,

MR. ROISMAN: How much force are the sSprings
applying against the side of the rod? I don't need én exact
number, just a rough idea.

MR, MOORE: The total force on the rod is due
to the springs, holding the Spring§9 aboutvlzs pounds ,

MR, ROISMAN: What holds the rod to the top or
bottom? |

!

MR, MOORE: They rest on the béttom #nd are held
?by the springs.

Mﬁ; ROISMAN: Is there anything above them?

MR, MOORE: No, not holding them.

MR, ROISMAN: 1In the BLOUWN Code, what experimenis
have been done to determine what the walue should be of
the pressure in force on those rods during the course of
blowdowm?

| MR, MOORE: Well, we use the BLODWN Code, which
haé been checked against several different blowdown
experiments, specifically some of the early semi~s§a1e
éiperiments, run in Idaho, 2lsoc some experiments that have
been run at the containment Systems experiment out at

Battelle Northwest Laboratories.

MR, ROISMAN: 1In these tests that were run, you




E2=-Wm=~1

10

11

12

13

14

15

16

17

18

19

20

21
22
23

24

25

2748
mention the semi-scale test. Was that the same reéctor
that was involved in the semi-scale tests run 845 to 851
that dealt with the ECCS performance?

MR, MOORE: Yes, it was the same arrangement.

MR. ROISMAN: Basically the same piece of
§nstrument” just a different test @as run using that
instrument? | |

MR, MOORE: It is all part of the saﬁe sefﬁes
of tests. I just said we applied the BLODWN Code and
predicted the responses using blowdown as an é#éerimental, )
check on the BLODWN Code. |

MR, ROISMAN: Can you briefly describe to me =-=
For instance, I gather that the reactor has smaller rods
than the rods that are used in this ~-

| MR, MOORE: I'm sorry, I was going to interrupt.
There is a misunderstanding. 1 said fhe code itself was
checked against these bldwdown expexriments, not the forces
on individual rods in the semi-scale experiments.,

MR. ROISMAN: What was it that was being checked
of the code? | |

MR, MOORE: Just éhe ther&&ﬁydraulic~behav10r
and predictidns of pressure versus t{me9 and floﬁs éersus
time, for example.

MR. ROISMAN: Were thé semi~scale tests run with

rods in the core?
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MR. MOORE: There were some tests run with heated

rods, yes, but there were no measurements of forces on
those fods, to my knowledge.

MR, ROISMAN: But I was curious about it in terms
of predicting how much force there would be, what account
was taken of a filled core with rods in it as opposed to
just an empty void..

MR. MOORE: The analysis has been perfoﬁmed, 'In_
both cases they ran some tests without a core and somé tests
wiéh a core.

MR, ROISMAN: When they ran it with a core, did

it simulate the outer configuration of the weséinghouse _

core in the sense that it was the ratio of space befween
the last rod or the wall of the reactor, and between the
top rod or the top of the reactor and the bottom r&d, the
bottom of the reactor, and the distances between the rods
scaled to what you have in the Indian Point reactor?

MR, MOORE: No.,

MR. ROISMAN: Were the rods themselves éé#led

in size so that the size of the reactors -- If the reactor

was one-tenth the size of your reactor, the rods were

one-tenth ae round in circumference as your rods?
| MR. MOORE: I don't believe so, no.
MR. ROISMAN: What about the length?

MR, MOORE: Well, no. Obviously it wasn't.
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MR. ROISMAN: I meant the ratio. |

MR. MOORE: No;

MR, ROISMAN: How about the method by which the
rods were held?
| MR. MOORE: No, no specific correlation to a
reactbra

MR, ROISMAN: ~In the code =- I'm sorry.

MR. MOORE: I was going to comment that the other

- series of tests I mentioned were the contalnment systems

experlment ;systems at Battelle Northwest Laboratory where
they had a vessel containlng a simulated reactor core
agéin'juSt to simulate the loadings om a core. ”Tﬁis'wés not
an exact representation of a core, but it was simi1af kind
of geometry that you get in a core. They did Blowdown
experiments there amd actually measured the forces on these
internals,

MR. ROISMAN: You mean they measured how much
force was applied to a specific rod at a‘Speéific point?

MR, MOORE: I'm not.sure now whether thei measured
them specifically on rods, how they simulated the core.

They measured them on various internals, core barrel and

plates and that sort of thing.

MR. ROISMAN: The thing of interest to me is,
at least as I understand it, the rods are standing vertical

in the core. They aren’t bolted to anything but are held
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§ | by the pressure of the inconel spring, and the bottom of
2 the rod is supported against some kind of a plate or
3 something like that, and the top is open. I am trying to
‘ 4 figure out how you go about determining whether or not
5 that rod can be ripped out of there by force. I take it
6 that assuming the hezd were off the reactor, that ome could,
7 with equipment with the appropriate type of grapple, |
8 reach down and physically pull the rod up without actually
9 undoing any bolt or screw or anything like that, and just
50 slide it up between thé sbringé§ is'thétﬁright? : ,
91 i MR, MOORE: You have ¢0"pu11'pretty hard.
12 | : MR, ROISMAN: I understand. What I meant, it is
’ 13 é fréction rather than a bolt that would have to ‘bre}a;k
14 befdre one could pull it up. I am just tiyiﬁg to underétand
15 how the forcesAauring blowdown might operate to dislodge
6 or dislocate that rod, That's why I am télking abbﬁﬁ the
17 experiments that were rum. | |
8 You mention the ones at Battelle. Did they have
% 19 rods that were held in the same fashion that the Westinghouse
20 rods are held in their core?
21 | MR. MOORE: No, I don’t believe so.
22 -
(" 23
24
; "" 25
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MRQ}ROISMama In determining the kinds of forces;
what were they looking at? I other words, were they just:
tﬁying to see how much férce would hit the rod or do they
concentrate on the direction in which the force would hit the
zod or the point at which the force would hit the rod? HbQ

Qas the measurement done?

MR, MOCURE: Well, the purpose of the test was to

- determine whether you could accurately reliably calculate

the aeccmpressi@n forces that are obtained after a loss of

coolant early in the transient, and the second time period, -

and also the subsequent loads to the flow effee*&:a and see

whether you could reliable determine pmessures on . dlfferent
physical geometries under this particular klnd of a tran51ent
What they did is run these blawdawn tests and compare then
the predicted loadings on these components using, iﬁ their
case--in their case they used the WHAM code, which is really |

the early versiom of the blowdown code andiso"that in fact

' the predictions of the forces obtained--prediction Bf the .

forces wexre higher than what they actually dbtalned
SO my po&nt is that this is a conflrmatlon of the
abillty to calculate these decompression forces. -mhe actual

application of these forces to a fuel ¥od is not very exotic,

If is merely taking these forces that you calculate with code

and applying them to the rod itself.

MR, ROISMAN: But doesn’t it make a difference of
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Egwt2 i || the direction of the force? For instance, I assume your rods
‘ 2 i are capable of taking substantially more force from the top

3 .dcéhz since they are supported on the bottom by a plate which
. 4 || itself ﬁ.s welded or screwed or something into @ larger grid

5 || which is attached, and so forth, then they are too if you take
6 || the same force and if scmehow or other you push it straight up.
7 || I'm trying ¢o £ind out, how do you know the ‘aireétion the farce
8 || is go‘ing to take? |
l9 L MR. MOORE: You calculate the élz'ects.on of - the forces,,
10 Thls is all part of the analys:.s, that the main forces that act
L} the Yod are just the differential pressures across the rod,
12 along the length of the core, acting on the rod in the axial
‘ i3 ) dirvection. Those forees in fact are not enoughdunng bllawéown‘
i4 || to override the friction forces of these .'sgﬁrinq'é of 'thé grids.
15 MR. ROISMAN: In terms of calci;iatiné the f-ér"-"e | _
is &iz*ect_ions, what experiments, of the ones we havé talked ébout;
17 || or éthers, were tﬁere to verify what would be Avthé direction of
18 || the fo;-ée?_
19 . MR, MOORE: BAny of these calculations are forces on
2¢ || components involved determining the di:egtiqx:é?.ity of these

21 || forces, UWhen you make a measurement, you have to know what

’ 22 | the divection of the ferces you prediet are, and how they are
23 flapplied, and actually measure the force. So this is a check
’ 24 | on getting directionality of the forces.,
25

MR, ROISMAN: Bow do vou know the directicn of the
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force for a reactor such as we have in Indian point No. 2 if
you tested the direction of the force on a reactor that was
constructed diffevently both inside and outside?

MR. MOORE: Because I know the direction of the fiow,

MR. ROISMAN: It doesn’t matter how large the reacﬁar
isé If you know the flow is going from the lower right-hand
cornexr to the upper corner or what is in beﬁweega.the foréés
éon”t turn coxners, or anything like that?

MR, MOORE: fThe forces are in the direction of the
£1ov. |

MR, ROISMAN: In terms of the forces that would
opéréte on the rods in this reactor, what is the calculated
force in the wgrstAsituatioh that is prediéted against a zod?

MR. MOORE: I believe the maxﬁhum forée dn.the fuel
féd itself is in tﬁe order of 2230 pounds total for the rod,
foer each rod. | |

MR. ROISMAN: In what divection is that?

' | MR. MCORE: The limiting situation is the hot leg
break which is causing it to tending to 1ift the rod in the
fuel assewbly. So they are in the upward direction.

}R. ROISHAN: Are all the rods getting 2230 or is
there a worse rod in the Whge core thét'ge§3.2230?

MR..MOGREs Essentially all the rods are getting
2230 pounds, total force.

MR, ROISMAN: Does it all come on the rod at




BWkd

10

1

12
13
14
15
16
17
18
19
20
21
22
23
24

25

| 2755
essentially the same moment? 1In other words, it doesn't get
buffetilby a total of 2230 pounds of force?

MR, MOORE: This, what I am giving you, is the peak
force.

MR, ROISMAN: ©For how long 2 time are the rods sub-
jected?

MR. MOORE: This is in th; millisecond.

MR, ROISMAN: -3I8 the force direction vértical? You
said it tends to be upward, |

MR. MOCRE: Yes.

1 MR, ROISMAN: I8 it actually vertical or a little off
to one side of the other?

MR. MOORE: It is vertical, |

MR@.ROIsméma so the rods, in &&ur éﬁéiYsis”:there is
no analysis, if any, of horizontal foree hitéing thesé iodé?

I mean that might tend to bend them as opposed to lifting them

out of their assemblies.
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MR, MOORE: The lateral forces areAalso
calculated on the rod and these are shown to be quite small.
The effects on a possible damage or distortion of the rod§
in the later directién9 cross-flow, is very small.

MR, ROISMAN: I have some difficulty in
éonceptualizing what force looks like, but I want to ask
§ou éome questions based on the assumption that we can see
what it looks like. I take it that the force direction is
subject to change. For instance, if you had a steel piate
in the channel where the force was coming up in a vertical
direction and the‘force hit that steel plate, could the
force's direction be altered? 1Is that correct? Then the
force would be applied sideways rather than vertically.

MR. MOORE: The effect of water hitting the platé,
water impinging on a plate vertically, would be a force
in a vertical direction,

MR. ROISMAN: 1s there a secondary force? Instead
of going through the plate it goes someplace. Instead of

going through the plate where does it go or where would it

g go in that kind of effect?

MR, MOORE : Thére~is a vector contribution as
the flow changes direction, which could give you other
forces in a non-vertical direction.

MR. ROISMAN: As I understood from the drawings

that were up on the board on previous days the inconel spring
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angles up to the point of contact with the rod and then |
angles away from it above., Have you computed what the
forces on the rod from the -- pid you call it vector?
I called it the ricochet, just so I == I'm seeing this as
billiard balls, you understand.

MR. MOORE: I see. ‘

MR, ROISMAN: The ricochet off of the inconel
spring to the rod itself, is that computed in the code or
have experiments been made to test what that force would be?

MR, MOORE: That's computed as a force thiough

y the ==~ A resistance effect, and the flow going through the

grid viould create a force acting on the grid. Yes, that's

incorporated. It's incorporated as an empirical relatiomship
based on experiment.

MR, ROISMAN: Well in particular now, let’ E: take
the specific rod and it's got its little sprimg over here
on one side and a force of twenty to thirty pounds I’
believe you said is coming up the channel and it strikes
the lower end of that spring and then it tends to ricochet
aibng the spring to the point where the spring contacts the
rod. We already ‘know that the 5pr1ng contacts that rod
w1th I believe you said 51xty is it?

MR. MOORE: 125 pounds total per --

MR, ROISMAN: How much is it at that point for

that one spring roughly? The reason I mentioned sixty, I
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think Mr, Wiesemann had told me that.he thought it was
sixty. I dgn“t mean he told me on the record, but off the
record.

All righto In any case, whatever the figure is
can you tell me how much more the pressure will be at that
;oint as the result of the ricochet of this force off of
the side of the inconel spring?

MR, MOORE: Well, no. That's not the -- That's
really not the significant effect we are talking about.
The force that I indicated acting on the rod in the axial
diféction‘is.one that’s created by the differential pressure
frém the bottom of the rod as the coolant”siéomiﬂg in to
the top of the rod for the hot leg break. An&.that force
when you look at the total rod was the number of twenty to
thirty pounds acting on the fuel rod itself.

Wow the grids are holding the rod at each
elevation and the total hoiding force on the rod is this
125 pounds, That’s just looking at the rod.

So the blowdown forces on the rod then indicate~
the rod will not slip in the grid, because all these grids
are holding it for the forcé much greater than that acting
on the rod itself,

Now when you talk #bout the forces do you, dee to
the grids, this is a force acting on the total fuel

assembly, and ybu have to calculate what happens to the
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fuel assembly itself now where the grids contain theéé
fuel rods. And we do calculate then the forces acting on
the total assembly which are tending to lift this assembly
during the loss of coolant, the hot leg break.

MR, ROISMAN: 1I'm trying to look at ome rod.

What I am trying to find out is, if you know, what happens
at that point on the rod, How much preséure is applied to
that point?

MR. MOORE: The frictional forcés along the
lengtﬁ of the rod are trivial., I mean tﬁéy are very small.
, MR. ROISMAN: No. This isn’t a frictional force.
I am talking about the ricochet of the twenty to thirty
pounds of force that was going in a vertical direction and
now hit,

MR, MOORE: 1It’s acting on the grid, the girid |
itself, and it will tend to lift the grid which is carrying
the rods, There is no force on the rbd per se associated
wiﬁh that.

MR. ROISMAN: In other words, nothing slides along
the iﬁconel spring likg<§ droplet of water or something
like that at a certain :atéuéf spéed'énd'stiikes the rod?

' MR, MOORE: No, no. | |

MR. ROISMAN: If there were BB's in the bottom

of the core, just assume you have got a bunch of BB's down

there and they just lie down in the bottom of the lower
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plénum and now we have a loss of coolant accident, would
the BB's be thrown up if it was the hot leg break and would
they go flying through the core on the way out where the
break occurs?
| MR, MOORE: Yes. Depending on the sizeland the
@ass of the BB's.,

MR. ROISMAN: Right, okey. We are talking about
little BB's here.

Now if one of those BB's were to hit an .inconel

spring on its way up would the BB ricochet off the inconel )

spring and could it hit the rod?

MR, MOORE:‘ Yes.

MR, ROiSMAN: Why aren’t the water dtoplets
éimiiar or<is'it‘that ﬁhefe are no water droplets?

MR. MOORE: This is a continuum of water in the
core. There is no water droplets per se that wé are
talking about.

MR. ROISMAN: During normal operation of the core
does the incomel spring and the rod tend to swelllslightly
as a result of heat? Is there any expansion at all, either
or both? |

MR. MOORE: Well, during normal operation there
are heat effects in expansion of the rod, yes. )
MR. ROISMAN: What about in the inconel spring?

MR, MOORE: This is absorbed by variations in
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the spring force.

MR, ROISMAN: But all I am saying is that the
inconel spring also is affected by the heat.

MR, MOORE: Yes.

MR. ROISMAN: It expands.

MR, MOORE: Yes.

MR. ROISMAN: 1Is the coefficient of expansion
for ihe material in the spring and the coefficient of
expansion for the material in the rod the same?

MR, MOORE: I don’t recall the specific values
fp; the coefficients of expansion. : |

- MR, ROISMAN: In computing the amount of force
that's holding the rod in place in the event of a blowdown.
is there amy computation that takes account of varying

coefficients of expansion, in this case coefficients of

- contraction, if the temperature of the rod is cooling or

heating up during the blowdown period, whichever way it's
going? 1Is there énything that takes account of those?

- MR, MOORE: No, because I guess maybe I didn't
nakelit éiearg'the maximum loéds that occur during loss’

of coolant on the rods occur in a time period of less than

. fifty milliseconds. There is no heat variation or

temperature variation off the rods at all during this
period of time. They are at their full power conditions.

MR, ROISMAN: At that point the power of the rods
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does not cease to operate?

MR, MOORE: No, no., Milliseconds we are talking

MR, ROISMAN: I understand that,
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MR. ROISMAN: You have run tests like the FLECHT
test designed to detez:minewhat the heat transfe'__r"would be for |
the rods in the event of a loss of coolant aécidént, is that |
coérect?'

o

: MR. MOORE: Yes, sir,

MR, ROISMAN: That goes wit‘h the pr:.mary tescs that

wvere run in order to determine--~

MR MOORE% Those were the pr:.mary te«ts that were
run to determme heat transfer durmg the reflood part of the.
transient, right? | |

| MR, ROISMAN: o wh an those tes-e:s Were rva o‘iad they
have tacked @:uto ﬁhc front cf i:hem a smulated blﬁwdmm'ﬁ

MR, MOORE: No. : .

m; ROISE@BI, so \,ha'&: m the casua of a FLECH"' test
we begm w:.th whaf: y@a presume the condz tmns o:E the rods would

belafter blemdawn apd in tezm'-“ of the amotmt oF heat they got,

 the physiecal esonaltmn wh:a.c"f thny were in, and begm eomput:n.ng

the heat transfer a-i: that pomtp iq i.hat c:ar'rect? _

m EoiOQRE mt" coafrf-'ccs

' m ROISMA;\?- I t‘hmk yestez'day you talked about the

rods thasi. were used in. tlzze:e:e‘a Am. those tha cnly si-ainlesa L

s'a:eel rods hat were used zn the FLECH&. t@s* or wero there also
zircalloy?

MR, MOORE: No. We also ran zi'rcalloy@.
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MR. ROISMAN: Which group of the tests were Lie cire-

| alloy?

- MR, MOORE: The later group were the zircalloy.

MR, ROISHAN: Three.

MR, MOORE: The two reports that we have had up until
now were the Group 1 and Group 2 tests,

Well, vou should have the WCAP 665.

MR, ROISMAN: N0, we did not have it. I meén we are
getting it.

- ""‘.MR;”MOGRE:{- That’s the report that Mr. Ford was--
Pl MR.ROISMAN: 1It’s Mr. Novak's veport. -
C | m@.mcm@: I'm S0LYY.

MR. ROISMAN: He was kind enough to let us use it,
but we haven't hagd a chan.ce to study it. |

MR. MOORE: ¥Yes. In that report f:hé érbup 3 ziré:-v
alloy tests are reported.

MR, ROISMANW: Okay. Néw go back a second tb the
bﬁwam situation. Are there different kinds of forces that
are operating inside of the core when blowdown occurs., Wizen I
séy different .kiz:xdfs, in o{:hex‘ words I take it there is a fofce_
éééociate& with the waéer *Eryin‘g to get out of thexe. 1Is that
a -diff_gezent, force than the force associated with the water
flashing to steam and obher varying forces asscciated with the
blowdown?

MR. MOORE: These are all hydraulic loadings associate
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with the acceleration of the fluid in the core and it's being
expanded and expelled cut through the break.

MR, ROISMAN: paybe you can help me. I have heard

sqﬁt of label for one of the forces?

i . MR, MOCRE: There is an initial decampréssion force
which acts during the initial blowdown or when the coolant is
sub cooled, that is sometimes--that is a different kind 6f‘éﬁj

loading than the actual hydrauiie leéﬂingfdéltﬁéfﬁlow effécté

MR. ROISMAN: C2n you tell me what kind of » leading

is it? what actually happens?

MR, MOORE: The loading that occurs;‘tﬁis décmﬁpﬁess
sion oceurs in this millisecend. And the diffetential pfeésurel
associated with that decompression is the maiﬁ éontri@utoﬁutd
the loading in the fuel rod. The maximum loﬁding on the fuel
rod. The effects on the fuel assembly primarily associated
with the flow forces which act on the, maini& én the grids, as
I waS:éiscﬁssing'earlier, there are two kinds 6f loadings and
it's the decumpressian load}ng_which gives the primary load on
the fuel rod itself,

That's again in the hot leg break, it's in the direc-
tion, the axial, aleng the lenéth of the rod, the differenqe
in pressure across the core.

MR. ROISMAN: That's a term that I hear and my
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problem isthat phrase "difference of pressure across the core"

moan-—-—

MR. MOORE: From top to bottom.

MR, ROISMAN: cCkay, ﬁhank you. I don‘t know why,
but I think of across as being that way,

You say one is the force that acts primarily on the
gride and one is the force that acts primarily on the rods?

MR, MOORE: Yes, o o

MR, ROISMAN: C2n you explain to me héw defjaﬁ méaﬁ,
i#_acfs on the rods but doesn't act on the grid or iﬁiééts‘an'
ﬁhe-giié and it doesn't act on the rods?

MR. MOORE: It's a differential pééésufe aérdaé‘the
core which acts on the cross-sectional acreaE§£5a rbaé okay°
pushing on the rod, the cross section of the'rédo

Wow the forces on the grids ave asspciate& withvthé
flow passing the grid and the friction forces on the-grié and
_the_flww is passing by drained by the grids téhds to push the
'Qriéé up: ihesé friction forces on the rod itself aie very
shall. - |

MR. ROISIAN: You mean that the force, the first
force, the one that’s om thé rod,.is;é force that takes place
‘inside the rod? |

MR, MOORE: 1It's just acting on the rod. 1t°s a

difference in pressure at the bottem of the rod and the top

and I'm afraid I am not visualizing it right. By across do you
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of the rod.
MR. ROISMAN: On its outside you mean?
MR, MOORE: Yes,
MR. ROISMAN: Ckay, all right.
And what is that force?
' S ) MR, IdGORE: mhat force--
MR. ROISMAN: I mean what is it in pounds?
MR. MOORE: That's the one, the 2230 pounds force,
MR, ROISMAN; I see., And the other force is the
cne that has very little friction effect on the rods but effects
the grids, how much is that?
“ MR. MOORE: That’s a total of 500 to 600 pounds pei'
assembly. I am talking about the whole éésefnbiﬁro
MR. ROISHMAN: Hes it been computed for specific
springs in the assembly? |
MR, MOORE: Yes. The resistance of the grids are
very well known, using our grids.
MR. ROISMAN: No. I am sorry. That’s a force. You
said it’s 500 pounds on the whole assembly. "
MR. MOCRE: That's adding up the effect on each spring
MR. ROISMAN: 'In other words, .you do know what it is
as to each spring, so to speak?
MR, MOORE: O©h, yves, ves.

MR, ROISMAN: Was what I call the water hammer, the

force that operates on the rod itself, was that also tested in

13
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the experiments at Battelle or in the semi-scale tests?
MR, MOORE: Yes. That was the primary purpose of thoseL ‘

experiments.
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MR. ROISMAN: Was that a particular part of it?

MR. MOORE: Yes.

MR, ROISMAN: 1Is the computation of those forces
affected by the relative size of the rate to the size of
the area of the reactor? In other words, do you get
different forces when you assume éhe break of a five-inch
line or assume the break of a double-ended pipe?

By what means is the ﬁegt from a nbnoidentical
reactor to the Indian Point reactor tramslated into the'
ééMputatidn‘of the forces here? 1Is it assumed to be just

J

a straight line difference, that that core.was‘oneaﬁélf the

' size of the other one, then you will get twice as much

force here as you would there?
MRO M@@RE: No. You specifically calculate the
conditions for whatever system you are analyzing., What
we are doing is checking basic models and theory in a code.
So the calculations are performed for the geometries and
conditions of the test and then the same calculations are
then performed for the geometries that exist in a reactor.
MR, ROLSMAN:  How do you know that as you change

the size of the various things that the relationship between

them will be equally represented by the same formula? For

instance, did you rum the test on a variety of different
although not identical to the Indian Point reactor,

variety of different reactor cores so that you could prove
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whether the relationship changed between the sizerf the
core and the size of the reactor vessel and the s@ze of
the rod and the size of the break and so forth, the code
Still continued to predict accurately, and you could expect
ﬂéhat when the size was changed to the Iandian Point 2 size
éhat it would continue to predict accurately? Was something
iike that done? |

MR, MOORZ: Yes. In the semse that there were
tests at Idaho and tests at Battelle which were on entiiély
different systems of different sizes. So in that seuse
that'’s a check of two different geometries. There are |
scaling laws that would apply here éhat were confirmed by
the different sized tests.

MR, ROISMAN: Have the séaling laws been confirmed
with regard to ~= ﬁell let me ask you this. Can you giVe
me some idea of the differencs in'scale_between’the largest
of the two tests, whether it was the Idaho or the Battelle
one, and what we have at Indian Point? )

'ka MOORE: Well, I'm épe&king from memorj now,
but the Battelle test, I believe their vessel was éﬁout
one-fifth the size of the Indian Point vessel., So it was
a pretty large-scale test. |

MR. ROISMAN: And the rods that were used in that

test, were they one-fifth the size of the rods in this

reactor?
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MR, MOORE: I don't recall what the core
simulation actually was. That'’s really not the key point
here, because it's not the frictional loading on the rods
per se that is of interest., 1It's your ability to calculate
the total pressure difference across the ~- along the core.

MR. ROISMAN: Thank you,

MR. MOORE: Rather than the specific pressures
on the rod itself.

MR, ROISMAN: I understand that. But aren't those

affected by what is inside the core? I mean if your core

I

_had a steel plate welded from all the way around that went

" clear across the middle of the core and had two small

twé«inéh diémgter holes in it for the flow removed from the
bottom tonthe'tOPAYOu’d certainly get some different kinds
of forces than you would have if you had had an open
lattice such as you had hexe. I am trying to find out how
you tazke account of the variables in design of the core

in order to predict from the one-fifth size reactor vessel

" to the Indian Point vessel in terms of blowdowns.

MR, MOORE: I don't recall the specific configura-

tion or geometry in the Battelle test. It was an attempt

to simulate the complexity of a typical reactor internals,

which is what we are speaking of here.
MR. ROISMAN: But like the semi~scale tests,

and I gather the word semi means it is not exactly scaled?




F3+Bm=4

10

13

12

13

34

15

EL3

&7

18

12

20

21

22

2772

MR, MOORE: Certainly not.

MR, ROISMAN: These were also semi-scaled tests,
that is the Battelle reactor was not an exact Scale model
of the Indian Point reactor., |

MR, MOORE: That's correct.

i CHAIRMAN JENSCH: Excuse me. I wonder if we
éould get an answer to that last question? I think the
answer that was given was that he said he didn't know
eiactly what the Battelle tests included as to variations,
bui I think your question was "Don‘t you get different
variations in forces with the different sizes of reactor?"

Now can you answer that aside from what the
Battelle situation was?

MR, MOORE: Yes,

CHAIRMAN JENSCH: Proceéd. Thank you.

MR, ROISMAN: 1Is the ratio of the size of the

pipe that was assumed to be broken in the Battelle test

to the reactor the same as the ratio of the size of the

largést pipe in this reactor to the size of the reactor?
MR. MOORE: I don't recall.
MR, ROISMAN: 1Is the distance from the top of
the rods to the point at which the exit would occur the
same ratio in the Battelle as it is in this reactor?

MR, MOORE: I don't recall the specifié¢ geometry.
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Matl v MR, ROISMAN: 1Is the distance from the top of the. ;o$
. z2 I to the point at which the exit would occur the same ratio in the
3 Batﬁelle as it is in this reactor?
. 4 MR, MOCRE: I don%trecall the specific gecmetry.

5 . MR, ROISMAN: I3 it your contentiom ¢hat it really
& isé?t relevant, that we could assume ghat they weren't the same
7 || xatio and it wouldn't affeet the validity of the pattelle test

8 ag a confirmation of the blowdawm code?

9 | MR. MOORE: That’s right. As long as you have
L correctly ap_plied the specific geometry in your analysis.
ﬁ‘n o You understand you don’t take a calculation of
12 a reactor and then run the Battelle zest and see if it
‘ i3 locks the same, | | |
14 | MR, ROISMAN: I know.
15 MR, MOORE: You take a calculation of: the
18 Battelle test and run it and see if it looks the same,
7 | MR, ROISMAN: Yes. I understand you take your
8 code and say, "We are going _to predict what will happen
i o at Indian Point, Now we are going to prove it will
20 ﬁfédiéf well because we are going to predict what happens
21 in sowe other reactor and if we predict W'hét happens
. 22 IH - correctly in this other reactor then iae can assumé that
23

we arve right here.
‘ 24 MR, MOORE: That's correct.

25 CHAIRMAN JENSCH: Excuce me. Is there any
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possibility of getting the Battelle test data?

MR, MOORZ: 1 have a reference here, I have a
reference,_ I don't have it with me. Would you cafe to
have the reference?

MR, ROISMAN: Yes, please.

MR, MOOCRE: BNWL-1524 dated June, 1971, by
Allemann, et al and several other asuthors. The title of

the reference, 1 believe, is Coolant Blowdown Studies of

Reactor-Simulated Vessel Coataining Simulated Reactor Core.

MR. ROISMAN: When the FSAR in this case was

;originaily filed it was before the report date of this test.

\Didayoﬁ already have available the data?

MK, MOORE: No., The original report wés performed
using the same code that was confirmed or corroborated by
this'test, In faét, in the FSAR there is a comparison of
a semi-gcale test with this particular code.

MR. ROISMAN: Are there other tests which are
scheduled te be run that you know of that will be fﬁrther
verification of the BLODWN Code?

MR, MOORE: Of the BLODWN Code?

MR. ROELSMAN: Yes, |

MR, MOORE: Yes. Any blowdown experiments are
applied to these codes as another check and there are
additional tests plamned on the semi-scale program. These

are not specifically related to forces.
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MR, ROISMAN: 1Is there any test thét Wesfinghéusé
is planning to run for the specific purpose of further
verification of the BL@DWN Code?

| MR, MOORE: Wone.

MR. ROISMAN: Was the Battelle test one which.
yestinghouee was planhing to, was looking to for specific
verification of the BLODWN Code?

MR, MOORE: Only in the sénse that we follow
these tests ané'take the data and apply them to assure
ourselves that our codes are adequate. -

MR. ROISMAN: But you were satisfied ﬁhét the
semi-scale test in terms of it being able to demonstrate
the reliability of the BLODWN Coée? '

MR, MOORE: Semi-scale and other blowépwn;tests
on vééselso There have been several blowdown studies that
have been referenced in the literature.

CHAIRMAN .JENSCH: Juéi a miﬁute, What was thé
answer to the question? I think he said were jou satisfied
with the semi-scale tests.

MR. MOORE: The answer is no, and there were
other tests, too, | |
| MR. ROISMAN: Are‘those referenced in the ECCS
analysis? In other words, have you listed in the ECCS
analysis all blowdown experiments upon which you rely i

determining that the BLODWN Code is reliable?
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MR. MOORE: No.

MR. ROISMAN: Could you give us wh;t those are,
either now or, you know, after the break or something like
that, the same as we talked abouﬁ for the THINC 1 and 2
Code?

MR, MOORE: VYes, I will try.

CHAIRMAN JENSCH: Well, in view of the fact that
it's almost the time of our usual recess and he has two
codes to examine, at this time let us recess to reconvene

in this room at 10:55.
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CAATRMAN JENSCH: please come to order. The witness
has resumed the stand. Is counsel ready to procesd?
. MR. ROISWAN: Ves, M. chairmen.

CEATRIMAN JENSCH: please do so.

MR, ROISMAN: Mr. Moore, as to the two questions that |

were outstanding from the earlier cross-examination, can you

give us the answers %o thote now? mé was what WCAP reports .
verified the one and two codes. Tho second was, were experij
meéf:s verified bilowdown code, or &9 you rely upon for verifir-”
cation of them? : ;

g : MR. HOORE: The WCAP that digcusses the vexifmatwn

‘ef the THDNC code iz WCAP 7015 entitled "gud c’nannel '.s,‘hermal

Malys iz of Rod pundle Core.® |

MR, ROISMAN: That is the only omey .vs -thaé eorrect ?

MR, MOORE: Wo. 7hat's-a ¢lass 3 report which is
available, & non-proprietary veport that 1 foel addresses m.u-
self to youwx quésticm@ | |

MR. ROISMAN: Iet me check my list. I think ﬁﬁé’i: is
a zépmrt it.ﬁatl we hive., I 3\35'%: want to make sure that x.f we
go and lock at WACP 7015 and we come back next week and stert
te_alking te you about it, wiu we have all of the basic material
upon which you are relying that is in written form for the
validity of the 7HINC 1 and 2 codes?

MR. MOCRE: probably not. I'm sure there is more

written material. I would lock at any secondary refevences in
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that report. I will be prepared to discuss these next wéek@
HR. ROISMAN: The WCAP report, does it describe
various experimsnts?

MR. MOURE: Yes.

MR, ROISMAN: There are no experiments that verify

th% THINC 1 and 2 codes that aven’'t at least described in the

WCAP document ?
MR, MOORE: I'm not sure. T didn’t happen to have
the WCAP here. I just got the reference. fThere is one

experiment that may not be there that I think is germane and -/

 shonlid be Qiscussed if it is not. That®s a ope-seventh scale

hydﬁaulicsutest using the Indian Féint 2 vessel internals,
Thét i§ one-gaventh zcale.

MR, ROSIMAN: who conducted that?

¥R, MOGRE: wWestinghouse,

MR, ROISMAN: I8 it reported in a report? mot in
that one. WRas there a separate little report dche on it to get
a numpeyr ?

MR. MOORE: I'm not sure. I will have to check that _
back~hume,3’ |

MR, ROISIAN: That certainly sounds like it would ba
fairly relevant. ‘

MR. MOCRE: The xeasom I bring it up is, it had a
condition whore we blocked the iglet agsemply by ninety pex

cent and then calculated or measured the £low redistribution
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with that blockage and confirmed it with the THINC code,

MR, ROISMAN: When was this test run, woughly?

MR, MOORE: I'm guessing. Four, five years ago.
MAvybe four years ago. |

MR, ROISMAN: Do vou have & copy of it that we could
look 2t, alse, at the first of next week? “

MR, MOORE: ves, I will get what iﬁféﬁiﬁéticn T €an.

MR, ROISMAW: ghank you.

what about the blowdown code, will you be able to
get a list of the experimental data? | .
b MR. MOORE: I domn't have the &a;ﬁa per se, but I have
ése'i}ezal different experiments that heve been used, have Eeéﬁ ‘
ccmpared against bilowdown. 7There were some pzpe blowdown
experiments done at the Illincis mmstitute of 'mc'hnology",,
Research mstitute,

MR. ROISMAN: Where are those -sceports;:

MR. MOORE: fThe compavisons of these tests are
r_epoétéd in WCAP 7401, entitled, "‘ropicél Réé):o:ﬂ:;.,ms'sbf .
ebolaﬁt Aééic’éém: Analysis, comparison of Blméﬂmm 2; and rests., §

MR, ROISMAN: Does }:that sum;rize all of the exp@e'ri-s-
merts upon which you relied fbr veiifi&étion of: thé BLODWN |
CéDE?

| MR, MOORE: wes, I balieve go.
MR, ROISMAN: Is that a proprietary document? Do you

know that?
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MR. MOCRE: That is not 2 propriectary dccvmént.,

MR, ROISHANR: In the BLODWY code, is there an analysis
of vii:rationfsq if any, thét will cecur during the course of the
blowdcown en the rod to the grids?

‘ MR, MOORE: The forces are calculated. The answer
waﬁ;ld be yes.

MR, ROISMAN: wWhat I'm getting at is, vibx'ationsés
opﬁoséé to--3 didn‘t understand from the eariier discussiom.
You talked about flow, the foxrces flow, I séw something moxea
like a steady pressure against the réd. what I'm trying %o v,
€ind .'Eizé‘, is the rod subjected or the grid subjected te varying
pressures all along that would causé them to vibrate, and is
that computed in the course of the coede? | |

MR, MOCRE: <Yes. The foi‘ces do vary on thea_;toda
These are computed in the code. | | |

MR. ROISMAN: So that ﬁﬁe code does'éimulate flow
induced vibrations:; is that correct? Tﬁat is what I am aé?eing..

MR, HOORE: 1In the context of the _ﬁ:’idﬁ:@éwn transient,
yes. I°m not sure what you mean by flow induced vﬂiiatib‘nsc

MR, ROISHAN: vibrations induced by flow.

MR, MWE: I ﬁéve ‘the fbrcevsk_in&ticlse!& by flowu tWhat-
ever vibrations that are associated with that are calculated.

MR, ROISMAN: 12t me see ifr could take a gross-

exampie. If you have a cartain amount of water coming out of

a pipe and you wanted to know what the maximum force was of
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that water coming out of the pipe, vou could méasure'and come

| up with a figure. fhat would be a single figure as to what the

maximum forece was,

If you wanted to know all of the effects that that
flow of water might have om a piece of tubing that was stuck
in the midst of the flow, there would be variations of pressure
that that piece of tubing would be s@bjeete& to virﬁually
instant by instant that could cause it if they were regulax
variations to begin to vibrate. What I'm txying to find out.,
in making your computations, hawve you takéh:aéebﬁﬁé'of the way
in'éhiéh the rods would vibrate as the result of variations in
éméésuré éﬁaé it is subjected to on an instant by instant basis,
or is it a grosseé éalculatiem than that? |

MR. MOORE: WMo, The variation is continuously with
time and are calculated and applied to the rod. | |

MR, ROISMAN: And the experiments that were run to
verify the coﬁea; were those experiments able to measure these
instant by instant variations in pressure in doterminations
about the vibrations of the rods?

. MR, MOORE: Ves. .
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MR, ROISMAN: During the course of ﬁofmél
operation, does water get into those rods? Does that ever
happen? Like :when the reactor is shut down, the rods
are sitting there and & rod, in refueling,; could get
@ater in the rod.
g‘, MR, MOORE: That'’s a p@ssibility, ves,
; MR, ROISMAN: During the course of the loss of
coolant accident, héve you done an analysis of the pressure
inside the rod as a2 result of the expansion of steam in
thelrod if the vod had this little leak of water into it? .

MR, MOORE: There is no water in the rod at
full power.

‘MR. ROISMAM: What happens to the water?

MR, MOORE: It is drivenm out as the rod heats
up as you go to full power.

‘MRO ROISMAN: So at the time of any loss of coolantA
accident, the rod is completely clear of water under all |
circumstances?

MR, MOCRE: Yes.

MR, ROISMAN: Have you verified that fact, that
there won't be any water remaining ih'théré?

MR, MOORE: You can calculate the temperatuﬁes
that exist within the rod. You are well above saturation

temperature. So there is no possibility for water to stay

in the rod,
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MR, MOORE: You can have some stean,

MR, ROISMAN: Will the steam during the loss of
coolant accident expand more rapidly? 1In other words, will
it begin to expand rapidiy? 'Will it be one of the things
which will add to the pressure in the rod?

MR, MOORE: I don’t see that that’s a significant
effect, no.

MR, ROISMAN: What do you mean, not significant?

., . MR, MOORE: You would not get any'largé rapid

expansion of steam in conjunction with loss of coolant.

' The amount of steam that might be in that small plenum

is just not sufficient to create large a=dditional forces
during the loss of coolant, |

MR. ROIGMAN: Have experiments been run ﬁo
determine how much would be the mawimum steam that could be
in there and how much would be the maximuw that would
expand in the loss of coolant accident?

MR, MOORE: It seems to me it would be a fairly
straightforward thermodynamic calculation,

HRO ROISMAN: Have there been experimeﬁts?

MR. MOORE: There have been straightforward
thermodynamic experiments, yes.

MR, ROISMAN: Have there been experiments of

that particular event in the rod? In other words, a rod
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has got a certain amount of plenum, a certain amount of
gap and a certain amount of fuel and so forth. There is
a maximum that we could conservatively predict as to the
amount of steam that might be in there. Has an experiment
ﬁeen done to determine how much that steam would expand
énd how quickly under the most conservative assumption
regarding heat-up rate of the rod?

MR, MCORE: I'm not aware of any experiment
difectly applicable to the situation you are describing,

MROlROISMAN:IQWhaf a%out an énaiyﬁis_of it? 1Ino
other words, a computation of what that woﬁld‘bé with a

given amount of steam and a given amount of space in the

plenum and so forth. What would you expect expansion to be?

Has there been such an analysis conducted?

MR. MOORE: I believe so.

MR. ROISMAN: Do you know who conducted it?

MR, MOORE: Not specifically.

MR, ROISMAM: Or where it is reported?

MR. MOORE: Not Specifically” no, .

MR. ROISMAN: 1Is it something that'’s outside
your area of expertise, or is it gomething that you could
check and tell me later?

MR, MOORE: Outside my immediate area of
information. It is something I could check.

ME. ROISMAN: If you would, please,
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MR, MOORE: Yes.

MR. ROISMAN: This is to identify a report or
place where there is a report of the calculated expansion
of the rod and the steam in the rod during the loss of
coolant accident.

MR. MOORE: Yes.

MR, ROISMAN: In the blowdown calculational
method, is the fluid in the caleculation assumed to bé in
a thermadynamic equilibrium or non«equilibrium'conditidn?

MR, MOORE: It is in an equilibrium condition,

- MR. ROISMAN: WUe talked earlier about these

 experiments on the blowdown forces. Perhaps the information

is in thavWCAPo Does it describe the variation in the
equipment that was used in the experiment and the equipment
that is in this plant? For instance, can we tell how the
support structure differed, the channel wall material, the
thickness of it. those kinds of things? Are they explained
adequately in the WCAP report? That's all I have to ask
you sbout it. Then I can just look at the report and come
back to it at another gimeq

MR, MOORE: No. I would recommend the report

that most clearly or closely simulates those effects, It

would be the Battelle Northwest report reference. I would

recommend that.

MR. ROISMAN: Yowﬁean that report clearly
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describes these differences or it comes closest to
simulating the ones that exist én this reactor?

MR, MOORE: As I understand it, it was the one
that was the closest simulation of internals in the feactor9
énd it will explain what their simulation was.
§ MR, ROISMAN: Are you familiar with the interim
policy statement on the performance of the emergency core
cboling system? B

MR, MOORE: Yes.

MR. ROISMAN: 1In that statement reference is made
to the fact, I think, condition No. 3, that the core must
remdin amenable to cooling. That's one of the conditions.
Are you familiar with that particulat condition?

MR, MOORE: Yes,

MR. ROISMAN: Can you explain to me what your
understanding is of what would be a core that is not amenable
to cooling? Does it have a certain geometry to it that you
can describe that would indicate ome that is not, at the
first point at which it becomes not amenable to cooling?

MR, MOORE: It is rather difficult. I think
the concern is one in which the fuel is not contained into
a reasonably well-defined geometry such that you can treat
the heat trénsfer effects in removing this residual heat
from the fméi, So a configuration which caused the cladding

to no longer effectively contain and support the fuel
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$ creates unknowns that make it difficult to furtherl'

‘ 2 calculate what's going on.
3 MR, ROISMAN: For instance, if the various rods
4 I in the core were to become embrittled at a.single point
5 along the way ~- Let's say at midpoint., -~ to the extent
6 that it wants to refill, and reflooding began, all of those
7 rods split right at that point and the top Of-the rod
8 dropped down into the channel adjacent to the rod. Would
8 that be the kind of destruction of the core géometrj that
10 would, in your opinion, make the core nmo longer amenable to
1 : cooling, or would it be able to be cooled in that condition?
92 || MR, MOORE: I'm not sure I understand the

. 13 configuration we have.
14 ' MR, ROISMAN: We now have all of the core rods

15 cut in half, if you will,

16 MR, MOORE: Cut in half?

17 MRO.ROISMAN: Yes. The rod itself is still

18 intact except for the place that it broke.

19 MR, TROSTEN: Excuse me. Mr. Roisman, may I

20 || ask you a question about the thrust of your question?

21 Do I-uhderstand that you are asking a question

22 ‘of this witness as to what his professional opinion is
‘ 23 - concerning when the core would be amenable to cooling or

24 what that regulation means?

25 MR, ROISMAN: Not the second question, only the
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first question.

He already testified that he has‘about as much
knowledge as I do as to what it means.

MR. MOORE: 1If I have just split the rod, it is
split at one point. But the rod, the top part of the rod
}s,still there and the bottom part of the rod is still
there. It is just spiit, I don’t that's necessarily an

uncoolable geometry.
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MR, ROISMAN: 1In the case of a loss of coolant acci-
dent, if a rod should slip like that as a pmacfical matter,
would the top stay sitting on the bottom, or would it tend to
begin to flocat around or get knocked arcund or something?
Wh?t could we expect to happen to it?

' MR, MOORE: -Just locking at the loads and so forth,
I'd expect it to stay there because it is constrained by the
grids.

MR. ROISMAN: what about the fuel pellets or the
fragments of pellets, what would you expect to happen to thbsg
if the rods were to split?

MR. MOCRE: Again, it depends on the split éonfiéura-
tion, If a significant amount of fuel could be expelled féom
the split--I have no longer my fairly well defined gecmetry.

MR, ROISMAN: That's what I was getting at. 1Is the
critical thing here where the fuel is as opposed to more than
as to where the rods are?

MR, MOORE: Certainly. That's what we are cooling.

MR, ROISMANW: In other words, if the rods remained
in place, bﬁt all,the fuel came out of them, that would be a
non-coolable geometry, alghqugh teqhnicallyvthe geoﬁetry, if
you are looking at the outside of the gods, is roughly exactly
what it was before this whole event began?

CHAIRMAN JENSCH: 1Is that correct?

MR, ROISMAN: Yes, is that correct.
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MR, MOORE: Not necessarily, but the potential is
thexe, ves,

MR, ROISMAN: Is there a' percentage of the core which
can be non amenable to cooling and still the entire core would
be, im your opinion, generally amenable to cocling? I other
words, we have talked aboiut the fact that two rods might fuse
together at a pcint where they both had swollen., If that
occ&rreda let’s say, for fifty rods, they have fused togethef
for the full length of the hot region of the fifty rods so that
they formed a solid block at that point in the 6hé:§evéﬁtﬁ
gegign; |

Would that substantially inéerfere with ihe cooling
of the core as a whole?

MR. MOORE: certainly, no, not the cooling of the
core as a whole. It woﬁld certainly affect the éboling of
that particular region substantially.

MR, ROISMAN: I understand that. By the way, when
you used “region® there, you meant a geographic area of the
cofa and not the regions of the code?

MR, MOCORE: Yes,

MR, ROISMAN: We talkeﬂ..z think; yestexrday or_the
day before about the point where rod-to-rod contact occurs.
yvou have explained that at the pointof rod—-to-rod econtact no
‘heat transfer is assumed at that point. Then, instead, the

heat goes around the rod and goes out the oﬁher gide.
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.I believe 1 asked you-~if.you want, I can give you
the transecript reference., It is transcript 1692. when the
two rods touch, whicﬁ‘do you assume gets the other's tempera-
ture? “Are both rods assumed to be the hottest, or do you get
an4average temperature for the two rods now that they have
tducheﬂ, or do you assume they are the coolest of the two, I
remember you said you wanted to check and you thought it was
assumed it was as hot as the hottest.

MR, MOORE: vYes. I chéckedw The assumption is made
that there is no heat transfer cioss inferface, and the temper»_

ature we calculated was the temperature for the héttést rod.
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MR, ROISMAN: Now what happens at the poiﬁt of
coﬁtact? Is there for any period of time a period which
that point of contact, because it's going to cool more
slowly than it would cool if the water were running around
it, would begin to rise in temperature, or its rise in
temperature would continue longer than it would have
continued otherwise, or is the time that it'tqkes to heat
to éhat point just as quick as it would be ciﬁcuﬁfef@nfi&lly
around the rod as it would have been if it had been picked
up by water or steam flow proceeding éxound the_point?

MR. MOORE: There is a time transient associated

 with that which is indicated in that report which is in

Volume II of the report describing that analysis,

MR. ROISMAN: Time transient associated you said
with that? You mean with --

MR, MOORE: With the temperature of that portion
of the rod which is in contact. _

MR. ROISMAN: In computing a 2300 degreé Fahrenheit
with a hot spot in the core is that a spot where two rods

have come in contact? In other words, is that the hot spot

MR, MOORE: No. As I said before, the hot spot
is calculated on the basis of without distortion, without
contact,

MR. ROISMAN: All right., I thought you meant
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something different, I thought we were taiﬁing now about
the water flow itself when you said that it wasn't computed.
But it also does not compute the physical contact of rods
and how the physical éontact affects the heat at that point.

MR. MOORE: The design calculation that gives

#s 2300 degrees does not.
h MR. ROISMAN: Thank you.

Turning to the reflooding calculatioﬁé I believe
you testified on_the first day you assume that there is
essentially no water remzining in the lower plenum following
the loss of coolant accident. Is that correct? Is there
essentially no water remaining in the lower ﬁienumvfollowiﬁg
a loss of coolant accident?

MR, MOORE: That's cérrect,

MR, ROISMAN: MNow by essentially none do you mean
that when you compute the amount of water that is iﬁ the
core you, that is in the vessel, you assume that there is
none or it's just a very'littie bit? By figuring your
refill rate you have to determine how much you have got
tb start with.

MR, MOORE: That's correct..

MR, ROISMAN: Do you start with zero?

MRo MOORE: We start with zero.

MR, ROISMAN: In determining heat transfer during

the pre-reflooding period and the pre-refilling period, do
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you take credit for any amount of water being at the
bottom that flashes to steam and assists heat transfer
during that period?

MR, MOORE: No, no. |

MR. ROISMAN: 1Is there é perio& in the computation
of the heat transfer, is there a period during which the .
core is dry, the plenum, the iower plenum is dry, and in
effect we have got nothing in there, no liqui& at all?

MR. MOORE: Yes.

MR. ROISMAN: How long is that pgriod?

MR, MOORE: I'm sorry. I guess I should have

' that question repeated, Were we talking about water in

the core and the plenum or just in the coré or -

MR. ROISMAN: Okay. If it makes it easier to
answer we will do first the core, then the plenum and
then we can have them together.

MR, MOORE: All right.

There is a period of time when there is no water
in the core. During this time we are £illing the plenum
with accumulator.water9

| MR, ROISMAN: Maybe I should start by asking you
'to sort of describe to me what ié Béppening here. The
cores'before we have the loss of coolant accident, including
the plenum and everything, is all filled up with water.

Bam! We have a loss of coolant accident and the water begins
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to leave the core. You have got steam flashing and so foféh,
Now is the last place that the water that's in the core =~
That’s the last place that that water goes that's in the
vessél, is it through the core? In other words, is there
a time when there is water in the core but there is no
?ater in the lower plenum?

MR, MOORE: No, I don‘t think that exists.

There is a blowdown transieﬁto The iotal system
is blowing down to the containment. At-the end of blowdown
there is essentially no water in the system by our
conservative calculations.

MR. ROISMAN: I understand.

MR. MOORE: And at that point in time then there
is no water in the core and now we are f£illing up the
system again with accumulator water.

MR. ROISMAN: But when you say that there i3 no
water in the core you seem to be.saying that carefully, not
trying'to say that there is also at that time no water in
the plenum,

MR. MOORE: I am not purposely trying to say it
carefuilyo There is basicaliy no water in thg_systemp b§
the assumption and the analysis, ané now we are pumping
or pushing accumulator water in from that point on,

MR. ROISMAN: The accumulator water to get to the

lower plenum comes down the downcomer, is that right?
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MR. MOORE: That's correct.

MR, ROISMAN: is thét the only way that you
assume for purposes .of the calculation that the accumulator
wéter gets to thé lower plenum, is down thrdugh thg'
downcomer?

MR. MOORE: That'’s correct,

MR, ROISMAN: And during the cource of the
blowdown the'watér that is in other loépsg'isvthat assumed
to pass through'the core on its way out the bféak'or ce
Soxry.

MR, M@ORE: Some does, some doesn’t,

’MRQ ROISMAN;  The foute that that 1obp water
takes, is it‘tﬁe same.route that the lost accumulator
water 1is assnméd to téke?_,- | |

MR, MGORE: No., |

‘MRQ ROISMAN: What is there about th#t watey «-
1 take it the accumulator water is.coming into the same
loops that weAaré'talking about, the loop water being in,
Why don't they go essentially to the samé place? 0What is
the mechénism ﬁhat‘s occurring?

MR. MOORE: Well, there is discharge from the
ioops in two different directions towérd the break, the
intact Icopsu The hot legs =~ We are talking about the
double~ended cold leg break?

MR, ROISMAN: VYes.
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MR. MOORE: The hot legs are discharging
partially through the core up the downcomer and out througﬁ
the break and part of the water is going through the steam
generators through the cold legs into the downcomer and
out the break, |
ﬁ. MR, ROISMAN: And part of it is going into the
cold leg that has the break and isn’t getting to the core
at all, |
- MR, MOORE: All that, all of it has to go out
éhrodgh the broken cold leg. Some of it bypasses the core.,
MR.ROISMAN: Now the accumulator water that's in

the same loops, it does not go through the core om its

- way out, is that correct?

MR; MOORE: That's correct.

MR, ROISMAN: What I am trying to understand is
why does the water that's essentially in the same loop ==
Some of it was in the loop to start with and some of it
was in the accumulator -- why doesn’t it all follaw the
same path? Why doesn’t some of that accumulator water
come through the core on its way out, just as the water that
is replacing it in the loop, some of it, came through the
core on its way out?

MR. MOORE: Because during most of the transient
period when the accumulators are injecting, the flow through

the core is in the reverse direction. So that it is flowirg
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from the hot leg down through the core and up the accumulator
and out the break.
| - MR, ROLSMAN: You said up the accumulator and
out the break.

MR. MOORE: Up the downcomer, excuse me.

So the direction of the flow is such that the

accumulator flow would not go through the core.
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MR. ROISMAN: YVYou mean in other words éverything
that's in the core in the vessel itself is tending to go out,
whether it's out the hot legs, around, and finally through the
break, or out the cold legs that broke and directly to the
break., It’s all going away from the center of the core, is
that right?

MR. MOORE: NoO.

The flow from the steam generators tovtﬁe hoi‘leg
pipigg during a large part of the bldwdcwn,'particularly at
théﬁiaééf éﬁaées ef the blowdown, is going back éhrougﬁ the
core and there is a stagnation point where flow can flow inv
fhe other direction in that intact route through its cold leg
into the annulus and outbreak. If you look at the testiméhy
we'pgesented for the loss coolant analysis you can look at the
core flow and see the direction of the cdie flow in that over
a large part of the blowdown transient we are getting reverse
flow throwh the core. The accumulator Qater is coming in the
cold legs, is spilling into the down, and will tend to fall
down the down, and £fill up the lower plenum while the steam is
discharging up the down, and;but the break.

| MR. ROISMAN: Is the water that comes into the core

from the loops, not the accumulators now, from the loops, does

-itlgo through the middle of the core or does it stay to the

side of the core? ASs it comes through what is the tendency?

MR, MOORE: Tt goes through the whole core.
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MR. ROISMAN: In other words, there is no pressure br
anything that’s occurring near the center of the core which
would tend to force that water to the side?

MR, MOORE: No. _

MR. ROISMAN: 1I= the center of the core hotter than
t@e edges of the core?

MR, MOORE: Somewhat.

MR, ROISEANs Is it causing the prodﬁction of steémv
at a hotter rate then the edges of the cove?

MR, MOORE: Not signifiéahtly to~= .

MR; ROISMAN: Well-~go ahead. |

MR, MOORE: Not significantly to cause any flow re-
distribution,

MR, ROISMAW: Can you "not significéntly" means in a
figure?

MR, MOCRE: Well, analysis would say ten to fifteen
per cent flow redistribution might occur in a calculatlon. We
assume a twenty per cent flow redxstrlbutlon, just to be
conservative,

MR. ROISMAN: What is it? fhere are experiments that
have been run to determiné that,

MR, MOORE: Again, this is a calculation using the
THINC codes that have been verified by experiments as discussed
earlier.

MR. ROISMAN: My question is as to the specific~-
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in this reactor, have experiments been run to find out how much

steam will be

to what extent there will be forces keeping water, during the
blowdown stage, away from the center of the core? O the hot

part of the core, and assuming it is,

MR,

related to that condition.

MR,

but that are indirectly and you feel reliable enocugh are the ,

ones that are
. i
MR,
test that was
MR,
MR,
same pressure

exist in this

I think it’s--what is it, 20--

MR,
MR,
MR,

MR,

the loops to ratio of water in the cure, was it the same ratio

as was true in this reactor?

2801

got the kind of power distribution that you have

generated in the center compared to the edge and

MOORE: ‘There are no specific experiments diréctly
ROISMAN: And the experiments that are not directi

oué?%ned in weap 70152

MOORE: Yes, |

ROISMAN: And this one-seventh séale hydréulic
run for a scale of this reactor, is that correct?
MGOORE: Yes.

ROISMAN: Just in general do these tests have the
in the reaétor core as the pressure that would

reacter core prior to the loss of coolant accident

MCORE: 2250,
ROISMAN: ves. 7Is the operating pressure?
MOORE: MNO.

ROISMAN: Did the ratio of the amount of water in

Y

?
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MR, MOORE: No. What is significant is the void
| fraction and the amount of boiling flashing you have, Thatds
what is important in calculating the redistribution of flow.

MR, ROISMAN: well maybe I am misunderstanding, but
I thought it would be equally relevant ¢o know how much |
priessure the additioﬁal water is coming into that core with in
order to see what back pressure would deter it from entering a

certain area.

In other words, assuming the back pressure difference

were'a ﬁdnéreé,'the water was coming in at a pressure of ,
thirty-Ffive, that it wouldn't e%eryget into the place where the
difference was a hundred?

MR, Mﬁaﬁﬂe' Yes. We were talking about redistribu-
tion effects which don’t have an effect on totai preséure in
the inlet and outlet core. The comparison to the total pres-
sure, which is driving the flow through the core, is obtained
in blowdown type experiments.

MR, ROISMAN: We are now trying te figure out~-you
have got watexr coming from the various intact loops passing
through the core on its way out of the system. As it passes
through the core it cémes through at é certain pressure and at

this point we aren’t—-i”m not discussing with you what that
'pmeééure is, but it has one, and I assume that has been some
computations as to what its pressure is.

MR, MOORE: Yes.
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MR, ROISMAN: Unless it's going to pass through the
core and the core has got different pressures in it. My gues-
tion is as it flows through that core if there i3 an area in
which the pressure of the core is substantially greater than
the pressure of the incoming water, then the water isn’t going
éo get to that part of it at all,

MR, MOORE: That's not the case. The pressure across
any cross«éection of the core is essentially uniform becéuse
it’s an open lattice core. | |

Mﬁ, ROISMAN: BXcuse me? | ‘ )

f o MR. MOORE: <he préssure is uniform.

MR. ROISMAN: We are back to this across thiﬁg@

MR, MOORE: Now you are across.

MR, ROISMAN: Oh. NUQ you mean horiééhﬁaliy across?

MR, MOORE: Right. The pressure is basically uniform
and that is why in order to maintain that uniformity in prés-
sure thevre is a slow redistribution.

MR, ROISMAN: vYou say that it’s uﬁiforma Ybu mean
éhat at the same instant it’s the szame or you mean that the
ﬁendency will be for it to get uniform?

MR, MOCRE: If the flow redistributes such that it
does become uniform. |

MR. ROISMAN: We are not talking about--when you
first start with a hot center the steam begins to expand more

guickly than it 'does at the cooler areas., There is a pressure
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H3 Bt6 ¢ || aifference as the steam in the middle is still at the middle,
. 2 ncas it's moving to the lower pressure areas., I understand t}iatu
3 But my question is, is there a point at which that |
,,‘ 4 || will be a cross core, if you will? There .is more pressure at

5 thét center hot Spot than there is at the edge until  we get a
6 re;&istributim of that pressure.
2N | . MR, MOORE: It's all a continuous transient. You
8 || don't suddenly have a large pressure in the center to be re-
9 lieved. As the water comes through and it’s heated up, the
10 || water in the center as it‘'s heated up more will flow toward
3] the other assemblies, in order to maintain the same pressuré
12 drop between assemblies,
. 13 MR. ROISMAN: We start with water im the core already.
14 How we have a loss of coolant accident. tThings are starting
5 to get hot very fast. In the center they are starting to get
ié hot faster than they are on the edges ‘because it's hotter there
17 to begin with. You have got 2 higher power density. 1Isn’t
8 there a tendency at that time to start already pushing water
i9 away from that center as that steam begins to expand more
20 quickly than the steam on the edges expanding.
21 .~ MR. MOORE: There is a tendency for this--yes. There
22 || is a tendency for the water in the hotter regions of the core
~ to expand to the polar regions of the core. I think we have
24 || ot a misimpression here about the power distribution in the

core., I don't have a very local hot spot or region in thecore.,
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The hotter regions, the hottest assembly, occurs in say four
locations in the core, symmetric locations. These are not
all together in one volume as we were portraving it here in
the discussion.

MR, ROISMAN: I understand that. All that does then
is it incréase@ the number of places from which higher pressure
is being generated.

MR, MOCRE: My point was it's not large volume of
high pressure surrounded by a low pressure volume.

MR. ROISMAN: VYou can look at only the section of
?he core that has the hot region in it, if we can see it that
é;ay;' )

MR, MOORE: 1It’s one assemblf surrounded by cooler
assemblies.

MR, ROISMAN: ¥es. I am just trying to understand
the mechanism of the pressure moving from the hotter to the
cooler thing and now what I am saying is as you have pointed
out it's a continuous event. It's going on all the time.

So the water is coming in the bottom of the core now and it's
trying to figure out what is the best way to get the hell out
of this core, and as it's making that decision it seeé through
tﬁe core places where the steam is expanding faster than it is
on the edges,

What I'm asking is how do you know what experiments

you could run to determine how much of it will get into %he




ZBt8

10

1t

12

13

14

i5

16

17

18

19

20

21

22

23

24

25

2806
hot region, whether there are five of them scattered fhrough
the core, or one of them in the middle of the core, ang we
started talking then about experiments that had been run and
you said"wWell, it doesn't matter what the pressure is of the
incoming water,® and 1 am trying to find out why that doesn’t
métter if you have got some areas that have higher pressures
than others,

And when I reached that point you saldg “Well, the
pressure is essentlally even at the same regzon of the core, v
and ¥ understand that it's moving in that direction. put at ’
any given mement it is not at that point. We are now trying

to find out where the water goes when it gets.throughq
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MR, MOORE: You understand the large pressure

difference is the pressure difference from the top to the
bottom of the core. That's what is driving the flow
through the core.

| MR, ROISMAN: I understand that.

5 MR, MOORE: Okay. And these are small pressure
differences, a few psi, or tenths of psi, that can occur
in getting the flow redistribution between the assemblies,
It doesn’t take -- As soon as the pressure difference
starts to build up in a hotter assembly the flow immediately
redistributes to ensure that the pressure is umiform
across the core. As it’s coming through the core and as
long as the total pressure drop from the top to the bottom
of the core is im a direction to force the flow through
the core that's where the flow goes. We are talking about
a second-order effect in terms of the flow redistribution
within the core.

MR, ROISMAN: Don'’t misunderstand me. I am not
doubting your conclusion, at least not at this point, that
tﬁe water doesn't go through the core, that it goes £rom
the bottom to the top., What I am trying to find out is

whether or not the twenty percent redistribution is an

appropriately conservative figure in figuring out the

route that it takes in going through there. I mean if I

assume that if you have in the middle of the core a huge
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open hole with no rods in it at all, that that would very
much change your question as to what the redistribution is,
particularly if it was surrounded by a curtain of something
that tended to be an insulating material and made it cooler
there. You‘d have a tendency for the water to go to that
point rather than for it to go to hotter places. What I
am trying to find out is you don't have it quite mathematically
but we do have cooler places, hotter places, lower preséure
and higher pressure places. How do you compute how much
would go through which portions of the core?

i MR, MOORE: You compute it by éalculating for
edch region of the core the equations of -

MR, ROISMAN: Excuse me. Are we talking about
geographic regions or the code regions?

MR. MCORE: I am talking about geographic regions
when you look at a hot assembly adjacent to a cooler
assembly.

MR. ROISMAN: Oh.,

AMRD MOORE: And you calculate the amount of flow
that goes into each of these assemblies., You do an energy
and a mass balance on the flow going to each assembly and
'you do a pressure drop calculation on each of these
assemblies and you calculate what the pressure drop will be
as that fluid expands in each assembly and you find out

that the pressure drop in the hotter assembly wants to be




2809

higher than the pressure drop in the cooler assembly.

So the conservative way to calculate how much
water goes out of the hot assembly in order to get an
equal pressure drop is to assume that it's immediately
redistributed with no pressure drop in the radial direction
éow across the core, as you would say, and it can
imhediately redistribute,

So this would tend to always push water out of
the hotter assemblies into the cooler assemblies and will
in fact overpredict the‘amount:that will go out of the
h@t aésemb1y¢ S

| So you can calculaté this by just calculating
along the 1éngth of the assembly the pressure drops in
each assembly and take the floﬁ out 0% the hot assembly
which is required to keep the pressure drops equal.

MR. ROISMAN: I understand the mechanism that
you are talking about,

MR. MOORE: That's how we calculate it, ‘

MR, ROISMAN: Did you do experiments to find out
Qhether it was correct to say what the rate of flow,
radial flcw;nawg would be as a2 result of the power
distribution differences?_

MR, MOORE: ?es. These are the experiments that
I discussed in this WCAP 7015 where you have assemblies,

adjacent assemblies with different power levels, and you
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1 heat the water up more in one assembly than you do in the

. 2 other assembly and you measure the flow in the two assemblies
3 and compare them to what you would predict. Yes, those
4 experiments have been run.
5 MR. ROISMAN: Were they run with -~ Did that
6 water tuxn,to‘steém_in the course of the experiment?
7 MR, MDOREﬁ There were some experiments where
8 there were void fractions up to eighty, ninééy perceni,
8 that's with a considerable amount of steam which is
10 representative of.the loss of coolant conditions, The /
1 } answer is yes.
12 | S MR, ROISMAN: In the situation where the hot
. 13 assembly is surrounded by cooler assemblies the pressﬁfe
14 difference between -- Well, let’s go back. You are

15 computing it using this one-seventh of the rod, right?

16 The hot spot is a seventh of the rod's length long.

17 MR, MOORE: We are talking about a different

18 calculation now. It's a flow redistribution éalculatiqnﬂ

19 MR. ROISMAN: What is the height of the area

20 in which the hotter spat is assumed to exist? As percentage

21 of rod. I don't mean in inches,

22 MR, MOORE: I don't recall offhand. There are

23 probably at least twenty such axial sections, perhaps more.
. 24 The rod was split upv'into much smaller increments than

25 ' the one-seventh that's used for the temperature calculation.
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Is that a less conservative or I should say is that a more
realistic or & more conservative method of doing it than
if you merely divided the rods into seven sections and
treated one-gseventh as having the same power density, the
same amount of heat and so forth?
Y MR, MOORE: With respect to calculating the
detaﬁled flow phénoﬁena and the redistribution, you want
a finer measure, a finer distribution of regions in your
aﬁalyéis; 'Tﬁe number of regions you choose for any
pérticular analysis is a function of the kind of analysis
you are doing ané'the kind of results , the application
Of the result,

MR, ROISMAN: I understand that. Butlnow we
are talking about whether a region in the core is hotter
or not than an adjacent region. As I understand it it's
power distribution that determines whether it will be hotter,
all other things being equal, assuming that we don't have
metal-water reaction, something like that, which we are
not talking about at this stage in the loss of coolant
accident, is that correct? It's the power distribution
which makes one area hotter than another;»

MR, MOORE: Yeéu

MR. ROISMAN: I thought you had.said that in this
reactor one-seventh of the reaction portion of the rod

represents this same relative power distribution. Now in
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the hot rod that was 17.4 kw per foot, is that right?'

MR. MOORE: Yes, sir.

MR, ROISMAN: Then in the hot rod a seventh of
that rod has a power distribution which is the same, namely
17.4 kw per foot.

MR. MOORE: That's right, for the temperature
calculation.,

MR. ROISMAN: Go ahead, I am sorry.

MR, MOORE: To wit, my main purpose for that
caiculétion is te calculate theapeak clad teﬁpérature,

| MR. ROISMAN: Isn't it that temperature that will

/ deteﬁﬁinéfﬁbw much steam is generated and how fast it will
be generated at éﬁat point, assuming you have got water
thera? |

MR, MOORE: It's more the power in the assembly
than the temperature itself. The heat is ¢ransferred from
the cladding to the core. |

MR, ROISMAN: Power is what defines the one-seventh
aréé; ién"t it? The one-seventh area hés the power.,

MR. MOORE: Yes.

MR, ROISMAN: But what I don't understand is why
'ish’t one-seventh then used as the region of interest
when you are looking at the hot test section? 1It's got
the same power,

MR. MOORE: Because we are looking at apples and
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oranges. We are talking about the temperature calculétion,
the LOCTA Code in one case. In the other case we are
looking at what possible flow redistributions can I have
using the THINC Code. These are two entirely different
calculations. The LOCTA calculation assumes that there is
é twenty percent flow degree distribution.

MR, ROISMAN: Right. And that assumption is
based upon the computations in the THINC 1 and 2 Codes,
vhich in turn are based on the experiments in WCAP 7015,
among othevrs, correct? They are apples and oranges but
they are all going to end up on the same table, and that
is what we are talking about. They all get added together
at the éﬁdﬂbf‘fiéﬁfihg out what the peak clad temperature
in.the loss of coolant is, loss of coolént accident is,
which is 2300 degrees Fahrenheit or 2700 degrees Fahrenheit.

MR. MOORE: Yes.

MR, ROISMAN: Okay. What I am trying to find
out is when you are figuring out how much radial flow
redistribution there is going to be in the core as a

result of hot spots, why isn’t the area of interest the

‘whole area that has the same power density for that rod,

namely one-seventh of the rod., Aren't you going to get the
same amount of steam, assuming that the one-seventh area
represents a food and a half from the point that is three

inches, six inches, nine inches, twelve inches, fifteen
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inches, eighteen inches, aren’t they all going to be
producing the same amount of steam at the same temperature
provided that they have got -- I mean they start off with
the same amount of water around them, don’t they?

MR, MOORE: . Yes.

MR. ROISMAN: What is the point of splitting
that up into thirds? What difference do you get in;eéch'
third when you split it up into twenty regions as you said
orlgoughly twenty for purposes of the THINC Code v#riations?

MR, MOORE: Well, I want to properly simulate

the effects now in the case of the THINC Code., I am

" interested in the effects along the length of the fuel center

from the inlet to the outlet and the effects of the previous
regions are important in determining the thermohydraulic

effects of regions downstream from those for thermohydraulic

- analysis. Therefore I need a rather detailed continuous

representation of the hydraulic channel from the inlet

to the ocutlet.
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MR, ROISMAN: I see,

MR, MOORE: In the case of the temperature calcula-
tidm where we had ocne-seventh, 2 one-seventh length, there is
basically no effect of that length on adjacent lengths. So
it is not as important, the actual physiéal length that I am
uéinga with respect o the temperature calculation. I have

just been overly conservative in pickin@”theitotal aneeseyemth'

to be at the hot spot. It doesn't mattéé‘wﬁéé'éhe orie above

it or belaw zﬁ is xeally doing wlth respeet to temperaturea
MR, ROISMAN: <an you explaln to me haw 1% matters
in thg‘hyaraulics situation? For imstance, lot me see if 1
undexstand this, | l
If we were talking abouﬁ a core ln thch the water
was not moving, but for the time belng, was just standlng
still, and you had a rod that had the same power dastributloﬁ
ovey an area of one-seventh of that rod, a foot and a half or
so, would the amount of heat tramnsfer to thé Watex-a@ the full
lehéﬁh along that one-seventh be the same, or should it be?
MR, MOORE: Yes.
MR, ROISMANSg WhaE you are saying is, if»the watex
is moving, it ﬁcw makes a:diéference.in figﬁring out héew it
is going to move, what is haﬁpening along the length? That is,
as you move up the red, even though the same amounﬁ'of heat
is being transferred out of the red, what that heat does when

it gets cut of the rod would be affected by what has happened
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to the section of water a moment before as it passed by an
earlier portion of the red; is that ecorrect?

MR. MOORE: Yes.

MR, ROISMAN: vwhat happens? what is going om with
this water as it is passing along the same section of the rod
that has the same power &istzibutione the same amount of heat
coming out of it, What is going on, fexr pracﬁieal mattexs(, .
with the steam as it is going up that way? -

MR, MOORE: When I smulate the t@hﬁérature calcula~
tion with one-seventh of the r@ﬁ‘, where each S@venth of 'G:he |
red has a certain constant power, can yom vzsual:.ze the power
along ‘a‘:he length ofthe assembly lS in fmu:e steps where each
interface there is basically a ten pex cem:_, increase in power ?
We have the hottest or the hot spot and éh_e'h we had - 9 times
the hot spot and .8 times the hot spot. If T do a tﬁzeml
hydraulic calculation where the power distribﬁtion éakes a
sudden ten per cent step at each of these areas, I woh't get
correct representative results at thé interfaces between the

regions,. - The interface is important. I want a mdre reasonable

' repzesentatmn of the siope of the power dz.stmbuﬁ;z.on along

the total channelg not just inm the region of the lwt spot.

That’s the reason y&u do a more detailed axial _

-analysis for the thermal hydraulics.

¥R, ROISMAN: put how does it affect the flow? That's

what I was trying to find out.

-
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MR, MOCRE: Row does what affect the flow? '

MR. ROISIMAN: How is the flow affected, if you will,

by the history of the drop or the steam as it passes along the

length of the rod?

PR, MOORE§ As the water heats up, its density is
céanging and its pressure drop characteristics., There is
friction pressure drop that is chenging. So=~ -

MR, ROISMAN: Go ahead. I'm SOrTy.

MR, MOORE: So you have te properly accouwnt for the
ffiéﬁi@nal pressuxre drops and the demsity variatioms in ,
pﬁessure drop along the lemgth of the channel. So I am
accumulating a pressure drop between the inlet of thé core
and the outlet of the core, and T am specifying how that
cceurs along the length of the channel.

MR, ROISVMAN: om the bottom end of the region, let's
talk about a point a third of the way up the rod.

FHR. MCOGRE: Yes.

MR. ROISMAN: Will the outward pméssure—«as we are
mo?ihg up from the bottom ofAthe ro&,:ﬁhe wﬁter at this point
is being exposed to pzogxessxvely hmtter portlon of the. rod°
is that correct? fThe rods ga fram 1dwer power densxty to
highexr poweyr density as they move from the ends toward the
centery is that right?

MR, MOORE: Yes,

MR. ROISMAN: So as the water is coming up from the
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bottom, it is being heated progressively more'and more as the
steam has been hecated progyressively more and more; is that
right? |

MR, MOORE: Yes.

MR. ROISHAN: In 2 givem area, as it gets to the bcttoq
of the hottest region, which is a seﬁanth of the rod’s length,
the hottest region, is there a tendeney fqr the pmessure belng
g@n@r&t@d by the expanding steam to pmsh down t©o the si&es and
up? m Oth@?‘%ﬁﬁd@a does it tend to expand im all directions?
m@t egually, but do@s it have a tendency to expand in all ;
@aree%ions?

MR. MOORE: ¥oS, there is a certain préssure drop
assoeiated with that water going tﬁrough that particﬁlar'
region, _ '

MR, ROISMAN: As it continues to go oué through thé
hot region, it continues to have a tendency to expand in éll
directions: is that coxrect?

MR, MOORE: Yes.

MR. ROISMAN At the bottom of the hot region, is
the percentage of it ﬁhaf“s going to expand downwar&, sideways
and up, the same as it is at the %op of the: hot reglon?

MR. MOORE: Wo. ‘

MR, ROISMAN: How doés it change?

MR, MOORE: By the pressure drop in the radial direc-

tion, across the core, is much lower than the pressure drop
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along the length of the fuel assembly.

MR, ROISMAN: Does that difference between the
radial pressuxre an@ the vertical pressure change as the water
passes by the hot spot along the one-seventh recorded as the
héttest power distributicn, highest power distribution?

: MR, MOORE: Yes. In the hotter regions of the core,
the tendency is for move flow ¢o go out éf;the hétter.regions
acress the coxe. | |

MR. ROISMAN: Why is it thé:téhééné§-for mofe of if
ﬁoggqgﬁﬁ thé core?. ynuvtestified@ I thought, that a difference
is beté@en the rods. - |

MR. MOCRE: I am comparing the flow in one cosler
assemﬁly t@{a hotter assembly. 7The pressure drop at the inlet
to a cool assembly, the pressure at the inlet of the cool

assembly and the hot assembly are equal. The pressure drop

pressure there is also egual. There is a larger pressure drop
at a given flow tham the hot assembly., So that flov must fi@&
out of that asseﬁbly into the cooler assembly in order to
maintain eqﬁal pressure droﬁs between the assemblies. The
pressure drop at any given plape in the core is essentially
the same.

MR, ROISIAN: 1If we look at the bottom of the rods
for several assemblies, what would be the variation in the

power density at the bottom of those rods? Assume that one of




LWED

10

$1

32

14

5

i€

the bottom of those rods?

282¢C

the assemblies is what we would call a hot assembly surrounded |

by cooler assemblies., What is the power density difference in

MR, MOCRE: Bpeotween a hot assembly?

MR, ROISIAN: And an adjacent cooler assembly, 2
typical differcnce.

MR.MOORE: mMaybe five, ten per cent reduced im the
coolexr assembly. |

MR, ROISHAN: If we started with a dry cere,
asssuming it was warm, and ﬁad‘reeentiy iggﬁfiééfw%teio~waﬁld;
the,wéter tend to go up the cool assamﬁiy moié,%han the hot
'aQQGMbiy? That is where the bottom was cooler? |

MR, MOORE: Yes. - |

MR, ROISHAN: Would that create a p@éssuxe difference|
at that point botweesn the two?

MR, MOORE: I which direction?

MR, ROISMAN: Horizoatally.

MR. HOORE: Yes, it would tend to create a @ressur@
ﬁiff@rencéa If you assume there is no pressure difference
impeding the redistribution of flow, ﬁ&u'w&uid get more flow
frow the hot region to the éoeler regi&n@-
| MR, ROISKAN: Then how is it that you assume that
the pressuvre at the inlet and at the exit to the core is the
same?

MR, MOORE: I didn’t say the pressure at the inlet
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is the same as the exit.

MR, ROISMAN: For the all the inlet you said it is
agsumed to be the same. You said for all the exits it is
agsumed to be the same. How is it that that it true?

MR, MOORE: i%at°s a conserﬁative assumption with'
r§3peCt to calculating the flow vhich will redistribute from

the hotter regions to the colder regiems.
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MR, ROISMAN: Before we label what it is, it
is inaccurate; is that correct? It is not the case that
the pressure is the same all across the inlet to all of
the rods, or that it is the same all across the exit to

all of the rods?

é MR. MOORE: 1If the bottom of the core is the

same because there is no heat genmeration ~- That is at
very bottom of the core, L |
MR, ROISMAN: It is the sawe becausd of wht?
MR, MOORE: We have notvgenerafed any heat to
cguéé-ény flow redistribution. ﬁé aren“t'into the flow
assembly yet, correct? Thé same pressure éﬁ;tﬁé boééom

of fuel assewblies, we are at that,

. the

MR, ROISMAN: As soon as you start at thé'béttem

of the rods is what I should hsve been saying; at tﬁat

acrosg the bottom of all the rods? In faect, that is not

the case?

MR, MOORE: Once we start to get into the assembly

there will be no distribution dnd will tend t6 be a pressure

difference between the hot assembly and the édjacént
assemblies in the radial direction. ‘

MR, ROISMAN: Righé at the tip end is there
any heat coming off the tip end going down?

MR, MOCRE: Wherever you want to start adding

the.séme horizontally
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MR, ROISMAN: Taking this to a loss of coolant
accident situation, the rods are hot. Theﬁ are hot bn
the tip, the portion that points to the bottom of the core,
As water starts coming into the bottom of the
core and begins to move up through the core, at the very
bottom, the first time the water gets to aﬁééiht”whére it
is horizontally even with the bottom of the- fcds 'at
that point is there a pressure dlfferbnce between some of‘
the bottom of the rods and other of the bortom of the rods?

MR. MOORE: Only because -- Yes, because fiow

is trying to come out of the hotter assembly ihto the

cooler assembly, |

MR. ROISMAN: But yoﬁ'assumé that ﬁhere is no
pressure difference there; is that right?

MR.. MOORE: Yes.

ER¢ ROISMAN: “In the calculations?

MR, MOORE: Yes, and that gives me the highest
flow out of that assembly. ?here is no retarding pressdre
dxop in the flow redistributing from the hot regions into
the cooler regions.,

MR. ROISMAN: I'm sure we sre getting into a
level of hydraulics which is well beyond my ability to
fully undexstand.

Just from the standpoint ©f common sense, the
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first time that water gets to the bottom of the core, it
is already beginning to diverge away from the center vhere
it is warmer, to the sides. That Seems to me to be a more
conservative way of figuring out how much water got into
the channel for the hot rods than it is to assume that all
of the rods got the same amount of water moving up through
the bottom, and later, as they got further up, ;. they began
to do their divezsioné

MR. MOORE: ‘I think I follow what you are saying
I thlnk 1& comes back around to my statement earlier that
Iwﬁaﬁé to caiculate these effects over small ax1a1 increments
for that very reason. So that I do get the effect
incréﬁent by increments as I traverse from the lﬁlct to
the outlet. _ :

MR, ROISMAN: I like Mr. Ford's knack with the
pern., lMaybe we can get something here,

Assuming this is a line that represents the
bottoms of the rods. All the bottoms of the rods are right
here. As I understand it, if we are going to look at a
geographic region -- And in this geographic region of
the core a hot assembly is present, Let us say it sits
here. In this region, which is a twdaﬁiﬁeasional

representation of what is a three-dimensional situvation,

there are other regions out here and here cooler. Water

is coming uvp like this.

e
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I gather in your assumption you are assuming it
is coming up equaliy everywhere, the same amount of it.
CHAIRMAN JENSCH: When he agrees, it will help us.
MR, MOORE: VYes:
CHAIRMAN JENSCH: Proceed.
MR, ROISMAN: As it is coming up'here-and these

assemblies go up -~ And here is the top like fhét and it

runs through the middle like that. This, for our purposesy

will represent the hottest region of the %ot assembly
which if we are merely defining lt in terms of pawer
,distrzbutiony represents roughly oneeseventh of 1&° - 8o
far this is accurate. Will you say yes? . f

MR, MOORE: That's yes for the tempeféturéa~

MR, ROISMAN: T understand, Whether it is
temperature calculations or anyihing else, the bowe% .
distribution is the same for one-seventh of the Ieﬁétﬁ éf
the rod; is that right? |

MR, MOORE: Not in the core. We discussed

: eac;ier that there is a variation along that leuwth of

a few percent on elther side,

MR, ROISMAN: Othei than chiat few percent, it is
?oughly, if this is the hotte§t$ 17.4 kw per feet; is
that right?

MR, MOORE: Yes.

MR, ROISMAN: What we are trying to figure out,
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what the THINC Code is trying to give us information about

is how much water is going to get here, and once we know
that, you can make heat transfer determinations, and you
can tell us how hot that’s going to get.

; As I understand it, you assume that the water,

és it comes up here, does make the first infinitesimal break
éhfough the bottom of these rods equally for all of thé
assemblinss and then it begins to diverge and you divided
it up into twenty seconds to det@fmine how much it diverges
as it goes out, Is that correéct or not coﬁéect?

MR, MOORE: Let me try to explalnu E ® not sﬁfe
ébout the twentf seconds,

MR. ROISMAN: I understand

MR. MOORE: We divide it up into. cartaxn SéLthﬁau
Here is the cooler assembly and here is the hotter assvmblyf
I take, within that little section, and I s&y the pressure
Py here is the same. '

MR. ROISMAN: That’s at the begiﬁﬂing?

MR, MOORE: At thé beginning. Then I say the
pressure, Py is going to be the same at the e#it'of téese
two. Then I calculate the amount of water coming in here,
coming in here based on that;pressure difference. Then
I've got heat coming in here'amd heat coming in here. But
the heat coming in here in éhe hot assembly is higher and

more than the heat coming into the cooler assembly, this
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assembly. So the coolant in here will expand and it will

tend to give me ahigher pressure difference for this incoming
flow in this region from here to here, the hot assembly,
and in this region from here to here.

I have said that the pressure should be the same
at the exit., So I célcuiate this pressure drop across

here for both of these, and I do this by taking flow from

the hot section here, this hot section here into the

cooler section. So I am taking flow out of thls hot & -

assembly. I take enough out 8o that the preasure drop from

,hére to here in the cold one and from here to here in

' the hot one are the same,

Now, that gave me a cef%ain flow coming out of
here and here. The flow is lower in the hot}agsembly Ehﬁm
it is in the cold assembly, right? o

You asked me, is there a pressure difference
between the hot assembly and the cold assembiyc I saf,

yes, there is a pressure difference to be expected that

5w111 tend to 1mpede the amount of flow that goes from the

hot assembly to the cold aséémbly, I say, forget about

that, I won't assume 1 é@ iﬁpeding the fid& and let it

all go. That gives me more flow out of the hot assembly,

Are we agreed?
MR, ROISMAN: My question was, down here you

have hear radiating downward. There is more of it
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radiating dowiward here than is over here. Why don't you
assume that the flow that enters this assembiy at the
beginning is less than the flow that enters that assembly
at the beginning because of the higher heat that's down
here at the bottom?

MR. MOORE: 1Is that what started all this? There

is that much difference in heat that's going off the bottom

 of either one of these rods. The heat transfers from the .

bottom., There is no real difference between tﬁQse €wo,

MR. ROISMAN: 1Is the power density d£éferént
at the botiom of this rod than at the b;attor;; of the rods
in the ¢ooler assemblies, than it is at the Eottom of the
rods at the hotter assemblies? .

MR, MOORE: Yes, mainly measured in =< In a
radial direction I'm talking aﬁout’poﬁer dénéityb You
understand the power density down here is very, very 10@°

MR, ROISMAN: You mean the power density for any
rod is very, very low?

MR. MOORE: Yes.

MR, ROISMAN: But what's the difference between

" them? That is what I want to know.

MR, MOORE: I don’t recall the number offhand.

The power differeﬁce between <= The level of power at

this bottom of‘the core is so small that differences

in power between the assemblies aren't reslly important.

That®s when you get up to higher powers,
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MR, Rmtsmm Do yvou disregard it? whatever the
c‘iifferem;e is, vou disregard the éifference?
R, uooRE: ves.
MR, i’imsmzés ‘ﬁierefore, is it fair to say, without
gi@ihg & qualitative term, you overpredict the amount of water
'&ﬁat enters the hot chaanel?

-' m;ﬁa@am Wwell, yes, without any qualitative--

¥R, ROISIAN: I understand that. put your qualitativel

it is an insignificant amount of éverpredgi:ét;i%ﬁ;? SR R
s MR, MOORE: Yes, | '
| MR, ROISHAN: That's all I wanted to éiﬁd out about
first. | j
MR, BRIGES: IRY I ask 2 guestion, pi@aae? I djﬁn%
want to break up the trend of thougﬁm RSSO
I this vertical element that you havé;. hgre th;faﬁ:: ydu
calculéte& the flow through, is the flow enﬁ:e:z‘"'iiiig t‘ﬁe ‘element
.a;gsﬁ} Lleaving the eiement} the same, or do you.at:tuail'y caleuiate'
the v'ra&ié}al fiow, the element in your ca lculé*:.: ion? |
| MR. MOCRE: ves, we ecalculate the vadial flow, and
that“s the whaia purpose of t&;is éiiinalj%g’{is@ ihe f£low ‘iue:i@,, Wi"
if this is the hotter assem‘blg}, is Wy and up the channel.
| MR. BRIGGS: There are two ways of doing it. One
wouldn‘t involve a ragial flow caluunlation but 2 prezsure drop

calculation along the point, and having uniform pressure drops
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along the section., <You would assume in and the £low out was
the same for each element, but not the same for each--let's
puﬁ it ancther way.

The flow im and out the section of center elements
would be the same, and the flow in énﬁ out a side element woﬁl&
be the same, but not necessary equal to the ceni:er0 VEu do
calculate the actwel radial fiow as a funCtlﬁn Af posztlon 1n.

each element: is that correct ?

MR¢ HOORE: That's correcta ﬁs I ﬁhéérStana the poimn

X3

y@ﬁ are mahang, if t calculated the flaw in anis eiemenﬁ ;
1ndependent of the flow in that element; it xs as if 3 had
close@ the chanael., Wy assumption is that &hzs ia a complate?
onen ehannei between the two, 1n fact open to the extenz that
I don”t ‘even take credit for a resxstance to fl@w from thxq
xeqzen to thls region,

MR, BRIGGS: T guess we are not speaking the same
language. | :

if you did actually calculate thé raéial}fiéw;-ﬁh@n~
you calculate 2 radial pressured distributioﬁ: is tﬁat éorrect?

MR, MOORE: I assumed that whatever flow is éé~
quired out of this assembly in order to make the pressure drops
between these assemblies is the same, and it does go out.

MR, BRIGGS: I understand that. The gquestion I am
asking iz, let's say you haveia section that is & foot lomg.

Do you calculate the radial flow frem the first inch, the second
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MR, MOCRE: I calculate it for this tatal'volume, no
ﬁatéer how many increments I split the ccxe.ué into., |

MR, BRIGES: I am talking about the €irst length in
the core. Iet’s say that’s a foot long. -

; MR, MOORE: Yes.

MR, BRIGGS: Now, I am ésking do you break that up
further and calculate the amount that flows radially in the
first inch and the amount that flows radialily in the second
inch, and the third inch?

MR, MOORE: No.

MR, BRIGGS: You don’t do that?

MR, MOORE: KO,

MR, BRIGGS: Iet°'s assume that the radial flow is

ten per cent of the flow that goes into the bottom of that

element. So then you weuld have the Flow ééin§ into the bottom

of the element ten per cent larger than the £low doing out the

top of that one-foot section: is thet right?

ﬁR. MCOORE: wNo. The flow in heﬁe is tﬁe same as the
flow in here.

MR, BRIGGS: Iet’'s také that central high power
element, 1Iet's assume, now, that as you make your caleulstion,

that the amount that flows rzadially is tem per cent of the.

, flow in. 7hen you end with a flow out of that section being

ten per cent less than the flow in: is that right?
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MR, MOORE: That's right.

MR, BRIGGS: So that you do actually have a differencé
in flow from the inlet to the outlet of that section: is that '
right?

MR. MOORE: Yes.

MR. BRIGGS: okay.

MR. ROISMAN: 1t ask you along the liﬁé'éhat Dr; s?iégs
was talking. Aas ﬁhe flow? comes up threpgﬁ th@é;éﬁanngl and--
and this section is divided into three of youi_éééieﬁé, réﬁgﬁlyv
and vou figure the fldw in this area comes inf»iét“s use a
ﬂigure so we will have some idea. It comes i;'ét“teﬂ:and gets
out 2t nine. When you avre computing heat tranvfer in- the
region, do you assume that it is the ten or th@,nlne for this
whole region in determining how much water is_?é@ually there?

in other vords I thinke<but I'm notTQSEngﬂio commit
myself on it.--that an integral equation would be able to tell
you at every instantaneous point along ﬁhe llne here how much
of the ten was gone as you were going from ten to nine, and
the total amounﬁ a£~watei available at this pcint. Do you do
that or do you cnly givide this, if itiis Eﬁéﬁty, into t@énty
segments and the segment is assumed to have the ten as flow
for its entire length, and then jump to nine for the next one?
T don't know if that's ¢lear.

MR, MOORE: The calculation of the flow, the flow

calculation that we did showed that under less of coolant
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conditions, the flow at ﬁhe hot spot, at the hot spot~-and I
am prcobably, if z fecallg taiking sbout zn average of thé
regicn, The fluw at the hot spst was reduced bf ten plus per
cent in the thermal hydraulic caiculati6n¢ So in ecaleuleting
the--now I am at the temperatuve ealeulation, which needs a 
fi&w inpué with respect to heat transfeyx agsumphbions. I
arbitrarily assumed it was now down by twenty per cent. The
two calculations are not done at the Same time.

MR, ROISHAW: I undevrstand that. If this ias the rod
on which the hezt calculation is to be done, and iﬁhhas here
in tﬁé center a sﬁﬁk where the power densify is §i3 VQr§'¢io$e
to 17.4 kw per foot, and it in furn is diﬁi&e&;”@glaﬁsﬁéé; i;t&
somathing fike thr@@'regiens'far pufpeses of ftiring aué the
flow of liguid around thére, and I say %o yori, ﬁéw mueﬁ'water
is right there a2t a point one-third of the way @p in the
middie ofthis entire region, thisz cm@-s@ventﬁ %#éiam éiviﬁéﬁ‘by
power density only, can y@ﬁ tell me what is there or can you
only tell me how much entered that little ared and how much ilefd
that little area?

MR, MOORG: I €an tell you the £léw rate at that poind

was the average between the two. vYou are talking about flow

MR, ROISMBN: I am talking about how much water was
there, We talked about water in and water out.

MR, MOORE: plow rate we are talking about, pounds
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p@rASecond going in and pounds per second going out, ;If it
steady state, then pounds per second--if it is steady state,
pounds per second going in, and this is the hotter reﬁicn,':
there is slightly less coming out. vou ean fﬁgure out them
at any given instant time. ?%ere is only a cert2in amount of
water in there which is based on the ﬁansmty of the water in
the volure of zhe region. 'i ” -

MR, ROISHAN: m your acmputat Lon - of w%at th@ ﬁemyara
ture would be at the hottest spot and ﬁhe ha&t@sﬁ raé in the
worst less of coolant aceident, do ez break it dcmn inte a . |
poxnt by point analysis of the amounﬁ af water anilable a+ a
given point fox purposes of &etermlnlng heat transferv |

MR, HOORE: Ro. FOX puarposes cf heat traﬂsxer, we
look at the t@mp@ratureu wWhat iu xmporhant 1¢ th@ t@mperature
of the water in this region fmm which the ela@ding ia con-
ducting heat. ghat is the t,mp@rature for whleﬂ tha claddln@
is conﬂuctimg heat., The am@unt of wateyr there is no% xmpcrtant
Ik is onlj 1mp@r?anc in terms of the temperature of the wat@r,
ag ﬁhe wateyr. goes throwh the ecore.

in less of coolamt aecxdent, the maxn coneézn is
tmrnlng the t@mp@rature around during the reficod part of the
transient, in which case theré is ne water in this particuiar
elevation until the entrained stesm and water that hit the
bottom of the core reaches this het spot.

MR, ROISHAN: We started off talking abeut a certain

i
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amount of water that is down here and coming up throuch tﬁe
core, We were discussing the fact that radial flow, a2s &

result of the fact that at the hotterspots it is going to push

mﬁch water comes through here and how much of it is going to
gé~ar6unaﬁ vou divided it up in order to make that computa-

tiomn into twenty, we assumed, subjéect to your eorféetibn“asAtc'

I believe that you said in fzgurinq uu* the x number |

ef;regipn?a you figured the flow in and theng assummag the
p?éssuxe ié equal, you figured the flow out baseﬁ upon-haw
puch water do ¥ have ¢o lose in order to gat khe Flow ont to
have egqual pressure a2t the b@glﬂh&ﬂg and ﬁbe em&

what ¥ am asking is, alonq that ilctie seetvon éf
X, that ?&itle piece that you lonk at, do you know ﬁt each
gawen paimt what the flow is? T shouldn't say do wuu &naw
ﬁo you use it in the computation of how much fiﬁw there is
for purposes,@f determining, eventually, the temperatuve o£ the
watey and temperature of the rod?

MR, MOORE: Faé tﬁe caiculation of=-na, I dom't go .
through a point-by-point calculatimn of fl@w in aatermxning the

temperatuze of the rod with %he TOCTA cade.
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MR, ROISMAN: Do you for some other codes? You
mention LOCTA. Is there another code?

MR, MOORE: The confusion here 1s, I did a
detailed thermodynamic analysis with the THINC Code to
gee whether or not I could get large flow redistributioms.
éo my assumptions of average flow in the core would be
correct, The detailed thermodynamic calculﬂéiéﬂ said}l
might have ten percent-plus flow redistrihutién, SO;I am
not going through a detailed thermodynamic ééi&ﬁlatibﬁ here,
Because I am not, in order to be propefly conéervativeg |
I arbitrarily assume that the flows that I db célcﬁiéte -
And they are calculated through the SATAN Code, whiéh is
calculating flows for the average assembl?‘of'?he coﬁea
I properly reduce that flow in a conservative Qay to make
éure that I am not going to underpredict a peak temperature.
That's the confusion., There are two differcnt codes. One
was a benchmark to tell me what to use on the other.

MR. ROISMAN: You say that you reduce it by
twenty percent. If you reduced it by 20,01 percent what
would the peak clad temperature be then in your calculation?
Hould it be over 2300 &egrees Fahrenheit?

MR, MOORE: TriviailyD yeS,: i

MR, ROISMAN: It would be?

MR. MOORE: Yes.

MR, ROISMAN: Can you tell me how you determine
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that this twenty percent only was the appropriate margiﬁ
of safety?

MR, MOORE: I did the detailed thermodynamic
calculation and saw that the real number was more like
ten percent. 50 I used twenty percent.

MR, ROISMAN: Why didn’t you use eighteen percent
or twenty=-two percent? That is what I am tr?ing to-finﬁ_outu
Twenty came out right on the nose. Did you know in éd&ance
that it wbuld‘be 2300 degrees Fahrenheit if joﬁ:ﬁSe&F‘%
twenty péﬁcént? |

MR, MOORE: Yes,

MR, R@IﬁMAN:. I other words, it was just a very
lucky break for this appiicant énd westinghbﬁée that the.
twenty pe?cent %igure that you picked showed ex&ctl? '
2300vdegreeé Fahrenheit as the peak temperature, and that
ybug in figuring how much margin over iénGSEQQZperééni
you should use, if you picked twenty-one peréent9 Wé woﬁld
be having.some other kind of Hearing altogether?

MR, MOORE: WNo. Look onr the margins of'ﬁauy of

the inputs that have been described in the calculation.

That”s'jﬁst oﬁe of them, |
' MR. ROISMAN: I understand,
MR, MOORE: Take any given ~-
MR, ROISMAN: How did vou figure to do it at

twenty? Why didn't you set it at fifteem or eighteen?
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MR. MOORE: My judgment of twenty was an adequate

number representing the maximum possible flow redistribution.

CHAIRMAN JENSCH: 1Is this a convenient place
to interrupt your examination?

MR. ROISMAN: Yes. 1°'d like to coﬁe back to it,
g CHAIRMAN JENSCH: At this time 1et4us‘recess and
feconvene in this room at one o'clock.

(The luncheon recess is taken at 12:35 p.m.)
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CHAIRMAN JENSCH: Please come to order.

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

MR. ROLSMAN: Yes,

Mr, Moore, before the recess ﬁé»were discussing
this twenty percent conservatism figure that's used on
radial flow, and I was trying to find out what kind of

: faétors went into your determimation that that-was

;sufficiently conservative., I wondered if yoﬁ-coﬁld ﬁéil

ime what they are now and let me just see if 1 héve got my
facts straight. You did not know when‘you detétmined that
t@enty percent was conservative and conservative eanocugh
fhat if it had been twenty-one percent you would have
exceeded the 2300 degree‘Féhrenheit‘EOr fuel clad; is_
that correct?

MR, MOORE: That's correct, And perhaps I can
elaborate on that so it’s going to confuse you none,

The fact that the 2300 degrees is not a
fortuitous happenstance of ail things coming togethef and
just equaling the criteria, we actually set thé‘méximum
peak kilowatts per foot for this plant on the basis of
maintaining the 2300 degrees Fahrenheit. In other words,

we did the calculation with all these assumptions and then
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determined the maximum allowable kilowatt per foot to
maintain 2300 degrees.

MR. ROISMAN: Now getting to the twenty percent
figure itself --

MR, MOORE: That is as I indicated earlier just
5 judgment factor that we have applied on the basis of
éhe calculations of possible flow redistribution under

these conditions and we have taken, in our opinion9 a
reasonable consexvative factor above that. .

MR, ROISMAN: Now the ten-plus figufe is a figure,
that comwes from experiments which in turn verified the
THINC Code, or does it come from the THINC Code itself?

MR, MOORE: From the THINC Code itself.

MR, ROISMAN: And the THINC Code came up with'
ten plus what? What was the percentéges do you know?

MR. MOORE: I am not sure if it was ten to fifteen
or less than fifteen.

MR, ROISMAN: Now do you know of any experiments
which would have warranted thinking that it would have
been eighteen,or nineteeh? '

MR, MOORE: No.

MR, ROISMAN: Did you know of any exzperiments
that would have warranted thinking that it would have been
sixteen or seventeen?

MR. MOORE: No.
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MR. ROISMAN: Did you do some sort of a scopiﬁg
analysis to figure out that twenty percent was the worst
possible case?

MR. MOORE: Only insofar as the.analysis which
gave us the ten percent value was in our opinion a
conservative analysis, which would give us a large flow
diétributiona

MR, ROISMAN: But in other words, there wefe‘
no specific tests, experiments. that you“relied upon in

determining the twenty percent had the apprbbriate margin

. of corservatism in it?

MR. MDORE: Only those that we had to verifj
the adequacy or accuracy of thevTHINC analﬁsisa

MR. ROISMAN: The THINC analysis didn't come
up with the twenty percent, It came up With a 1eséer
figure, is that right? | |

MR. MOORE: That’s correct. What was your
original question?

MR, ROISMAN: My original question was what
experiments do you rely upon in saying that the increment

over what the THINC Code predicted was an appropriately

conservative increment?

MR, MOORE: And again my response is that the
THINC Code for this analysis overpredicts the flow

redistribution., So I don't expect the flow redistribution

’
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1 to be more than what the THINC Code would calculate,

2 Therefore in assuming twenty percent I have additional

3 b conservatismo

& ; MR. ROISMAN: Why did you do that?

5 ; MR. MOORE: Why?

6 . MR, ROISMAN: Yes,

7 . MR, MOORE: 1It's just our judgment as to what

8 the appropriate assumptions should be for the'énélysiso

9 ' MR. ROISMAN: But I mea@'for every single figure
10 tﬁat adds into the analysis of the emergency core cooling.
1 system performance did you in every single case add the

42 same margin of conservatism as you added to this figuré

13 on radial flow? | |

4 MR, MOCRE: No.,

15 ’ MR, ROISMAN: Well then, there must haVEjbeen;

16 some factors to determine what the margin of conservatism
17 was that was warranted, and I was asking why did you add it

'8 at all? Why didn't you just go with the THINC Code figure?

19 MR, MOORE: Primariiy because I did not --

20 We did not want to have to be dependent on a very detailed
219 calculation and wanted to assure ourselves that there is
22 no question as to the margin @e had for this part{culat |
23 Parameter,'

24 MR, ROISMAN: Well, is there some measure of

25 imprecieness in the THINC Code that this was designed to
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compensate for?

MR, MOORE: No,

MR, ROISMAN: It's in your opinion a very
precise accurate measurement?

MR, MOORE: I said before the THINC Code will
overpredict flow redistribution.

MR, ROISMAN: So it's precise or better for your

purposes.

MR, MOORE: Yes,

MR, ROISMAN: Then why did you go even further,

. 1f there is already conservatism built into the THINC Code

~ that gives you a margin over what the "realistic" figure

would be? Why did you add any additioﬁal mafgin? What
was &our notive im doing that?

MR, MOORE: Just arbitrary a&ditional consexrvatism
which we assigned to that particular parametefg

MR, ROISMAN: Are all your conservative figures
equally arbitrary?

MR. MOORE: No.

MR. ROISMAN: Why don't we take the arbitrary

twenty-£five percent figure?

MR, MOORE: Because in my judgment twenty is fine.
MR. ROISMAN: But what enters into your judgment?
You said it was arbitrary, which is an antithesis of

judgment in my mind. Twenty-five is an arbitrary figure
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too and I just picked it, I don't have any judgment about
thétp What entered into your judgment that twenty percent
was the right figure?

MR, MOORE: Just the several facts that come
%nto this. I want to be assured that there is no questioh
in someone’s mind about the fact that the number is, the
twenty percent, that the number will not be higher than
that., That's my first consideration.

I have based -- |

MR, ROISMAN; Can I stop‘youi Can we talk about )
eéch écﬁsideration rathe?”thén have you list them all, or
would you rather list éhgé all and then go back and talk
about it?

MR, MOORE: 1I°'d rather give you the general
discussion,

MR. ROISMAN: Okay.

MR, MOORE: We have a specific calculation
which indicates the number is closer to téﬁ percent, I
choosenot to perform this specific calculation ad nauseam,
so 1 take a conservative low number to apply to the overall
analysis. |

MR. ROISMAN: What does that mean?

MR, MOORE: That means if I use the output of
the THINC Code directly then I must in going through all

the assumptions for the THINC Code, then I have to be sure
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that I have covered the proper conditions and assess each
independent variable in the analysis. So I took the
approach of calculating it under what we considered worst
case conditions and applying an extra margin on top of
that, to be sure that there was no additional concern.
I wouldn’t give the difference any more credence than that.
MRO ROISMAN: Well, what was it in the TﬁINC
Code analysis, to the extent that you used it to come up
with your ten-plus figure, that the margin of conservatism

was designed to correct, if you will, or compensate for,

, or leave you without having to do the specific calcﬁlatiom

- ad nauseam, as I think you said?

MR, MOORE: As far as the calculation, the
specific calculation was concerned, we feel we havg the
upperbound and that we did not have to apply any additional
margin, |

MR, ROISMAN: If you feel that you didn't have

to9 who made you do it?

MR, MOORE: We voluntar11y did it.
MR. TROSTEN' Mr, Roisman3 excuse me.

We have dlscussed thls in the past and I hope

that you are not resumlng the line of inquiry w1th Mr Mbore

that you took with Mr., Wiesemann earlier in the hearing

about this basic question ofg‘you know, how conservative

is conservatism. I assume that you are not trying to do that.
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MR. ROISMAN: My rvecollectiom was that ME. Wiesemann
was at least prepared o identify some factors that entered
into the judgment, and 'the. impression that I got from mr.
Wiesemann's testimeny was that factors make up what constitutes
conservatism. 7This witness says, as I understand it, that the
THINC code is good or better than could be expected. That is,
it already overpredicts. put he added 4same‘thing: else in there
first, because he didn't want anybody to raise any questioas,
that didn’t werk., 7T am raising questions., 8o it didn't ful-».
£ill the first purpose. o - 3 _4 /

The second was that he dldn"'t want to keoep domg
spéezfm caleulations ad nauseum. ghat's the one T dcm 't undey-
stand. I am not at that 1ssue,, but obvmusly that issue under-
lies virtualliy every bit of cross-examinatmn we do.

MR TROSTEN: Sure. I am 8ot quarreﬁ.:mg w:.th your
questioning. 7T am just trying to figure omt where you are
gomg so I can know whether ¥ should form an chjection to it.
That's all, |

CHEAIRMAN JENSCH: Let the cross-examination proceed,
gﬁle‘asew _

MR. ROISMAN: I am qéing towvard faéo 4 .

The specific ealculatx.on that you sa:-.d you have to
do ad nauseum, what did that mean? 7o make the THINC code
applicable to the mdian point 2 reactor, would you have to

recalculate in some way, do the caleulations again for each
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spot in the core or each point cm the rod or scmething like
that that you didn’t do?

MR, MOORE: ves. If I used the exact amalysis and |
exaet THINC cofe analysis for each calculation, that's correct.
, MR, ROISMAN: pid you not use the exact THINC code

agalysis for each calculation?

m; MOCRE: I used an upper boﬁn& calculation of

m; ROISMAN e Why wasn't just doing the upper bouﬁdﬁ
sﬁf@fieienﬁ:?l | o ,

MR, MOORE: I felt it was not.

MR. ROISMAN: What made you feel that iway? :

MR. MOORE: Just an additional econservatism. Tt does
ns%---i"«’: was not based on any specific concerh with the initial
THINC caleculation,

MR, ROISMAN: Well, here is my problém thﬁt ées in,
I assume that when vou get the 2200-&@@?@@ E‘ahrenheig: figuré |
for the cladding temperature that at some p?.ace aioﬁq the line
you added 2 smple mathematzcal addition, X + ¥, and it’ s
well-aestabh.shed that we wouldn"t have any argument abcmt the
fact that if just assummg that 'the numbers were 2100 degrees
and 200 degrees, you'd add them i:ogether ana come up wu:h
2300 degrees, you do not, in that case, as an additional margin

of conservatism add another twenty-five degrees. You don't

just say, “Well, you can never tell when you add 2100 and 200
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together that it's always going to come up 2300. So let'’s
put an additioral margin of twenty-five degrees,”

In short, there are éertain things, as ¥ understand
:i.t", that are sufficiently well-established that it would be
absurd to say that you were adding any margin of conservatism.

Naw the THINC code came up with the caleulation whiéh
you based spon a “dpper bound” and you say i'«f_ 'éireaay_h_ad :m it
a tremendous amount of comservatism., There mu’s;"-é havé ;b;eexgx,, I
*&:hmk,, some reaseom why you went ahead and a&ded.an additional
Ir:g:'im Of conservatism, and what I'm trying to ask you to do is
just very framkly to tell us what is it about the THINC code
ﬁ:at isn't as good as 2300 plus 200 cguals é306?

MR.: MORE: Nothing. If I calculate the flow re-
distribution it is tem to fifteen per cént in the THINC code,
and I want to make sure under all comditioms that I don't have
any problem with flow redistribution., I don’t pick 17,18,

21, 23, I pick 20, 1 think 25 is excessive, I tbink 20 is
reasonable and that is my judgment and that' is the judgment of
my people. |

MR, ROISMANS But you said all conditions. BAre there
sone conditions that the 'mmc code doesn“t analy?e’o'

MR, MOORE: wWome that T am aware of.

m. ROISMAN: Are there some that you are able to
imagine?

MR, MOORE: None that I was able to imagime.
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MR, ROISMAN: %hen how did you know that the twenty
per cent covered all the conditioms? ‘

MR, MOGRE: I don't, but I kmow of nome for which it
doesn 't cover,

MR, ROISMAN: Do you know any that nineteen per céﬁt
do%sn“t cover ?

MR, MOCRE: Abs olutely | nene .

MR. ROISMAN: As Groucho PRYX ﬁséd ‘il:é?‘“éjaly,, '“";éﬁis‘is
ydur last chance ﬁo beat the other couple.” @'&e you got ;ny

further rational explanation as to why if twenty per cent is |

the figure which you have used, that that has the appfopriate

margin of comservatism? wow is the time to say it. otherwise--

MR, TROSTEN: rorever after hold your peace.

MR, ROISMAN: That's it, fovever after hold youi'
peace, right. |

MR, MOORE: I have nothing else to adé.,

ﬁm; ROISMAN: dkay. I answers to guestions which
we submitted to the Applicant cn the 16th of septem'go@r dealing
'afith the Eixérgency Core Cooling System and the énswérs wexre

provided and seyxved on the parties and the Board on the 12th
as gection C questions, a designation of the original letter

1°d 1ike to direct y&ur attention to that.




J3«Bm=~1

to

© 13

12
33
14
15
16
17
18
19
20
21
22
23
24

28

2850 @@ '

MR. ROISMAN: Just for the record.it's in
answer to question C.3 and I will read the question so that
you can give it some thought, |
"In what manner was the SATAN 5 Code compared
to the semi-scale tests A 4.5-A 5.1 and what differences
én results as to any reported phenomena occurred in those

tests than what was predicted by the SATAN 5 Code?”

MR, TROSTEN: Would you wait just a minute, please,

MR, ROISMAN: Yes.

MR, MOORE: I am sorry. Which question was it
again now?

MR, ROISMAN: C.3.

MR, MOORE: Yes, I have it.

MR. ROISMAW: Would you mind just reading over
quickly the answer there,

MR. MOORE: Yes.

MR. R@ISMANﬁ Now directing your attention to
the second sentence it says, "The comparisoﬁ of the test
results, meaning the test results from semi-scale test 848
and the SATAN Code comparison of the test results with
regard:to the SATAN Code,ca@éulations_indicates gocd
agreement betwecen the measured and calcﬁléted éreésure
and flow transients.®

Can you tell me what the agreement was between

the measured caleculated pressure and flow transients?

’




J3-Bm-2 _ 2851 1

L MR, MOORE: As I recall the pressure transients

‘ 2 | were within 100 psi and better than that over much of the
3 transient. The flow comparisons, I don't recall the number

o 4 || offhand. We will have to get the number.
5 MR, ROISMAN: 1Is it reasonably handy or not?
6 MR. MOORE: One minute please. Apparently not

7 reasonably handy.

8 I think I have it. The flows over most of the
9 transient look like they were within three or four péréentw
10 There was one point in the tramsient where they were about

11 fifteen, twenty percent apart, it looks like.

}
¥
|
]

12 MR, ROISMAN: Can you tell me what pressures

‘ 13 were being measured, what flow transients were being
14 measured?
5 MR, MOORE: These were pressures at &arious
16 || points around the system that we were comparing.
17 MR, ROISMAN: Do you mean during blowdown, after
18 blowdown? -
19 o MR, MOORE: . During, yes, This is a function of

20 time., During blowdown.

21 MR. ROISMAN: Okay. -

22 ~ MR, MOORE: And also flow rates were measured at
‘ 23 the various points in the semi-scale compared to what the
. 24 code predicted at that point.

25 MR, ROISMAN: Were the flow transients the same
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kind of flow things that we were discussing this morning,
that is flow through the core?

MR, MOORE: Yes. Some of the flows represented
flow through the core.

MR, ROISMAN: Can you tell me.in what portion
éf the flow transients the difference was something like
fifteen to tweﬁty percent?

MR, MOORE: Pardon? _ |

. MR, ROISMAN: Which portion of the méasﬁmement
of fiqw-transiehts9 in other words which particular flow
éﬁaﬁéients éid the data code predict a difference from the
Semiwécaie 848 of from fifty to 100 percent? |

MR, MOORE: Station 35 in the Loft Teétsg aﬁd
1°d have to go back to the -~ If you have the semi-scale
report you can find Station 35.

I do have it. 1It's Station 35.

MR. ROISMAN: Is the prediction of the SATAN Code
more conservative than the observed or does the observed
present a worse condition than the SATAN condition om these
flow transients?

MR, MD@RE: I can't tell until I know where the
station SPecificaliy is;.: | |

MR, ROISMAN: I take it that the answer éo this
question wasn't actually written by you?

MR, MOORE: No, it was writtem by me based on
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looking at and analyzing the comparisons between the
measurements and the tést,

MR. ROISMAN: You just don't remember now what
Station 35 was?

MR, MOORE: That's right.

MR. ROISMAN: Oh,

In your opinion is goo& agreement something that
you feel means a certain percentage difference between
the predicted and the observed results?

MR, MOORE: Not necessarily. An impbrtani

* cbnéi&eration is that one is able to get the béehavior of

 the pressure and flow together throughout the course of

éhe transient. That means you get the right general
characteristics of the blowdowxi9 shape of thé curvés and
so forth, Determining a specific required accﬁrac? is
really difficult to do.

MR. ROISMAN: By the way, is the SATAN Code that
the test was run with, was the SATAN 57

MR, MOORE: Yes.

MR. ROISMAN: The code is designed to simulate

the event and as I understand it, that portion of the loss

of coolant accident is scheduled to the bldeéwn’portion

that's being simulated and figures and predictions that
are based upon the code to determine how the emergency

core cooling system is going to operate. From time to time
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you run or someone else runs and you have a chance to
compare an experiment that’s designed to prove out the
code, either an experiment like semi»écale, which was
designed to prove out its ability to predict, or an
experiment that tries to directly represent what has
happened in the ~- What will happen in this reactor,

And then you get a double thing. You cannot only check

the predictions of the code, but actually find out or get
an idea of what ig going to happen in this reactor if

the event occmfso . | , ,

I am trying to find out since it's the codes
that we see usually when you run these tests what is the
requirement that you put in for the measure that the code
must correspond with the prediction? Does it have to
have a certain pexrcentage of accuracy?

MR, MOORE: You don't really assign a speéific
percentage of accuracy. What you look_at is to be sure
there are no anomalous effects between the code and the
sbecific experimemt@ For example, if the code said the
pressurevwent up and the experiment said the pressure went
down, at a given point in'tiheg and therelwaé no explénation
as to why the abrupt change in direction of pressure, there
would be cause for the code and you would try to determine
that. If both the pressures go down at the same time and

one happens to be different than the other by a certain
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amount, that in itself is not a critical situation., Y¥You
have to look at other variables, too, You look at flows
for the same kind o£ a judgment. It is a total transient
that is of interest énd its effects on the result, not
whether the specific pressure at any given time is exactly
identical between the code and the experiﬁentg |

MR. ROISMAN: Do I understand that the‘code?s_
function is not to exactly predict what willnhappen?

MR, MOCORE: In the test?

MR, ROISMAN: In this reactor if the accident

! pceurs,

MR, MOORE: The code's intenfion ié'nbt tg
exactly predict im this particular case, that's right.

MR, ROISMAN: It is your feeling that it is
to always overpredict; is that correct?

MR, MOORE: That is the intént, yes.,

MR. ROISMAN: Would a single data point where it
underpredicted be a flaw in the code that wouid réduiré a
correction? Would that be the kind of thing that would
cause a modification in the code?

MR. MOORE: WNot necessarily, but that's the kind
of thing you look at to see if there is an&thing different
with that specific test.

MR, ROISMAN: 1In comparing the SATAN Code to the

result in the semi-~gcale test 848, it says, in a
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further portion of this answer, "The results of the
SATAN Code calculations confirm the test results that
indicate that the water injected in the lower plenum was
discharged and none of the accumulator water was stored
in the lower plenum of the vessel.®
i Do I understamd that to say that SATAN 5 Code
had always predicted that the écc&mulatbf water would be
lost during the course of blowdown in a reaciar such as
the semi-scale reactor? |

MR. MOORE: No.

MR. ROISMAN: Could you explain to me --

Was this a modified SATAN Code that wés theﬁ épp1ieé after
the fact to what happened in.the semi-scale to see if iz,
in its new form, would accurately predict what happened?

MR. NOORE: No.

MR, ROISMAN: Will ﬁou explain it, please.

MR, MOORE: Yes.

MR. ROISMAN: Please.

MR, MOORE: The reference here is to a prediction
of what would happen in semi-gcale. It was using the semi-
scéie gebmetriésv not the éébmetries of a reactor system.
So the semi-scale geometry was such that the injected waﬁer
was injected into the lower plenum, and the lower plenum
was very, very much smaller than the lower plenum in the

reactor. So the code would put the water into the lower
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?l'enum9 but at the same time there is calculated steaﬁ
flow rever sed through the core which swept this water
right out. The code predicted this. It is merely because
of a specific geo@etry on semi= scale test, and we would
have expected. The code said that this water was in fact
swept out.,

This is not the situation in a réactqr“

MR, ROISMAN: That was the first q’@estim I asked.

Had the SATAN code always, if you héd coﬁéééed iélto

the semi»s@éle 848 test,had the SATAN Code in:its form 5,

before 848 was ever run, had it had within it the

- capability to predict that the semi-scale réaCtargthe

one that was actually used, had water injected during
blowdown, that the water W@uld be lost?

MR, MOORE: Let me be sure I understand the
question, The SATAN 5, the ca&e you use, in its form was
used to check the semi-scale test and it predicts that the
wvater was lost in semi-scale? |

MR, ROISMAN: Not based upon any rmodifigation,

based on the SATAN Code after the interim policy statement

or anything like that.

MR, MOORE: No, no modifications were required.
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MR. ROISMAN: mR4 you ever had the occasion *i:o run
the station ccde and make a prediction as to what would happen
in semi-scale test before the test was actwally run?

MR. MOORE: No,.not im the case of the test with
ECCS injection. Im fact, I don’t think we, during the time,
had pre-predicted any semi-scale tests., We had been com-
paringf'.results of various semi-scale tests ,as,the_y came out
with the station code, : |

MR. ROISMAN: So Westinghouse was not at all sur-
priée@ to find out that all the accumulator water was lost
gwing blowdovm of the semi-scale tests?

HR. MOORE: well, we were surprised--when the test
résmlts came ocut, then we logked into what the. test situation
was with BCCS., how they had simulated ECCS. men we reviewed
the manney in which the ECCS was imjected with tﬁ:e geonmetry,
it was not a smrﬁrisew But that was after the fact.

MR, ROISHAN:: &ay; T understand that.

ﬁ other words, you jwt hadn't dome any — you
hadn 't predicted it in advance?

MR, MOORE: I hadn't gone into detail at the time.

MR, ROISMAN: Iet nﬁe direct yéur atféi;tion to
guestiocn C.5. cén you just quickly look over the guestion
and the aaswer?

MR, MOORE: Yes.

MR, ROISMAN: @In the answer you make the statement,
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»ypen the completion of the blowdawn part of the transient, the

amount of water that was imjected by the accumnulators during
the blowvdown tramsient is totaled and subtracted from the
bottom plenum and downwater inventory."

. ¥ think when I read that answer I had gotten the

impress ion that there was some water left in the bottom plenum

foilm@ing blowdown., I thought this morning you had testified

4

that there was not,

Am T misreading the sentence?
_ | MR. MOORE: No. That's 2 general é%aﬁ:ement as ﬁ:o‘ ,
how we ha&ndied the injection of accumulated waﬁeﬁ At the
end of blowdown we determiped tﬁne amount of 'wai;.@r remaining

in the system. We subtract the amount of water that'’s coming
in from the accwmulators. I said the fesult for mdian point
ileaves us with essentially an emptyvessel. |

MR‘ ROISMAN: You camé up with a2 minus figure?

MR. MOGRE: We never get a minus figuve,  Wou throw
ail the water away or--that's it.

MR. ROISMAN: I am just trying to understand the
cmaputatiem |

| MR, MG@E% Yeéo | |

MR. ROISMAN: you had 40,000 gallons of water that

was the inventory in the bottom plenum in the downcomer., The

amouht from the accumulateors was 41,000, Therefore, zero.

vou keep using the water essentially. It has me puzzled.
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MR, MOORE: Tt is a few cubic feet out of a.thousand
downecmer volume.

MR, ROISMAN: I just want to know whether essentially
zero is different from zero.

MR. MOORE: NO. One or two cubic feet, as I remember},
out of a thousand,

. MR. ROISHAN: But in any event, as you testified
earlier, no credit is taken for amy heat tramsfer as avéésuit ,
of the fiashing of those few cubic feet of watéf?

ﬁ@e MOORE ¢ imaiﬂs right, no credit,"

; MR. ROISMAN: During the bicwdﬁwnpyfs the main factor
which produces stesm forces that might be eépeéte& to keep the
accumulator water out of the eore, out of.thé Vesselpiare those
the forces associated with the initial presé&re that was in
the system at 2250 psi?

MR, MOORE: No. The forces assumed to act on the
accumulator water to prevent it from coming in is éﬁe steam—-
water flowing through the coreAin the reverse direcﬁion into
the lower plenum and up the downcomer annulﬁs, The accumulator,
water comes in the cold leg ﬁdzéles into the downcomer apnulus.
Now there is steam flowing in the annuluslénd outnfhe bfe#km

| It is postulated that the accumulator wétér spilling
into the downeomer could be eantrained by the .steam flowing up
the downcomer and carried ocut the break rather than falling

down and accumulating in the bottom of the vessel.
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MR, ROISMAN: Thus, at the end of blow downcomer is .
it assumed that the dc&ncomer is empty?

MR, MOORE: ves,

MR, ROISHAN: So we are starting at the end of the
blowdown, wWith the water at the edge of the downeomer for the
first time that pressure now is sufficiently low that the watey
can start to fall down: is thag ée@xeet?

H MR. MOORE: The flows are lew, yes.

MR, ROISMAN: When the new watew comes into the cdﬁe,
into the bottom of the vessel and refilis and tﬁen ieflbdds,/
;here is a new steam genmeration that begins: ié thaé comreet2

MR, MOORE: ves.

MR, ROISIAN: what is it that prevemts that steam
pressure from continuing to push in the dowhcomer aireetion
and retard or prevent new wateg from coming i@ once you get
some water coming dowm and the steam starts t¢o generate again?

MR, MOORE: BecauSe the prefer2ble relieving path
for that steam is thz@u§h the écre_iato the hot leg and back
around and out the break.

MR. ROISMAN: And that path didn’t exist before
because the hot legs had the water im them that would be in
there during normal operationé?

MR. MOORE: o. I don't understand. It didn't exist

when ?

MR, ROISMAN: Well, the steam didn’t take that
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preferable route during the time during blowdowan., It took a

different route.

MR. MOGORE: Because during blowdown we are bilowing

downr the water that existed im the systen.
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MR, ROISMAN: It is because the water is no longer
in those hot loops that the preferential direction can now
go out there; is that correct?

MR, MOORE: Yes.

MR. ROISMAN: You will have to help me conceptuélize

us which side of the generator we are on; is that right?
MR, MOORE: Yes, | |
MR. ROISMAN: And the accumulator is om each one-
of the four sides of the loops? c ,
MR, MOORE: Yes., .

:MRQ ROISMAN: When the accumulator water comes
ouf:9 what prevents it from going towaid the generator
ihstead of toward the reactor? |

MR, MOORE: Well, thé pressure -- The aécumulators
are injecting in the lines -- Let me think., The éccumulator
water, as it enters the pipe, tends to go the other way,

is impeded by the reactor coolant pumps and will flow

MR;=ROISMAN: Thosg coolant pumps are Lbcated
between the geﬂérator and the accumulator?

MR, MOORE: Yes.

MR. ROISMAN: That is their inlet to the pipe is
between the accumulator and the generator; is that right?

MR, MOORE: The accumulator is on the aischarge
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side.

MR, ROISMAN: And the pump is between the
generator and the accumulator?

MR. MOORE: That's righto

MR, ROISMAN: When do those pumps go on? Will
you refresh my memory.on that?

MR. MCORE: These are the reactor caolant pumps
that are running during normal operatidﬁ and now assume |
to be coasting d@wnf

MR, ROISMAN: So that the pressure from them is

. 8lowly going down during the blowdown?

MR, MOORE: Yes.

MR, ROISMAN: At what point is the pressure from |

them going to get to essentially zero?

MR, MOORE: There is still spinuing at the time I

~am injecting the accumulator water. When the total system

pressure == The difference in pressure arduné‘the system
is very small because I have completed blowdown. So
they are still spinming. |
MR. ROISMAN: Is there water céﬂing in frdm them?
MR, M@ORE: Not from the sunction side, no.
MR, ROISMAN: I am trying to picture it. I have
almost a cartoon in my head hexre of wéter leaving the
accumulator and coming to the pipe. It now has two ways

to go: I am trying to understand what'’s pushing it toward

©

4
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the reactor vessel which is hot., Why doesn’t it go toward
the generator which is presumably cooler?

MR, MOORE: There really isn't any real
@ifference in temperature or pressure at this point in time.

MR, ROISMAN: The temperature in the whole system
%s the same as the temperature in the reactor vessel?

MR. MOORE: The temperature of the ﬁetals'the
walls, which was a function of the initial temperature
of the primary s?stems which is essentially the same 21l
thxoughouf the system., | . | _

MR, ROISMAN: The ra&iétion.éf Heat.from the
reactor rods is not moving down the line at all?

MR. MOORE: Wo,

MR, ROISMAN: It is still right at the rod?

MR. MOCRE: Yes., The vesae14 wall doesn't see
that kind of heat, no.

MR, ROISMAN: What is happening io it?

MR, MOORE: To what?

MR, ROISMAN: To the heat that's being --

MR, MOORE: It is heating up the rods. That's
what's happening to it.

MR. ROISMAN: And not going away at that time?

MR. MOORE: No. It is adiabatic heat-up.

MR, ROISMAN: That'’s what I wanted to know,

That's the adiabatic heat-up?
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MR, MOORE: VYes.

MR, ROISMAN: TIf it weren't adiabatic and the
heat instead were being takem away by air, now that the
steam and water have gone, would there be a tendency
for that air to keep the accumulator water from coming
toward the core, and would there be some of the accumulator
water post-blowdown, moving away from the core and out the
breaks? In other words, not getting atﬁt@é_ébwncomeru

MR, MOORE: No. The direction of any steam

genération == Well, there isn't any air in the system,

,Any steam generation is from the core to the hot leg into

‘the cold leg and back into the annulus, which is the

direction the accumulator flow is going. It is the same
directionc

MR. ROISMAN: 1Isn’t that based upon the fact that
the accumulator water is pushing from one endé In other
words, doesn’t the direction that you predicﬁ that the
steam or hot air or whatever it is moves 6ut 65 thé core
following the blowdown depends upon the assumption that
thére7iS‘accumulator water in the cold leg moving toward
the vessel? 1Isn't it that that makes that direction a
ﬁonepreferential direction for the steam?

MR, MOORE: It is just the fact that any
accumulator water getting into‘the downcomer is acting to

push any steam in the core back out the system, to the cold
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leg and out the break,
MR. ROISMAN: Let's gé back to the pump again.

The pump is still spinning. You said that pressure coming

from that pump tends to get the accumulator water moving

toward the vessel instead of away from it?

j MR. MOORE: Not the pressure. The fact that the
rotor is spinning and tends to splash the water and force
it toward the core. B
| _MRQ.EKﬂSEMN§: Do you predict the coast-down time
Oﬁ that?

'ﬂRQ MOORE: Yes.
MR;'ROESMAN: What is it, roughly? |
MR, MOORE: Oh, it is, I guess, éé least forty,
fifty seconds. It got inmertia that is added to the pump
in the form of a flywheel. So zero fly, I would guess is
forty, fifty seconds,
MR. ROISMAN: 1Is there any way in which you
could run in the opposite direction?
MR. MOORE: No.
: Mko ROISMAN: That's a design feature on it?
MR. MOORE: Yes. - - |
MR, ROISMAN: It can only go in the direction
Of ==

MOORE: That'’s correct,

B

B

ROISMAN: Once the blowdown period is over and




K4 ~Wm=2

10

31

12

13

14

15

ie

17

i8

19

20

21

22

23

24

25

28368 b

the accumulator water enters the downcomer, is there any
resistance at all tﬁat is assumed, 6r is the water entering
the downcomer and the lower plenum and moving up toward
the core at the rate at which it is leaving the accumulator,
subtracting friction?

MR, MOORE: That's right. It is the rate at which
it leaves the accumulator. It is filling now the downcomer,

MR, ROISMAN: Im other words; there is no_étéam
at all that is assumed to come in the direction of the
downcomer? I un&érsto@d you to say the:préféféﬁﬁiailfbuté
. is the route outf%hé oéhér way. There is no back pﬁéssure,
whatever the proper term is? |

‘ﬁRG MOORE: That'’s right, there is none.

MR, ROISMAN: That is the way the code anélyzes it?

MR. MOORE: fhat“s right. |

MR, ROISMAN: 1Is there experimental data tﬁat
demonstrates that the steam never pushes back?

MR. MOORE: What steam are we talking about?

MR. ROISMAN: The second steam, the post-blowdown
steam tﬁat‘is generated in thé refill and reflood period.

MR, MOORE: There isn't any significant steam
éenerated during pustublowd@wﬁ until we reach the bottom
of the‘careo Once we reach the bottom of the core, that
steam that is generated by hitfing the core must be

relieved through the system and out through the break.
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g MR. ROISMAN: And it doesn't in any way put
2 any pressure against the incoming water?
3 MR, MOORE: Of course, it does, but the driving
4 function to push this steam out the system iz the height
8 of water in the downcomer, |
6 f MR, ROISMAN: That's what I thought. That is
7 éhat I didn’t understand; In other words, there is a
3 . pressure and a counterpressure. The steam, if it had
? iﬁ‘:svcﬁoice9 would like to go the downcomer route as well
10 as the other routes, and it is the water pressure in the ;
11 downcomer that keeps it from coming in that direction;
52 ié that correer?’ ~’
13 MR, MOORE: That's right. Steam will go ihe
14 path of least resistance., The &riving head is in the
15 downcomer itself, |
16 MR. ROISMAN: 1Is the driving head calculated at
17 all times to be higher than steam pressure during the
18 pos t-blowdown period?
19 " o MR, MOORE: The flow of steam out of the system
20 that islgeneréting the core, by abiiity to get into the core,
21 is fixed by the downcomer. That is what is driving the
22 steam out. If I were to gederate more steaﬁ than that,
23 then the pressure drop would increase and the pressure
24 acting on the downcomer would tend to push the downcomer
28 back up. So, in fact, vou don't generate that much steam,
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g You only generate és much steam as the neight of the |
‘ 2 downcomer cam push through the system. That determines the
3 flooding rate.
4 MR, ROISMAN: In computing the blowdown period,
s || do you consider that the conmservative direction is to
8 assume that the blowdown occurs as quickly as possibie?
7 If you were just playing with the time of blowdown and you
8 wanted to make it more comservative than it is mow, would
9 you make the blowdown occur more quickly?
10 ' MR, MOORE: Yes.
v ) | MR. ROISMAN: And therefore, the é‘bﬁiéérva;tive
12 'éssumpﬁ:ions that are built into the whole variety of
'3 factors that go into determining how soon blowdown will
14 occur are all directed towerd making the blowdown oceur
i5 more rapidly; is that correct?
6 MR, MOORE: Yes, we want to magimize flow from
17 the system to magximize blowdown.,
18
19
20
21
22
23
24
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MR, ROISMAN: 7Is it thirteen seconds?

MR, MOCRE: I think it is about fifteen or sixteen
seconds ’in this case.

MR, ROISMAN: Do T understand that -unde:;r the design
criteria for ECCS, the amount of accumulator water thet is
assumed to be lost is the amount that is injected dur ing blow-
down, whatever that amount is, that you simply take your cale
culation as to whemn the accumulator water begins, ocne blcwdewn
is over, and figure out what &h@ pressure is of the acezmm'ﬂatar
water cehing our and sub&:raci; the approprmte ammmt @f water
qn your case, I think tventy-six per cent was the figure. I
ﬁave seen that figure,

| MR, MOORE: It is about that. Tha-i:°s right, yes.

m., ROTISIAN: If blowdown were longex, wouid more
accunulator water be lost?

MR, MOORE: ves.

MR, ROISMBN: If you lost an additional, say, twenty
per cent of the accumulator water for pﬁrpasés of calculating
the cold leg double-ended pipe break, how would that affect
the peak ciaédiaﬁg temperature?

MR. MOORE: I have a case where I have a longer blow-
dowm and I have lost more accumulator water.

MR, ROISMAN: gJust for the moment let’s hold aside
the time of the bilowdewyn. Assume the blowdown is as long as

you have predicted it here, but for some other reason now the
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accumulator water is reduced by an additicmal twenty per cent.

MR, MOORE: what's strictly a postulation, right?

MR, ROISMAN: ¥es.

MR, MOORE: It wasn't involved with tiwe of blowdown,
was it? |
MR; ROISMAN: No. I am just asking if there wexe
a twenty per cent reduction in the ampunt of accouwnmulated water,
what would its effect be om the peak clad temperature? |

MR, MOORE: I dom‘t have a guantitative nuEber foi'
that. |

MR, ROISIAN: I understand.

MR, MOORE: what is does is delay the time at which
you reach the bottom of the core and start to reflocd., So
:é:%ﬁ extends the periocd of time under adiabatie' heat-up. S0
tﬁe temperature inereases at a rate of, let's say, thirty
degrees a second. SO the temperature rise you get és a
function of ¢time, the delay in time to start to reflood.

| MR, ROISMAN: I take it, since you asked me earl_iem
if we extend the blowdown pericd, that won't necessarily be
the case? I take it the wéy we get a loss of additiomal
twenty per cent of accumulator water 19 tﬁe'blc}tﬁdm period
is extended longer. Wouid yom; aﬁ‘swex"- s?:iil be tha‘a.:. thé
effect wd&zl@ éﬂways be lay the temperature of the fuel rods.
the peak tempeiatm'@? ‘ |

MR; MOCRE: No, that wouldn't be the answexr now
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because there is a compensating effect of the longer build-up

| period. y

MR, ROISMAN: vwhat is that compensating effect of
the longer build-up?

MR. MOORE: vou cam get an indication of that by
locking at the result in T@ble 1 in the deséription of the ioss
of coolant Analysis‘f@w mdian point &here ﬁhé»éhaw the effect
of a douvble-onded break, eight-tenths times the double~ended
break, vhich is a smaller hole and 2 lomger blcwaawn@ The
peak temperature occcurs for the largest break, the fastest
@iﬁw&cwno ! :
° HR. ROISMAN: As T understand it, th@ée anaiyées
involve the assumption--I should say, they demonstrate how
tempéiature is affected by the length of the blqwdown time
assuming the same-~that the flow from tﬁe stéem is liﬁited
by the size of the break, and all other thiﬁ§§ éfe equal.,
Then it does not assume that you begin with a deuble-snded
pipe dbreak with the largest pipe, and then three-guarters of
the way through the blowdown scmething happens to limit the
amount of water that goes out that dovble-ended pipe. You
ﬁave no analysis of éﬁat situation?
| MR. MOORE: That’s right.

MR. ROISHAN: At least not inm Tsble 1?
MR. MOGRE: That's correct.

MR. ROISMAN: Assuming now if something happened
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nine seconds intb the blovdown, ten seconds into the blowdown,
vhich had been for those nine or ten or seconds moved %t the
rate of a double-ended cold leg pipe break, and now for the
tenth second it starts to blow down at the rate of .5 foot
pipe break, and the stretch the blowdown time as a result
of these slower blowdowns in the latter stage of the blowdown,
would it still be the case that the rods WOulé héé heat to a
higher clad temperature?

MR, HOCRE: I really can‘t say. I have to go
through a detailed calculation on the heat transfer effects -

dur ing blowdown .
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MR. ROISMAN: But 21l I am saying is tﬁat it is
possible that at someplace along the line of the double-
endéd pipe break, that the flow from the break, if it
were altered to slow it down, would result in more
accumulator discharge, using the criteria now? Because
%hey say you assume that whatever accumulator water is
ejécted during blowdown is lost énd it might or might not
have the compensating effect that you spoke of, namely
that the water remains in the core for a longer period
6f time, Is thét true, that'it’s possible that such an
event would produce higher peak clad ﬁg;pefatures?'

| MR, MOORE: In theory. |

MR. ROISMAN: And you haven'’t done an analysis
in which you have postulated such an event?

MR. MOORE: No, because thefé isn't any physical
mechanism for such, |

MR, ROISMAN: Let mémenti@ns and I am not trying
to raise this up to the probable stage, okéyg but if the
pipe that broke, the double-ended pipe that broke, the
other end is assumed to have severed off completely, if
the forces during bl@wdowng,eﬁe of the pieces of that ﬁipe
that broke was higher than the other, it now falls and
blocks so that the two pipes tend to overlap a little
bit and we don’t have at the latter end of the blowdown

the double-ended severance, wouldn't that be a situation
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which, if it happened, which the rate of blowdown would
now be slow, and it's physically possible in a sense that
that is a way in which it could be slowed? I°’m not asking
you to say it is physically possible for the two pipes
to fall back together again or in any sense fall back

together,

MR. MOORE: That's a condition that would change

the flow, I agree, but in that case if that is the
postulated mechanism I would expect that to occur very

early in blowdown. I think it's pretty clear we'd be

. better off if the blowdown loads occur early, the higﬁeSt

1@éds occur early in the transients, if that happene& early
I think we'd definitely be better off,
MR, ROISMAN: The earlier in the blowdown

period that the slowdown occurs, the better it is in terms

of what the ultimate cladding temperature will be. The

Eatef in the blowdown period that it occurs, the worse
it will be,

MR. MOORE: That's right.,

Now we are again back using the arbitrary

postulation of the interim criteria as well., We can't

'lose sight of that; We are not talking physically now .

We are talking of the model which throws accumulator water.
MR. ROISMAN: That’s right. I wasn’t tryimg to

get away from that.
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Is the rate of blowdown predicted using the
Moody calculation?

MR, MCOORE: Yes. In the saturated phase, yes,

Saturated blowdown,

MR, ROISMAN: Mr. Chairman, I have no further
@uestions at this time that don°t imvolve opening up
extended areas, but there are a couple of things. .

I have a note here from Mr, Ford that would be
relevant to how we schedule the hearings next week, As
you know, one of his reasons for mot being here today was
to take an opportunity to study the pfbprietary décumeﬂts
vhich we recelved the day before yesterday on the rod
performance. And he has sent me 2 note saying that based
upon his amalysis of those documents it ap@eaﬁs clear that
we will have to get into an extensive discussion of the
proprietary material. And it's my understanding that in
that circumstance the Applicant will want it to be done in
an in camera proceeding. And we respect the Applicant's
request with regard to that.

Mr. Ford has suggested that we schedule it on
Monday and has asked me to ask the Applicant in addition
to being prepared for a full discussion of those documents
to please provide, bring with them, copies of all the
regression analysis data on the fuel rod.failure tests.

I hope nobody asks me what that means.

o
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MR, TROSTEN: Mr. Chairman, Mr. Roisman’s
announcement on the record of this of course is the first
understanding that the Applicant has that such an in camera
session will be required., I don't know any more than
Mr, Roisman does, I guess, what is involved.

MR. ROLSMAN: No.

MR, TROSTEN: I would like to suggest that there
be, that it is satisfactory to the Board that there be a
brief recess in which I can discuss this with Mr., Roisman
and discuss it with the witnesses from Westinghouse and
| EXy to figure out what has happened.

CHAIRMAN JENSCH: Let us take a fifteen minute
recess. Then we will spend fifteen minutes more with a
recess agaiﬁ at 2:30.

MR, TROSTEN: Thank you.

CHAIRMAN JEWSCH: At this time let us recess to
reconvene in this room at 2:20.

(& brief recess is taken.)

CHAIRMAK JENSCH: Please come to order.

" Have we some further report on the release of

these documents?
' MR, TROSTEN: Yes, Mr., Chairman,

We are prepared for am in camera session for
the discussion of the documents which we understand to

be the following documents: WCAP 7495 L, Volume 1 and
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Volume II which are the multi-rod burst tests and WCAP

7379 L, Volume I, which is the single rod burst test volume.
And we are prepared for an in camera session on those

volumes.,
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CEAIRMAN JEWSCH: Very well, x hoﬁe that the
parties will bring with them some briefing of caseé I am sure
are developing imn the several jurisdictiomns abou& the exact
scope and breadth of propriectary information amd the neces-
sity of the classification and the maintenance of that |
céassification vhich may or may not be affected by dissemima-
tion of the same information or publication of the same items
and the different autherships. - I think that precbably has
arisen in several situations where it may have been discovered
tﬁaﬁ mny of these things were dealt with in other areas and,
the claim of proprietorship may have been an attempt to maybe
weilize data that others had im faect developed., I don’t know
what the situation is here but I think there is a growing case

law about this type of thing and we’d be glad to have the

reference to the authors om Monday.

MR, ROISMAN: Mr. Chairman, will this be all right.
if it’s oxal at this time as oppozed to a written brief?

YR, CEATRMAN: ¢h, yes, Ay preéemtation to indi-
cate to us thag--

MR, TROSTEN: x. Chairman, do I understand that
you are reguesting that a pﬁesentation--that we bé prepared
with respect to guestions that may arise on that subject or
that you are asking that a presentation be made on the subject]

CEAIRIAN JENSCH: I understand there is a claim |

being made that that certain data are of a propriétary nature,

W
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MR, TROSTEN: Yes, sir. These are wWestinghouse's

designated proprietary reports.

CEAIRIAN JENSCH: we’d like to have that claim shown

to be substantiated by case law as well as any other conten-
tion you have im that regard.

R, TROSTEN: I comnection with the discussion on
the record at the hearing on Nonday.

CEAIRMAN JENSCH: Yes.

MR. TROSTEN: T understand it.

CEATRMAN JENSCH: ¢h, yes.
b MR, TROSTEN: ALl right, mx. @haiman.‘.
B CEAIRMAN JENSCH: I think the proprietary law has
&@V@i@m@ a grevwing bedy of law im s@véz'al :z@sgieets about
disclosure of material. |

MR, TROSTEW: I°d like to just note for the record,
r. chairmamn, that the intervenor has these documents. wWe
have made these deocuments available to the Intervenors.,

pr. Chairman, may ¥ ask this? 1 have been dis-

cussing with ir. Rolsman the possibility, since we are going

- to be having ar in camers session with reference ¢o the

proprietary information, that we wmight be able to schedule an
in camera session on plant security at¢ the same time. Would
you give econsideration to that as a possibility?

CHA IRIAY JEVSCH: Whatever is convenient to the

parties and the Board except that all the parties will have to
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be considered.

MR, KARFRAN: This may very well affect when we have
our witness up here, Mr. Trosten., At the moment we were
planning to have Mr. Thcmpson come up oa Friday.

FR, TROSTEN: I am SOoryy. EIcuse me, Mr. rarman,

2 had forgotten that point.

CHAIRIMAN JENSCH: We will shift to wha{tever is

- eenvenient to the parties,

I there anything further we can comsider at this
time befere we recess, ' ,

MR, ROISMAN: I just want to make sure the staff
has copies of the three proprietary decuments also.,

CERIRIAN JENSCH: ©f course, there is a possibility,
I would imagine, that even if the material is shown to be
propr ietary we might have an in camera session with reference
%o the discussion of the proprietary infoermation. T thinlk
that that was dome. I am tryimg to recall whether Applicant's
counsel was a participant with a former staff counsel when
it came up.

MR, TROSTEN:- I am aware of the case, Mr. chairman.

CHA IRIMAL JE@S@H? And ¥ think the staff made the
contention there that the data sought to be preserved as
proprictary had beem published im every techmical journal
that hag been issved im the last two or three years, We will

be glad to proceed with the matter at a later time.
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Is there anything further we can consider at this

time?

MR, TROSTEN: Yes, Mr. ¢chairmam. I have one
announcement which Mr. Bruce [@Prtin, who is the counsel for
the wew york State Atomic Energy Council, asked me to pass on
to you, sig'o

Mr. 3rtin is 11l amd he is unable to attend the

session today because he is 11l. #e asked me to tell that te

YO,

CEA YRMAN JENSCH: We regret hearing that he is ill

but we will let his presentatiom await arrangements among the
parties here.

MR, TROSTEN: The other poimé that ¥ wish to mention
is ¢that I have discussed the matter of the New vork state
presentation further with representatives of the state of
New york and if Friday is satisfactery with Mr. Roisman this
would be satisfactory, I am advised, by wew 'Smrk state.,

MR. ROISMAN: That’s fine, ir. Chairman. We would
be prepared. | |

MR, FARVAN: It's fime with us, Mr. Cheirman,

MR. ROISIAW: To deal with it Friday of next week.

CEATRIAN JEWSCEH: We will plam it that way.

cne other item, the board wasn't clear as to what
the parties had fully determimed in referemce to the schedule

for the following week, and I take it that the subject matter,
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T believe its enumeration in the proposed agemda was such
that we had better meet on Monday and probably utilize the

entire of that third week to contimue the session, is that

correct?

MR, TROSTEN: We certainly anticipate meeting Monday
qé this coming week and utilizing the entire week and Ehen
moving iato the eﬁvir@mmentél hearing one woulé hobe, M.
chairman, in the third week. |

CEATRIBN JENSCH: Starting on omday of the third
waek? |

MR TROSTEN: ves, sir, starting on the Monday of
the third week.

CEA IRVAN JENSCH: very well, ‘Just so we can be
sure about it. Very WQIIO;-

18 there anything at this time. If mot, let ues
recess and recenvene in this room om Monday, wovember Sth
at 9:00 aoﬁg

(Beraring recesséd.)
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