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MORNING SESSION
CHAZIRMAN JENSCH: Please come to order. This public

hearing is convened after being adjarned last night ian this
room.

We will recess to reconvene the public hearing at
9:15. Having recessed the public hearing, we will convene
an in camera session of this proceeding. All the members of
the public are excluded from the hearing. None is present in
the rcon now.

‘It is the understanding of the Board that ten or
fifteen minutes will permit 2 presentation of those data,

which can be done in the in camera session. We will ask

- Applicant to assign one of his capable assistants to man the

doors. So that at 9:15 we will reconvene the public hearing.

(In camera session follows.)
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CHAIRMAN JENSCH: Please come to order. This is
the public hearing. %e are now reconvening at 9:15. We are
ready to proczed with the presentation of evidence in open

public hearing. All parties are represented and their

‘witnesses are present. Mr. Moore is resuming the stand.

Mr. Moore is on the stand. Are vyou ready tc proceed,
Intervenor's intsrrogator?

MR, FORD: Yes, sir,

CHAIRMAN JENSCH: Will you procesed,

MR. FORD: The first set of questions that I have -

this morning concern the FLECHT tests and the methods used

there to calculate the heat transfer coefficisnts and the

methods used there to obtain the data that's used in the heat
conduction eéuatibnsu

Is it coxrect; Mr. Moore, that the temperature of
the coolant is a necessary pafameter in the heat conduction
equations used to calculate heat transfer coefficients from

FLECHT data?

MR, MOORE: MNo. Not the way the data was correlated.

MR. FORD: No. My question is whether the delta T,
the difference between an assumed cbolant temperature and the
ciadding temperature, whether that's a main part of the
equation used, the heat conduction equationlused to calculate
the heat transfer coefficient?

MR. MOORE: VYes.
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MR. FORD: Right. Now, is it correct that several
different methods were used to measure local coclant tempera-
ture in the FLECHT tests?

MR, MOORE: Yes.

MR, FbRD: Does the following list of methods
include éll the methbds used in FLECHT tests to measure local
éoalant temper;tures, One, bare thermal couples. Two, & stean

probe consisting of a thermal couple in a guide tube surrounded

used in Group 2 blockage ktests.

MR. MOORE: Yes, I believe so.

MR. Fbkﬁ: Ys it correct that attempts at measuring
local coolant temperatures prior to quench using the bare
thermal couples were "unsuccessful" due to the influence of
radiation on thermal couple response? My reference here is
WCAP-7544, page 4-4A,

MR. MOORE: Yes,

MR. FORD: TIs it correct that the original steam
probe, the first sﬁeaﬁ probe defined, No. 2 in my previous
list, offered iittle improvement over the barelthermal couple?
My réference here is WCAPn?GGS, page 3-113.

- MR. MOORE: Yes.

MR. FORD: &and I believe we discussed the third kind

of steam probe yesterday. My question then is, is the reason

that you used an assumed saturation temperature in calculating
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the heat transfer coefficients rather than iocal fluid temp-
erature the fact that you were unable to obtain through the
several different methecds accurate local coolant temperature
measurements?

MR. MOORE: The redesigned steam probes seemed to

give generally reliable and consistent values, but in order
to reliably determine a heat transfer coefficient which coald
be used in the design calculations, the added complication
of a detailed following of the temperature of the coolant did
not seem to be in order from the stanﬁpbint of coming up with
a more reliable approach, consistent approach.

MR. FORD: Right. In addition to the possibly
greater reliability of the improved steam probe is a further
reason for not being able to rely on that the fact that that
was only used in the minority of the FLECHT tests?

MR, MOORE: That was also a consideration,; ves.

MR. FORD: I’a like to explore withiou, if I may,
the consequences of sensitivity of the heat transfer calecu”

lations to the use of a single saturation temperature cver

-all axial lewels rather than the use of local coolant

measures for all axial levels.

In our discussion at the calculation of the heat
transfer heét coefficient, just so we don't get our signs
confused, when I refer to delta T I am referring to the

temperature of the cladding minus the temperature of the
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coolant.

Now, can you tell me cladding temperature, as I
understand, is one of the pieces of raw data that was put into
the heat conduction equations té get heat transfer co-
efficients, the'cladding temperature is the temperature on the
inside of the cladding, is that correct? |

MR. MOORE: Is that the coolant stream you have going
up?

MR. FORD: This is fuel rod 1 and this is fuel rod
2, and this is the coolant.

MR. MOORE: No, that's not correct. The temperature

thickness which represents the cladding?

MR. FORD: Right.

MR. MOORE: Yes, right.

MR. FORD: $So the temperature is on the inside wall
of the cladding?

MR. MOORE: Correct.

MR. FORD: Now, you use the known tranzfer, heat
transfer properties of the cladding to compute an outside
cladding temperature, is that correct?

MR. MOORE: Yes,
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MR, FORD: And since you know what the power
distribution of the xod is, you know the local heat genera-
tion. In terxrms of accurately predicting the temperature out-
side of the cladding, there is no major uncertainty that
enters there; is that correct?

MR. MOORE: Yes.

MR. FORD: One thing I am puzzled about is what you
consider to be the temperature of the coclant. I know you
assume a single temperature, Lef us look at the situation
itself before we explore the assumption that you make about -
it. The coolant channel has a certain size. It is filled
wiﬁh coolant of some density. If I stuck a thermometer into
the middle of it, I might measure one temperature. If I
stuck a thermometer closér to the claddiné, T nmight measure a
diffeﬁent temperature. As I got closger to the cladding I
would be measuring another temperature.

From a theoretical point of view --

CHAIRMAN JENSCH: Does Mr. Moore agree with that?‘

MR. MOORE: That is a possibiligy depending on the
coolant conditions.

CHAIRMAN JENSCH: Thank you.

MR. FORD: vFrom a theoretical point of view, which
of these possibly different cooling temperatures shOuldn't
we include in the Delta T or as the T sub-coolant in Delta T?

MR MOORE: That depends on how you are going to use
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1 the temperature of the coolant in order to get heat transfer.
2 MR. FORD: In terms of using the empirical correla-
3 tion, using the standard heat conduction equations, which of
4 the coclant temperatures would you pick? Because there is no
5 chart on the record, I should label cooclant temperature 1 as
é the coolant in the exact center éf the channel. Coolant
7 temperature 2 as the temperature of the ceoiant halfway betweern
g || the éenter of the channel and the rod of reference. Coolant
o No. 3 as the température of the coolant within an episilon
50 of the cladding.
0 To my question, then. 1In terms of the empirical
i2 ‘'way in which you are calcuiating heat transfer coefficients,
3 if you had accurate measurements of coolant temperature 1,
34 coolant temperature 2, and coolant temperature 3, which of
:5 those three coolant temperature méasurements will you use?
16 MR. MOORE: I présume you could use any one as long
' as you correlated them to a consistent set of temperatures.
18I MR. FORD: If you systematically wsed the coolant
. temperature 1,‘the tEmperéture of the coolant in the center of
20 the channel, in terms of the possible heat transfers within
21 the coolant, and in terms of the direction of those heat
22 éransférs, can you tell me what kind of over-all direction
23 the routine use of one would make in the resulting heat
24 transfér coefficients? What would be the difference in them
25 compared? Wouid it be greater or larger compared to what you

!
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get if you used coolant temperature 2 or coolant temperature
3?

MR. MOORE: 1Is coolant temperature 1 higher or
lower than coolant temperature 2?

MR. FORD: My presumption is if all of them are -
lower than -- presuming a general case in which the coolant
temperature is lower than the temperature of the cladding, I
would then further presume that temperature 1 was lower than
temperature 2, which was in turn lower than temperature 3,
but all of which were Iower than the temperature of the ‘
cladding.

MR. MOORE: All right. Then the guestion is if I
correlate my heat transfer coefficients to temperature 1 and
then Y correlate temperature 2, what would be the difference
in the correlated heat transfer ccefficient?

MR, FORD: Yes.

MR. MOORE: If temperature 1 is a lower temperature
than temperature 2, and the heat input and clad temperature
are the same in both cases, then using the lower temperature
of Tl would give me a higher Delta T and would give me a
lower correlated H for the same heat transfer.

MR. FORD: In terms of the calculations that you
actually did, yoﬁ took an axial level. You used the raw
data of power generation and conductions through the cladding

and go forth to get outside cladding temperature. Then you
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used an assumed constant value for the temperature of coolanﬁ;
is that correct?

MR, MOORE: BAs a function of pressure for any given
test, yés.

MR. FORD: You assumed that the nominal pressure of
the bundle, the specific flood test buwndle from which you are
deriving heat transfer coefficients, that is the pressuré of
reference for determining saturation temperature calculation?

MR. MOORE: No. We knew the pressure in the systen.
From that pressure we determined saturation.

MR. FORD: That is what I am saying. You used a

nominal pressure of the FLECHT bundle?

MR. MOORE: Yes.

MR. FORD: In terms of the state of the coolant at
different axial levels, as I understand the FLECHT results,
if yvou have the water level in fairiy close proximity to the
bottom of thelcore, you have the steam rising arnd it is
entrained in water droplets; is that correct?

MR. MOORE: Yes.

MR. FORD: In terms of the water droplets that will
have the density of them, that is greater for the lower axial
ievels; is that correct?

MR. MOORE: VYes.

MR. FORD: When we get up to the midplane area, to

the fine three arcas of coolant, the dense area is on the
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bottom with considerable entrained water; the arez at the
midplane, with somewhat less entrained water; then there is

the eight to ten-foot axial level that may indeed have super-

heated stean.

Am I correct that the temperature of the part of the

coolant that is most densely filled with enﬁrained droplets,
that this temperature is lower than saturation temperature
assumed at the midplane?

MR. MOORE: Yes, I suppose it is.

MR. FORD: But this varies over all the tests and -
the period and so forth?

MR. MOORE: Yes.
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MR. FORD: So the géneral relationship is, as you
say, iawer?-.

MR. MOORE: Yes.

MR. FORD: It is also the case, I prosume, that
the saturation temperature here is, of course, lower by
definition.than the temperature of the superheated steam; is

that coxrrect? |

‘MR, MOORE: Yes.

MR. FORD: Let us talk about the specific case and
let us talk about computing heat transfer coefficients for
these thﬁee axial levels. For the three-foot level, the mid-
plane, here the six-foor level and kexre the & to 10 foot lavel.

Am I carrect;iﬁ éppreciating the calculational
technique that you used, as expiéined in WCAP 7433, page 3.1,
that whea you take the.FLECHT data -- say this is FLECHET

bundle 109, which is not a FLECHT bundle. It is perfectly
hypothetical. If you took the data from this FLECHT bumdle
and it had a pressure of éO psi, then you would gd and find
the saturatiom temperaturé; Tﬁén is it correct that irrespect-
ive of whatever the loc31 éoo1i§g temperature was, you used
that saturation temperature? |

MR. MOORE: TIrrespective of the local?

MR. FORD: Yes.

MR, MOORE: Yes.

MR. FORD: So the over-all e¢ffect here then is that
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assuming the midplane, the local coolant is indeed at satura-

" tion temperature. Is it corxrect to say that the over-all

effect of your’heat transfer calculation, and in thie specific
assumption, siagle local coolant temperature, is to under-
estimate the heat transfer at higher axial levels, and over-
estimate the axial levels, and presumably hit it on the nose
at the midpiame?

MR, MOORE: Are we still speaking of the FLECHT testé

MR. FORD: VYes, and the emplrical derivation you
make of heat transfer coefficients?

MR. MOORE: The FLECHT test, we have the heat
transfer at any given indication. That is onz of the inputs.

MR. FORD: You calculated the heat flux. I aw
talking about the heat transfer cbefficient.

MR, MOORE: The coefficient itself.
MR. FORD: Yes. |

MR. MDORE: Let 's go back to the éuestion. When
you said heat transfer, I wasn't sure you didan’t mean the
smount of heat transfeéo

MR, FORD: WNo.
MR. MOORE: Let's go back.
MR, FORD: 1 =ight explain that the reasor I am
t alking in terms of your eguasion only in terms of Délﬁa T is
that the only thing iz lineax as the ready simplification of

the equasion. Since the heat fiux and cladding temperature

b
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and all of this are just fized for am axial level, the only
thing you ere talking about varyving 1s the Delta T, am I
corract?

CHAIRMAN JENSCH: There are two questions pending.
He has interjected, let us go back to the question. T wonder
1 £ vou would go back to the @mesti@n that vou overestimated
in the uppér level and underestimaited im the lower level, ox
v ice versa.

MR. FORD: The problem, Mr. Chairman, is a definition
of te#ms, We got slightly on the wropg wave lemgth asz to what
Fe were taliking about. |

CHATRMAN JENSCH: Withdraw the first questim and ask
a second ome. |

MR. FORD: We are specifically talking about heat
transfer coefficients. Am I corvect, first of all, that in
terms of the basic equasion that is used here, just comsidering
the transfer in the radial directlon, disregarding properly
the axial comductor, and iﬁ'terms of the simple equasion that
describes the heat transfer, thet once you are gilven the power
generation zate and inside cladding temperature, that every-
;hidg =lse in the equasiom is fixed except the Delta T?

MR, MOORE: Yes. Proceed.

MR. FORD; My question iss when you assume, in
computing Delta T, you assume fhat the temperature of the

caolanﬁ is comstent, and that it is indeed the temperature at
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course, in situations when there 15 really superheat and when
there is really much cocler coolant. My questibn is, is it
correct thét when you £ix the temperature of the coolant at
Saturation temperature, that this resulis in, A, ar under-
%stim&te of the heat transfer coefficients at higher axi31 

levels, and, B, an overestimate of heat transfer at the lower

axial level?
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MR, MOORE: That's an overstatement. I agree with
the divection you have, umdevestimate and overestimate, with
respect to a heat iransfer coefficient which is predicted on
the basis of the actwrl temperatures, ves,

KR. FORD: VYes. So that now specifically here I
wender if you vecall our &iscussion of the cther day of the
compay ison between the empiric&l method of calctilating heat
transfer coefficients and the more detailed thérmoﬁynamic‘modei
that the Idaho Muclear was taikiné about, considering ia your
calculations in Qetail thg térmal qonéitioas of the coéiant in
its equilibrium and non-equilibrium states and so forth.

New in terms @f‘téat discussion is it cleéar that the
differences between the two methods, the wore complicated
coupled thermdhydraulic model proposed and discussed by Idaho
Nuclear and the emperical correlation also discussed by them,
is it cleay that the actwal differences between these two models
are precisely the divection of misestimetion, if vou will, of
underestimating the heét txgnafer at higher axial levels and
overestimating it at lower axial levels?

MR, MOORE: No. »ﬁé axe.back'to terms again, Under-
estimating a specific heat éﬁénsfex coefficient., The héat
traﬁsﬁerﬂ the way the empirical corrvelaticn iz used, is egual
to that cbserved in the tests.

MR, FORD: Bnt am I corvect that when you take this

FLECHT test date you wont to now go and analyze say Indian
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Point 2 and you wanted a heat ¢ransfer coefficient, that you
would take not--you wouldn'’t evem take the heat tyansfor coe
efficient you caleulated here at the high axial level on the
basis of an a2ssumed coefficient., Vou wouldn't even take that
ore. That what you would take is simply the heat transfor
coefficisnt that you calculated for the midpiane and apply that
in your analysis of Indian Point 2 in the computer code to
all axial levels?

MR, MOR®: VYes. That's an approximation, becamée
the differences aven't %igmificant'with respect to what we
are caleulating, |

MR, FORD: In terms of your ability to judge what
the differences ave between the two methods of calculation,
am I corvect that in order %o make s firm quantatitative
judgment that simply what you have to do is compute the heat
transfer ﬁoeffiéien%s in your own way, then compute it in a
way'which varies the 16&31.e@oiant temperature with local
eoolant temperature 2nd compare the two vesults? Is that the
correct methodology for determining the difference your way of
calculating it and the scmewhat more detailed way of cal-
culating it?

MR, MOORE: No.

MR, FORD: No. Well, you can answer the direct and
general guestion @bout the differenees in vour method of

caloulation versus the wmore detailed method of treating the
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coolant, <Can you shew me how you dan aaswer this gquestion

referring to the fact that the ealcoulations come out the same?

MR, MOORE: Ves., I didn't say the calculatiocns
come out the same., We got 6nto the question of what would be
the effect instead of the simplification that's made in ocur
analysis of assuming the heat transfer coefficient that exists
at the hot spot exists over the whole rod., The way to deter-
mine the sensitivity to that ﬁeat transfer is to use the heat
transfer cbtained frem FLECAT; transfor coefficients abteined
frem PLECET at the different elev&tioas; and apply them ine
stead of using the hot spot heat transfer ccefficient over the
whole red. fThen we have appii%é it in a2 consistent manner and
naﬁ determine what the effeét on the témp@zature ig.

MR, FORD: ¥ don't guite follow what the differeﬁt
way of applyinq it is that you aré»taiking about .

ﬁéo MOORE: Vou uﬁéerstand that the caliculation,
when we ¢alk about the hot spot, ﬁhich the temperature of
interest, we waﬁt to know what the temperature of the cladding
is at the hot spot and we want & good calculation of the heat
that is vemoved from the ¢ladding.

The heat that is rémaved is a heat transfer coefficie
times a Delta . Now this I would call a reference Delta T
because we have assumed the satuzaﬁion temperatuare of the

coclant in determining this Delta T. Now at the hot spot we
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take that FLECHT data, which is derived the same way with this

reference Delta T and then we get a consistent heat.txansfez
coefficient for that reference Delta P, S0 we get the corvect
heat relesse at the hdt spot.

vour guestion was when we do the analysis of the
whole channel we put a simplification in that the heat
transfexr coefficient, the h that we use at this lacation, was
@@&&1 to the h we used here at the hot spot.

Now in order ‘o guantify the imporiance of that you
cean take the FLECHT test now for this location and take its
hoat transfer eoeffiaienf from FLECHT test now for this loca-
tion and take its heat transfer coefficient from TLECHT which
Setermined from this =zame reference:temperature approach, and
caloulate the heat released at this elevation from the FLECHT
results rather than the h that is derived from the heat re-
ieased at this elovation and then calculate the effect on the
pealk temperature or the temperature at this eievation.

MR, PORD: But you are still not able to, when you
loock to PLECHT data, to actuzlly take & heat transfer co-

efficient that is defined by the coolant temperature of

veference for this axial level, You are still using a tempera

ture of reference for the hot spot, is that correct?
MR, MOORE: No, no. We have a temperature at this
elevation.

MR, FORD: Yes., You have thetemperature of the
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cladding. By temperature of reference I mean the thing that
we have been talking about fqr the last half hour, the
tenperature of the cosvlant,

Am I correct that there is me use that you csn make
of FLECHT heat transfer coefficients because of the way they
are caleoulated, assuming the sacuratian tenperature of the
coolant, that you can nake no reference, no use of that data,
without carrying along implieit in the coefficient vou are
using the fact thet it was calculated at a non-roca coolant

cendition?
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MR, MOORE: No. The key point is I have done it
in a consistent way. I have put a certain flcoding rate into
a certain bundle and I am trying to calculate the heat
transfer along this bundle. I have chosen to use an arhi-
trary coolant temperature in both tases; in both cases, the
FLECT and the reactor calculation, so I am on a consistent
bagsis. and so whatever the temperature here is in the FLECHT
bundle, that's the sane temperature in the resctor for the

Same power and flooding rate.

S50 therefore the fact that I have assumed some otheyr
temperature really isn’s important. The important thing is
I ﬁave simulated the conditions along the channel in the
FLECHT test.

MR. PORD: But I am not trying to ask you or

challenge your consistency, Indeed, it's the 'consistenc
y

o]

itself. It's realism that I am wondering about. So that a:
I understand you what your defense of the heat transfer
calculation is is that from a mathematical point of view the
eguations and ccefficients and so forth are consistent, they
are defined in a consistent coolant temperature of reference.
Is that the prime reason for believing that even when you
use this coefficient at different axial levels from a
mathematical point of view you are still consistent in all of

thisg?

MR, MOORE: And from a physical point of view we are
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consistent, in that the temperatures at this elevation for
the FLECHT test and for the reactor are the same.

MR. FORD: WNow, in the FLECHT test at which
negative heat transfer coefficients or reverse heat transfer
was observed can you teil me in the réactor, in ﬁhe actual .
reactor or in your computer analygis of it, if you are using
the midplane heat transfer coefficients which were negative
how do you ever simulate the actual reverse heat transfer
that was observed in the FLECHT test in your computer
analysis of say Indian Point 27

MR, MOORE: We don’t. But thenyou asked how could
I determine what that effect was and I said ¥ would use the
heat transfer coefficient at that locatien, which wouid show
this reverse heat transfer.

MR. FORD: I see. Lei me go into some other
questions that I have prepared on the whole reverse heat
transfer problem and see whether at the end of those questiong
we might be able to come back hera and assess what the
degree of realism is.

Now, is it correct that the temperatﬁre of the steam
is a function of the heat transfer to the steam from the
cladding as it travels up'the channel?

MR. MOORE: .Yes.

MR. BRIGGS: Could I interrupt here just a minute.

I'd like to get something a little bit straight. You make the
g
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point that down at the bottom of the channel you have steam
with a fairly large amount of water in it. Let's say that the
steam quality is ten per cent. And up in the center of the
channel you make the point that the temperature is higher,
well, let's say first you make the point that the steam haz
less water in i, and so let's say that the guality is 60
per cent at the center of the channel.

Now, you further make the point that the temperature
of the steam is lower where the quality is ten per cent than
it is where the quality is 60 per cent. Is this right?

MR. FORD: This is a guestion that I put to My,

Moore and which he answered in the affirmative.

MR. BRIGGS: Well, he seemed to be unusually
agreeeble early this morning and I wondered if thai was S§o.

MR. FORD: I appreciate the fact, Dr,AEring, that
inanswer to a question of yours yesterday that I believe
he answered the other way around, and I am very interested in
that and I am going to pursue it,

MR. BRIGGE: Well, I'd like to get this point
straightened out. Do we all agree that there is a significant
difference in temperature of the steamlwhere the quality is
éen per cent and where it’'s 60 per cent?

MR. MOORE: Heavens, no!

MR. BRIGGS: Well, does the Intervenor suggest that

there is a significant difference, an appreciable difference

3215




DBEmd

19

il

t2

13

14

8

16

37

8

1o

20

21

22

‘talking about the coolant being homogeneous within this volumel

My impression of where the temperature differences come with

3216

in the temperature of the steam where the quality is ten
per cent and where it's 60 per cent?

MR. FORD: No.

MR. BRIGGS: So then we can pretty much agree where
the quality of the steam is less than one that the !
temperatures are about the same, but where the steam is super-
heated then the éemperature is higher, is that correct?

MR. FORD: Well, I think the problem here, which is
why I say no, as a direct and gener#l ahswer to the question,
is that the assumption that I make simply when we talk abéuﬁ

the quality cf the steam is that we are talking about the

coolant as I put it in a specific volume here. We are

the steam is that this assumption ofbhomogeneity in an
equilibrium is wrong and that you do get within the coolant
channel as you progress from top to bottom, you do get steam
that's increasing in temperature, but it isn’t in equilibrium
with the remainder of the coolant in the volume.

MR. BRIGGS: Well, I don't guestion that, that there
Certainly is an equilibrium that exists. The question, of
course, is how much difference in temperature exists as a
result of this, and I'd like that to be kept in mind when one
talks about how the steam temperature rises when the quality

is less than one; of course, again when the quality becomes
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MR. FORD: Yes.

MR. BRIGGS: Thank you.

3217
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MR. FORD: Im terms also of the isotherms that we
can use ~- I am simply talking here about an isotherm with
saturation temperaﬁure --» and im answering the question I was
just noting how you can have diffarenﬁ qualities across here
along the isothera.

MR. BRIGES: Yes.

MR. FORD: Now one of the corcerns that I have, I am |
trying to kold my direct answer to that somewhat in abeyance,
because in terms of the appropriate isctherms to use in

analyzing verious phencmena, especially blowdown here, I

particular shape of it.

MR. BRIGGS: We are mot talking about blowdown, are
we? ﬁe are talking about reflood.

MR. FORD: Yes. But I am just pointing out, Mr.
Briggs, that In terms of my own comsistency in the positions
that I am goimg to take I would like to be able aﬁ a different
point to say that the relevant iéoﬁherms £o bé used in blow-
down shouldn't be this kind of isotherm familiar in engineer-
ing, but it should be something?célculated using Van dex Waal’é
equasion of state.

MR, BRIGGS: That's duriﬁg blowdown.

MR, FORD: Yes. | |

MR. BRIGGS: Are we going to talk about different

isotherms for blowdown and for the reflood?
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MR. FORD:' I think it may indeed be the case, that
we should be talkihg about Van der Waal's isotherms to account
for various anamolous coolant properties. However, in te:ﬁs
of the extent to which we aré going to get into this in our
t%me I don't know. But I simply want to reserve the right at
#ome point o say that whereés in this context I am happy‘to
use a standardfisothefm,Alater on I am goilng to say that it's
this stamdard isotherm which is a big proSlem in the analysis.

MR. BRICGS: Thank you.

MR. FORD: 1If we were discussing an early purtiéni
of reflood before we actually had a lot of entraioment of
water here, when this was mostly steam at the bottom, the

water level was still low, them we could state fairly clearly,

am I correct, that then the temperature of this steam is less |

than the temperature of the steam at the midplane, which is

less than the temperature of the steam at the higher axial

level because of the heat transferred to it by the cladding.
MR, MOORE: Until ﬁe have entrainment we don’t |

really have any heat transfer at the cladding. Im fact, in

- the calculations of the reactor it's assumed t£o be zero heat

transfer, |

MR. FORD: Yés, I appreciate that. But in terms of
the fact that -- before emtrainment am I correct that there
is some steam rising in this chammel, is that correct?

MR, MOORE: No.,
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§ transient. :
2 'Mﬁ. FORD: 1In terms of the length of this point in
3 the transient I believe we noted on Monday that in tests
4 with flooding rates of less than two inches or so, the low
5 flooding rate test, that in these flooding rates am I corvect
6 Lhat this situation could persist for on the order of a
7 hundéred seconds after the beginning of reflcoding?
sl MR. MOORE: Yes.
9 ’ MR, FORD: So that throughout this period it would
1o be possible for the steam that's absorbing the heat at lower
14 ~ levels to be taking this heat and tramsferring it to the
32 higher axlal level? |
13 MR, MOORE: Yes.
14 MR, FORD: Now, the general concern that I have here), .
5 and I am going to ask my general question, is that ism't it
L possible that the mechanism of negative heat transfer
17 observed in the FLECHT tests presents ué the following in-
18 sight about the nature of heat transfer during reflood,
1% namely that 1t may be possible, because of the absorption
20 - of heat by the moving coolant, that the net effect of the
21 reflood period may be simply to move the hot séot from the
22 midplane to am area above it, which, because of its own low

‘ 23 decay heat power generation wasn't very hot in the fixst 7
24 place, but because it acts as a sink for the superheated

. 25 steam that we get an axial conductamce in a very sophisticated
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MR, FORD: There is no steam in the system at all
before there i{s actually entrainment here?

MR. MOORE: There is essentially no steam movement
within the bundle.

MR, FORD: But there is steam?

MR. MOORE: VYes.

MR. FORD: You contend its velocity is small? .

ME., MOORE: ?es;

MR, FORD: Wow if it's heated it's alsc expanding;
is it simply that expansion that counts for its small velocity’

Y MR. MOORE: WGll; I believe the test was run. We
‘come to an essentially eq i1ibrium condition with steam and
essentially no heat trangfer, then start to floed from the
bot.tom. )

MR, FORDQ | But by essentially no, you mean all
“that you are realiy deing is qualifying a magnitude of the
heat transfer at this point? |

MR. MOORE: Yes.

MR. FORD: As the steam ia the course of the flood-
ing, as the steam picks up heat, is 1t correct that as
observed in the FLECHT test when the steam that's absorbed
ﬁeat from ldwer levels gets to the higher ilevels it may be
possible that the temperature of that steam is higher than
the temperature of the cladding?

MR. MOORE: Yes. At a certain point in the
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way by means of the coolant from the lower levels to the
higher levels?

MR, TROSTEN: Mr. Chalrman, I ask the reporter to
reread that question, please.

{The peunding question is read by the reporter.)
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MR. TROSTEN: Mr. Chairman, I confess T don‘t
understand the question and don't know whether to object to
it. If Mr. Moore understands it, fine.

CHAIRMAN JENSCH: I think that's a pretty good
guide. If a technical man doesn't understand, I'm sure he
will say he deesn't understand it. If you have a legal
objection, piease state it. Proceed, please.

MR. MOORE: I understand the question. That is
precisely one of the things that was determined in the FLECHT
test. In all the cases of the FLECHT test, the peak temperéf
ture always occurred at the midplane. These temperatures
fufther up the channel were always lower than the peak, even
with the effect of~superh@ated'steam that you postulate.

| CHAIRMAN JENSCH: Then your answer to &the question
is no?

MR. MOORE: That’s right.

MR. FORD: I am talking about a kind of result of
the FLECHT test. My understanding was not anticipated beféré
the FLECHT tests were run., In this regard can you tell me
whether Westinghouse had ever performed any previous analysis
of the possibility of moving the hot spot because of this
kind of heat transfei mechanism through the coolant that
produces axial conductants of the heat?

MR. MOORE: This mechanism iz no surprise. It is

straightforward and enerqgy balance and heat transfer phenomena.
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There is nothing magic or surprising about the phenomena that
we have been discussing.

CHATRMAN JENSCH: I think the question was,have you
ever conducted experiments in that regard.

MR. MOGRE: That's fundamental heat transfer, sir.
It is straightforward.

CHAYXRMAN JENSCH: You took it from the book and let
it go at that; is that right?

MR. MOCRE: Paxdon me?

CHATIRMAN JENSCH: You took it from the book and let
it go at that; is that right?

MR. MOORE: Yes.

CHAIRMAN JENSCH: ©No experiments?

MR, FORD: In terms of the relative poﬁer distribu~-
tion of the eight to ten-foot axial levels versus the mid-
plane, we get a relétive power distribution of, I bélieve,
comething on the order of the factor of 50 per cent; is that
in terms of the mean -—- am I correct that the midplane’s
power was 1.6 versus the eight to ten-foct level that had a
power of approximately .8 of the mean. So there is a factor
of two in difference between the power?

MR. MOORE: Yes.

| MR, FORD: During the test was it the case that the
relative temperatures of the eight to ten-foot elevaﬁion and

midplane elevation were of that same proportion?
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MR. MOORE: I don't know,

MR. FORD: Isn't it indeed the case that the
propertion changed significantly; that this axial conductaﬁce
mechanism by way of the coolant was at least cbserved in the
FLECHT test to narrow the gap significantly in relative
temperatures between the so-called hot spot and the presumably
conl higher axial level?

MR. MOORE: Wo.

MR. FORD: Can you tell me the exact analysis and
cite this in the FLECHT test that you performed with the ’
question of this axial conductance in mind, %o show +hat in
terms of relative temperatures you didﬁ’t vary from the
relative temperatures you would expect simply on the basis of
power distribution?

MR. MOORE: That isn't what I said. That's a
different statement.

MR. FORD: Let me get it clear, then. My question
was whether the relative temperatures between the eight to
ten-foot level and the six-foot awial level, whether those
relative temperatures in the FLECHT test or in the transient,
whether they stayed in the same proportion, same ratio as
you wonld expect from their relative power?

MR. MOORE: Thatés a different question.

CHAIRMAN JENSCH: Whatever it be, can yoﬁ answey

ig?
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CHAIRMAN JENSCH: What have you handed the witness
now?

MR, FORD: I am handing him the Idahc Nuclear over-
view document on the FLECHT test. This ig IN-13%86, Table --

MR. TROSTEN: Mr., Chairman --

CHAIRMAN JENSCH: Let him finish,

MR. FORD:¢ II, which indicates the floﬁﬂinq rates
for all of the tests and gives all the other parawmeters that
I ésked for as well.

MR. MOORE: ©No. That table is Table 3*1.in WCAP
7665,

MR. FORD: This table here isn't giving the same
data?

MR, MOORE: No. That's proposed test saquence.

The actual test sequence is described in Tables 3-1.

MR. FORD: Excuse me. A3 this is written after
most of these tests were done?

MR. MCORE: What's the title of the table?

MR. FORD: PWR FLECHT test seguence. It says
nothing about being just a proposed seguence.

MR, MOORE: Table 2 is a listing of the actual
test sequence being followed.

MR. FORD: Yes.

MR. MOORE: I am pointing out that if you really

want to know exactly what the test conditions were, you should
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dismissal of this mechanism as a possibly significant thing.
in a loss of coolant accident?

MR, MOORE: Yes.

MR. FORD: Can you tell me how many low flooding
rate tests were there?

MR, MOORE: 23 or 24.

MR. FORD: Of the 23 or 24 tests that vou conducted
with low flooding rates, can you tell me what the varia#ion
was, the range of initial conditions apnd pressures and so
forth? | ,

MR. MOORE: These are in the report. I would have
to go ﬁack and dig them back out. All of them were donra with
the peak power, 1.24 kilowatts per fooé. What.parameters are
o specificaily interested in?

MR. FORD: I am interested in their initial
temperature, flooding rate, power density, inlet coolihg
temperature and cladding material in bundle size.

CHAIRMAN JENSCH: That seemed like a pretty long
list to me. Do you want to take a break in order to get
these data?

MR. MOORE: They are all in the report that Mr.
Ford has.

MR. FORD: My.summary of the FLECHT test series has
giveﬁ me -- I have been able to answer my cwn question. If

you will agree, we can put this in the record as the answer.
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L | MR. FORD: Whatever it was.
2 MR. MOORE: I am tryingvto make the reccord clear
3 that that®s the third question on the mme topic, and éach one
4 is different. I will answer that question.
5 MR. FORD: Fine.
6 MR. MOORE: There was an effect of the tan-fcot
7 elevation of getting a higher temperature than just from the
8 relative differences in power, because of the differences in
9 heat transfer, yes.
10 | MR. FORD: BSo that the mechanism of axial con-
13 ductance by way of the coclant that I am talking aboué, that
12 ' the FLECHT data is at least consistent with the possibility
13 that this mechanism may redistribute the relationship o
14 change the relationship bestween the hot spot and different
13+ axial levels?
H MR, MOORE: Yes, it iz a fotal integrated heat
17 transfer phénomena°
18 MR. FORD: The point I am wondering about is,
19 simply in texms of the factlthat Qe have only a certain number
20 of_teéts under a certain number of conditions, whether or not
21 we have a sufficlent basis to say that this mechanism with
22 -the responsibility of changing hot spot location relative to
23 the rest of the rod, that this mechanism really isn't
24 something that we have to worry about. Do you think that we
25 have a significant number of tests on which to base such a
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CHAIRMAN JENSCH: Let us proceed. Mr. Moore has
reéumed the stand.

Are you ready to proceed, Intervenors’ iﬁtermegééer?

MR. FORD: Yes, siz.

CHAIRMAN JENSCH: Will you proceed, please.

MR, FORD: 1Is it correct that the vslues of the
parvameters in the FLECHT tests represent & nonrandom s&iacficn
of the possible parameter combinations?

MR. MOORE: I don't belisve so. We discussed ghat

yesterday, I believe.

MR. FORD: If I decided to take a criteriom such as |

popularity, and applied it to a group of people, a set of
people, and if I picked a zample of ten people out of one
hundred thousand people, ahd I chose them on the basishéf
whether or not they were well knawﬁ to me, would that be a
random selection of people from that sample?

MR. MOORE: I guess so.

CHAYRMAN JENSCH: What is the vandom sanple?

MR, FORD: I was txying to give the definition in

terme of -« 8hall I ask M. Moore?

CHAIRMAN JEWNSCH: ‘He'says he guesses. Maybe be has |

a differvent definition than you have.
MR. MOORE: Repeat the question, please.
MR. FORD: The case?

MR. MOOBE: Yes.

|
;

5

!

T
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CHAIRMAN JENSCH: This Is something that could be
conveniently dome at the break? 1Is this a convenient time to
interrupt your examination for this purpose?

MR, FORD: Yes. I think if I asked the guestion
that I am concermed withk in this data; then we cam do it.

CHATRMAN JENSCH: Proceed, if you need a little
further idemtification.

MR, FORD: The Questiom that I am esking i1s what
are the parametexs for the low floodimg rate tests, the pava~

meters in terms of heat rate pressure, peak power, inlet

- coolant temperature, and so forth?

CHATRMAN JEMSCH: Are all those shown on the Table
3-1 which %15 referrved to?

MR, MOORE: Yes, sir.

CHAXIRMAN JENSCH: At this time let us xeé@ss and
reconvene in this room ac 10:30.

(A short vecess is taken.)
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MR. FORD: Finme. I think we have two souvces for
the same data. |

In termd® of the tests with low flooding rates, amli
correct that the initial temperstures here, with perhaps twe
o% three exceptiong, was 160@ degrees Fahrenheit or.less?

| MR. MOORE: No.

MR. FORD: Ho?

MR, MOORE: No.

MR, FORD: Let me see 1if we have the same numbers .
o theae,the nunbers of your tests? . ,

‘MRO MOORE: No.

MR, FOBD: You don’t have numbers like thet?

MR. MOORE: We have our own test numbers as
indicated im Table 3~1 in the xeport.

MR. FORD: Let me get it.

vMR, MOORE: Please.

MR. FORD: Which ig that?

MR. MOORE: Table 3-1 of WCAP 7665.

MR. FORD: What page 1is that on?

MR, MOORE: 34, 5 and 6.

MR. TROSTEN: Mr. Ford, have you been furnished this
document previously?

MR, FORD: VYes, sir. I have been relying on éhe
Idaho Nuclear. I will be happy to transform my test numbering

to yours.
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go to Table 3-1 which exactly describes the test conditions

as measured.
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- MR. FORD: The case wag, I have a sample of one hun-
| dred thousand people and I want to select twelve of them zo be

on a jury. If I went through this list of one hundred

thousand people and rejected or selected only people who had

blond hair as my first round of selection, would that be a
random or nonrandom selection of potential jurors from a
sample of ome hundred thousand people?

MR, MOCRE: Nonrandom.
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MR, FORD: W®ow as I went through the various parameterxr

combinatiocns that we could use in an experiment, and if I decided

that my criteria for choosimg paxrametexrs was that I was mainly
concerned with representing a situation which I thounght was
typical, would my choice of parameters based on the critérion
of whether T was o¢n the whole choosing typical valiues, wduld
that be random or non~yandom?

MR, MOORE: I am afraid T don’t understand that. It

got a little jnvolved., Ty again.

MR; ?GRD: I have & set of 30,000 parameter cowbina-
tions. Now for a possible experiment Like FLECHT tests I want

to chooze, because it’s expensive every time I make & run, I

want ©to choose only a small number, say seventy-three parameter

combinations, Wow if I chose sevenﬁy-three parameters, using
the criteria a@pﬁi@d to ali of the possible parameter combina-
tions, as to what was a typical parameteé combination oz
typical parameter values withia a vange, would I be making a
random or anon-random choice of parameter combinations?

Mku MOORE: I guess I would characterize that as a
mere acn-random.

How do you define typical?

MR, FORD: I just decided, I took for each parameter
range and underiinedv ag for example the FLECHT report doas in
its table in In=1390 of parameters, as was done on this table

in the FLECHT test, if I selected certain parvameters and
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MR, FORD: Can you tell wme speeifieally with regard
to the probiem of superhezted steam or I should say the
phenomenon of superheated steam and reverse heat transfer,
when you selected the parameteis for the FLECHT test 4id you
specifically say, "We want to select pavameters which will be
favorable to the presence of superheéted steam, such thet -
given the favorable conditions forkits occurrence we can
settle the question, the most favmrabie conditions for its
orcuYTence we can setvitie tﬁé guestion of'whetherﬂcx th iﬁ
will oceur.

MR, MOORE: The most favorable conditioms with respact

7

to what? Wﬁat bounds have ydu put on most favovable conditiony’

MR, FORD: Well, in termé of some general fécts we
know.,

For oxampie, we k;dwy I suppose, that the higher the
tenperature of the entive rbdﬁ-this neans the higher the
teuperature of the higher axial levels. So that in terms of
their heating up in a disprbpurtimnate way, the possibility |
for this is increased if we ﬁegin with a2 higher temperatuxee_
ig that correct?

MR. MOORE: No. I would argue the reverse.
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lebeled them typical and decided to do mest of my experiments
with them as the value of the parameter range that I was using,
wonld that be a non-yandom process?

MR, MOORE: Wo. As I understand you bhave picked a
typical set, and that is what you are looking at. vou have
defined a typical set. You just didn't pick it at vandom.

MR, FORD: Yes. It is. The answer is that it's non-
randcit.

MR, MOORE: Thank you.

MR. FORD: When you selected pframeters with some
criteria, when you seiecke&.gaxameters:foi.the FLECHT test,
can you tell me whether or not you did it in this fashion:
you said there are so many possible bad events that could
occur, there is, say, six of them, now the parameters that
would, you kaow, really con%ribuﬁeAta cach of these events
can be ideﬁtified, So in order to really deciermine whether ov
not this bad rhenomenon wauld:cecur‘in a real situation you
decide, well, let's actually «hosse the pérami%ers that would

make this bad phenomencn, abouk., If it's trua thas our

2 priori relationship beﬁwe@ﬁéthese parametexéland the bag
event is tyrue. |

Did you actually do this? Didyu choose parameters
with specific problems that you waited %o invegtligate?

MR, MOORE: Yes. I believe there waz some

engineering judgment involved along those linen.
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MR. FORD: The reverse?

MR. MOORE: Yes.

MR. FOBD: So that 1f you wanted to study the o
question of superheat you would study very low temperatures?

MR. MOORE: 1 am just thinking about the problem:
éhat the postulation is that the steam temperatures at the .
éxit become higher than the cladding temperatures and there
is a veverse heat transfer. It woul& seem to me that 1f the
cladding temperatuvres are higher all along the chamael that
my likelihcod of getting an even higher steam temperature is
reduced, since the amount of éower I am putting into the
channel is the same in all cages. |

MR, FORD: Yes. But is it the case that if you had
a higher high clevation temperature then it was closSer to the
dangerous levels at which embrittlement or meltinmg takes |
place; such that 1f you began with a higher high elevaiion
temperatuféﬁénd ther it received heat into itself from the
coolant, that then you would be in a much worse situation.in
texms of the thresholds above which events which we try,to
éreclude might happen?

MR. MOORE: Your quéstion was events favorable to
reverse heat transfer. You have now added an additional
factor, which is not reverse heat transfer per se, but is
also the corresponding maximum level that is reached during

the transient. You have different considerations.
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MR. FORD: Yes, that's correct. My questions

relate to if we wanted to find out whether reverse heat trans-
fer were a problem,visn’t it nérrect that what we would do is
try to set up the parameters In such a way that we amight
expect them to aggravate the problem and so that then having

set up the most favorable conditions for the occurrence of
the problem, if’it didn't occur we'd have a very strong
indication that 1t wasn't a problem, whereas, of course, on
the other hand if it did occur then the problem would be
well-established.

i ] MR. MOORE: I’ﬁ having difficully again with what

| your Interpretation is of most favorable conditlons.

CHAIRMAN JENSCH: And may I go back to the question

that kind of raised that éuestionm I think the gquestion was
propounded, "If you wanted to really setile the question
about superhecated stean would you stick to paramsters more -

favorable to superheated steam?”

And you said, "No. I would argue just the reverse."”

So the question was, would you study the lower --

MR. MOORE: 'No.;

CHAIRMAN JENSCHQ ’And the éuestion, I think, that
-was outstanding was, "You would study the lower?"

And T don't think you answered that.

MR. MOORE: WNo, I am sorry. The discussion was I

asked Mr. Ford, "What do you comnsider most favorable?"
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And then he saild for exam@le, "1f you have higher.
temperatures, imitial temperatures, wouldn't that be most
favorable to this reverse heat transfer?”

&nd I sald, "No, I would argue the reverse."

CHAIRMAN JENSCH: You said, "We wéuld study the lbwef
é : MR, MOORE: And I explained to him why I would
écnsider that higher iricial ﬁemperatures would not necess-

. arily be conduclve to veverse heat ¢ransfer.

CHAIRMAN JENSCH: Well, would you study the lower
' temperatures? ,

MR. MOORE: I would study a range of temperatures.

MR, FORD: Yes. Well, it's correct, I take it,
from both your amalysis of one set of parameters which would
-aggravate reverse heat transfer problems and from my own
analysis of another set of parémetex&, a higher temprature
that would aggravate the problem, that there are clearly a
number of different parameter combinations that might aggra-
vate reverse heat transfer, is'this correct?

MR, MOORE: Yes.

MR. FORD: So that 1f, for example, we took, let's
say; a given fixed temperature somewhere in the midrange that
Cemperatures are expected to rise to in a loss of coolant
accident and we made that our initial condition, is it then
the case in terms of the analysis that you have given that

it way be that 1f we really wanted to aggravace the reverse

LY
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MR, MOORE: That w&amy comntention, a lower heat
transfer.
| MR. FORD: I am just trying to --
MR, MOORE: VYes.
MR. FORD: -- get it all straightened cut.

Now is it also corvect that if you wanted to im-
crease the probabllity for reverse heat transfer to lead to,
'saf, melting or embrittlement, that you would pick s tempera-
ture higher than the midrange'in order to see whether this

§w091d result?
» MR. MOORE: That's not only a function of looking
at effects such as reverse heat transfer, which, by the way,
to‘put in proper comtext, were observed at essentially thé
10-foot elevation, not below that.
MR, FORD: Yes.
Now, my question was as Mr. Chairman appreciates =--
CHAIRMAN JENSCH: 1 have trouble keeping my notes,
if you will excuse me for interrupting, but I understood your
answer to be, there may Ee other factors imvolved too. But I
wonder if before you get to describing what the other factors
'are if you would apswer the question whether you would pick
a higher temperature such as might lead to.embrittlement or
meliing? Let the question be reread, please, Miss Reporter.

(The previous question is xead by the reporter.)
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MR, MOORE: Not necessarily.

CHATRMAN JENSCH: Proceed.

MR, FORD: In combination with other
this higher temperature éggravate reverse heat

MR. MOORE: Not necessarily.

MR. FORD: X am trying to get you teo

about '"not necessarily." I mean if we took --

3241

factors would

trangfer?

be more precise

if we increased

the temperature and changed what other parameters would we

then have reasonr to expecé that the negative heat traasfer

problem would be aggravated?
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MR. MOORE: The high temperature per se I don’'t feel
'aggravates reverse heat tramsfer. The aggravation is at low
flooding rates.

MR, FORD: Wow 1f the ten-foot elevation had a
temperature of IGOO degrees and through reverse heat transfer
it received 500 degrees worth of incremental temperature, it
would be uader the interim eriteria, is that correct?

MR, MOORE: If you are asking me is 1600 and 500 less
than 2300, the answer is yes.

2R, FORD: VYes, Now if the cladding at the ten-foot

elevation were at a temperature of 2,000 degrees and through

reverse heat transfer it received another 500 degrees in

oy

temparature, Qoﬁl& this be zbove the interim eviteria?

MR. MOORE: 23500 is above the intevim criteria,

MR. FORD: So that the significance of reverse heat
transfer in our example, is it corrvect that it is a function
of what the temperature before heat treansfer at the awxial tene-
foot level was?

MR, MOORE: Would you repeat that, please.

CHA IRMAN JENSCH: Let the reporter reread it, please.

(The pending questian is veadly the reporteyr.,)

MR, MNOORE: WNo., You have grossiy simplified the
éiseussion. It°s the function of what happens up to that
point alseo,

MR, FORD: :Yes, But all other t¢hings being egual
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is simply the fact that it‘s at 1800 degrees wersus the fact
that it’s at 1600 degrees, does that fact imply that in that
situation negative heat transfer has more potential for com-
tributing to problems than if it were at a lower temperature?

MR, MOORE: Yes, That’s a very academic hypothesized
situation and I am sure vou realize has nothing to dc with the
reactor sitvation.

MR, FORD: Yes. New can you tell me--

MR. MOCRE: Excuse me. My comments ave directed
toward the application of this data and its use in the Indiam
Point analysis, vou understand.

MR, FORD: Yes, Now I am concerned, ny point of
view is whether ox not this data, the experimental program,
was set up in such @ way ¢hat we could expect from it an answey
to the gquestion is megative heat transfer a2 problem.

New with this prospective in mind, can you tell me
in terms of the parometer combinations and how they are
described, the main Geseriptions that I have indicated, that
it:was felt that such-and-such wé&er temperature range and
such-and~such within it was the typical value and so therefore
most of the tests, all of the tests were rub within the range
andvmost were run at this kypiéal value, can vou tell me is
there any place in which you make further elaboratiom of your
reasons for choosing certain test parameters as the test

parameters ?
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MR, TROSTEN: Mr. Chaivwan, I obiject to the questioﬁ
| for the reason that it appears that Mr, Ford is tryihg to Find |l
6ut whether the Westinghouse test program was set upviﬁ such a
way as to get as much daté as possible or to prove some g@neraﬂ
point that Mr. Ford is interested in proving.
| 2t me finish, piease.
And whereas the puzgosé of the test was to prove
cextain paints related to the safety of thé Indian Point 2
reacter and the PWR reactd?s in general, and it seems to me
that the thrust of his guestion is leading into an irrelevancy,
MR, FORD: WMr. Chairman, I am not trying to ascer-
tain, as Mr, Trosten pbintgd out, the most general fabté akout
the Westinghouse program. The specifie point that I am trying
to ascertain--I have studied the purposes of the FLECHT test
and so forth and ihe specific investigatiog and the problem
-bf negative heat transfer is not given. And T am trying to
ascertain whethéx in setiting up the parametezs, in choosing
the ﬁarameters and setting up the tests, whether Westinghouse
was concerned with this prdbiem such that they could say or
could not say that “We have investigatéa the specific issue,®
rather than just taking teéés done for other purposes and
trying to say. "Well, it dcésn't show negative heat transfer.,”
CERAIRMAN JEWSCH: Can you pose the gquestion as you

have now stated the problem?

MR, PORD: ves, .
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CHAIRMAN JENSCH: The dﬁjection is overxule&.

MR, FORD: Can you tell me did wWestinshouse in
setting up the FLECHT tests and any of these tests specifiéally
choose pavameter combinations with the specific purpose in
ﬁiﬁ6~of investigating whether negétive heat transier wonld
cause seriocus problems in a2 Ioss of coolant situation?

MR, MOORE: YVYes., In ﬂhe sense that we were éevelopin?
a éet of cenditions to rum that incqrparated the conditions
expected to exist in Indian Point 2 reactor for this transient
with the"éxpmass purpese of determining the heat transfer
behavior of the entive rod, fuel rod bundie, in order to
determine peak clad temperatures. These conditions assumed
for the test covered a range of parameters which encompassed
the particular parametexrs of interest that are described in
our testimony on the calcmiations for Indian Point 2.

And as ¥ indicated undey all of these conditioms,
including all of the low fiooﬂing rate conditions, in no case
did the peak temperature cfcur anywhere other than at the
hot spot. And where you have overemphasized I am afraid the
negative heat transfer e& réverse heat transfer is a more
correct statement alluded to in the report at the ten«foot
elevation, which was intended to indicate to the reader why
particular temperature behavior at the ten-foot elevation

existed,
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MR, PORD: Mr. Chairman, as I understand Mr. Moore's

4]

answer to my question, whether they specifically set up

3 things to investigate negative heat transfer, as I understand
' 4 the question, he has told me that the general purpose of these

5 tests was to investigate heat transfer in general. He has

8 told me, secondly, that he does not think that negative heat

7 transfer is a big pro‘zblémo

8 I don’t feel that that is responsive to my questiann

? Tﬁere is really a direct.answer as to whether they directly

10 investigate set~up things to investigaée negative heat

3] transfer. And I ask your judgment as to whether that was

12 | directly responsible or not.
‘ 13 CHAIRMAN JENSCH: I understood he gave a specific
14 yes, and then he explained ﬁhat he did. Sco I infer that he
15 has given a direct answer. That doesn't prevent you from
i6 pressing his explanation,‘perhaps, or any other approach %
’ 17 you desire. |
13 MR. FORD: Your answer was, as I understand it,
19 that you indirectly invesﬁigated negative heat transfer
20 because you investigated all of heat transfer, is that your
21' position?
22 . MR. MOORE: I investigated -- no. I investigated
' 23 the heat transfer characteristice under a loss of éoolant
24 situation, although heat t&ansfer’éharacteristics under

75 those specific loss of coolant situations.




AWm2

10
11
12
13
9.«6
i5
ie
17
i8
18
20
21

22

Z3

3

-

324

MR. FORD: So that as a matter of the_focus, you
were concerned, you know, with the general questions of heat .
transfer and you didn't set for yourself the goal at the
beginning of these tests of agreeing whether negative heat
transfer at high axial levels was the problem or not?

MR. MOORE: ©No, I didn't say -- I don't know what
yoﬁ characterize as general heat transfer. I was specifically
setting out to determine the heat transfer conditions in a
reactor in a losé of coolant conditions.

MR. FORD: ILet us discuss the specific parameters
for the FLECHET test that had low flooding rates, I am
referring to Table 3-1 in WCAP 7665, vI believe all oflthe
low flooding rate tests with flooding rates less than 1.1
inch per second, this class of low floeding rate test, énd
all of them are contained in a section of the table on
page 3-6; ig that correct?

MR. MOORE: All the tests less than 1.1. Low
flooding rates would alsc include the 1.9 or 2, also,.

MR. FORD: Let us stick, for the moment, to the
criterion of low floocding rates here of lfl inch per second.

Am I correct, as I gb down the initial temperatures
for these low flooding rate tests, that the initial
temperatu#es for the 13 low flooding rate tests were 1632

degree Fahrenheit, 1785 degree Fahrenheit, 2012 degree

Fahrenheit, 1605, 1603, 1602, 1063, 1580, 1600, 1600 and 20282
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MR. MOORE: Yes.

MR. FORD: In terms of the mean temperature here,
is it correct that most of the tests were done at the initial
temperatﬁre of 1600 degrees, approximately?

MR. MOORE: I point out there are tests at 1.9
inches per second which is defined as a low flooding rate on
page 340, which started us on this discussion several days
ago.

CHAIRMAN JENSCH: I know. He said, let us confine
ourselves to l.1. Let us stay with that because we are
getting diverted in scmething else.

MR. MOORE: Mr. Chairman, I disagree with the
characterization of the low flooding rate of 1.1 or less.
May I make that disagreement, please?

CHAIRMAN JENSCH: Yes.

MR. MOORE: Thank you.

CHAIRMAN JENSCH: But confine your answers to

whether it would be 1. 1, higher or lower. Let us not get to

1090 1
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MR. FORD: We will discuss the question of what is
a low flooding rate.with Mr. Novak tomorrow.
In the low flooding rate less than 1.1 inch per
second range, is it correct that the pressure in all of those

bundles was at the high end of the pressure spectrum of the

FLECHT test?
MR. MOORE: ¥Yes,

MR. FORD: Is it correct that the peak power was at
a constant value for all of these tegts?

MR. MOORE: VYes.,

MR. FORD: Is it correct that the inlet subcooling,

in degrees Fahrepheit, was at apprdximately a constant

temperature of 135 to 140 degrees?

MR. MOORE: 250 degrees.

MR, FORD: In terms of the range of various para-
meters, is it correct fhae thé deviation from the standard
initial temperature, that the standard deviation in these
tests compared to the mean is quite smalli?

MR. MOORE: You haven't included all‘the variable in
the test.

MR. FORD: I am talking about the initial temperature
range. Is it correct that the standard deviation as a fraction
of the mean is quite small in all of these tests?

MR. MOORE: Yes, I supéoséc

MR. FORD: 1Is it correct that the low temperature
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range of the FLECHT tests in general, that the temperature
range went from 800 degrees Fahrenﬁeit to 2400 degrees |
Fahrenheit?

MR, MOORE: The total range?

MR. FORD: Yes.

MR. MOORE: Yes.

MR, FORD: 1In the range tested for these low flood-
ing rate tests, less than 1.1 inch per second flooding rate,
is it correct thatlthe lowest temperature, initial tempera-
ture for these tests was approximately 1600 degrees? .

MR. MOQORE: The lowest was at 1580,

CHAIRMAN JENSCH: Have you finished?

MR. MOORE: VYes.

CHAYIRMAN JENSCH: Thank you.

MR, FORD: So that referring to our previous dis-
cussion of how you would choose an initial temperature
parameter with the point of view in mind of aggravating the

i
negative heat transfer problem, we indicated that it was youxr
suggestion that what we would do would be to choose something
somewhat lower than the mear in the lower part of the
spectrum,

Is it éorrect that in the low flooding rate tests
repotted on page 3-6 here, of WCAP 7665, ﬁhat in point of
fact, you did not choose temperatures off the méan'for these

tests, but the lowest temperature was only 20 degrees lower
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than the mean?

MR. MOORE: Of the test you have ﬁicked out, ves,

MR. FORD: Of ﬁhe low flooding range test with
flooding rates of less than 1.1 inch per second?

MR, MOORE: Yes.

MR. FORD: I will add that all of the time.

MR. MCORE: Thank you.

MR. FORD: So that in terms of your own criteria,
these particular 13 tests were therefore not set up in such a
way as to aggravate the negative heat transfer problem? .

MR. MOORE: Yes. They were all done at low flood-
ing rates.

MR. FORD: In terms of the further time of ihitial
temperature, that a low initial temperature would further
aggravate the formation of superheated steam was notc chosen?

MR. MOORE: The lower temperature does not further
aggravate guperheated steam. I don't get more superheated
steam because of a lower temperature.

MR. FORD: It further aggravates the negative heat
transfer from superheated steam?

MR. MOORE: Yes;i That is the direction I feel the
temperature effect would have.

MR. FORD: Is it correct that tﬁe formatiocn of
superheated steam would increésé as the pregsure in the

system decreases?

o
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MR. MOOR?: All of the»things being equal, I guess
I would agree with that.

MR. FORD: Is it correct that in terms of the
pressure range of the FLECHT tests, that none of the low
flooding rate tests with flooding rates less than one inch per
second had low pressures? That is pressures in the iow range
of FLECHT test pressures.

MR, MOORE: That's correcﬁ.

MR. FORD: 1Is it correct that a lower peak power
density would reduce the temperature difference between the
higher axial elevations and midplane?

MR, MOORE: Which 16wer peak'power &ensity?i

MR. FORD: The power densities for the FLECHT test.
As vou indicated earlier when we discussed thé relationship of
power midplane in relation to the mean versus power as the
eight to ten-foot elevation, that there is a factor of twp
in power density in the mean as compared to power density of
the higher elevation.

What I am asking is, if we change the distributiocn
power density in the rod, would we be able -—- if we chénged.
it, of éourse, in the pro?er direction, would we be able to
-reduce the maximum clad difference between the midplane and
every other axial level?

MR. MOORE: What's your definition'bf re&ucing in

a proper direction?
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MR. FORD: Reducing in the direction that reduce&
the cladding temperature the difference between the midplane
and the higher level.

MR. MOORE: I can only do that by reducing the mid-
plane, also.

MR. FORD: What I am talking about is in terms of
the curve that you have given for power density as a function
of axial location.. If we wanted, can we do something to
flatten out this curve, to iower the relative power densities
of the midplane and the eight to ten-foot elevation? :

MR, MOORE: Yes. But that is obtained by‘lowering
the peak. I don't raiée the elevation. I don't dec that, no.
¥ou have to lower the peak, since the peak average is never
higher in value that ié assumed for the test.

MR. FORD: But nevertheless you could lower the
peak and make the --

MR. MOORE: By lowering the peak, ves.

MR. FORD: Was thig dome in any of the tests with
£flooding rates less than 1.1 inches per second?

MR. MOORE: No, because we are so far away from
any temperature limit.

MR. FORD: Does the inlet temperature of the coolant
influence the direction, the formation of superheated steam?

MR. MOORE: As a function of pressure, ves.

iR. FORD: Is it correct that the coolant inlet
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- temperature in the FLECHT tests was in the range of 70 degrees

Fahrenheit to 270 degrees Féhrenheit?
MR, MOORE: The coolant temperature, you say?
.MR° FORD: Yes, the coolant inlet temperature.
MR. MOORE: No. I have temperature indicated as
inlet subcooiant. Are you speaking of inlet subcoolant?
MR, FORD: I beiieve that’s the same thing.
MR. MOORE: No, it is not. '
MR. FORD: It isn'%?
MR. MCORE: No.

MR. FORD: Let me see. On the FPLECHT tests of

parameters, they have the parameter entitled, "Coolant Inlet

Temperature.” It has the same values as what is called lere
"Inlet Subcoolant.”

MR. MOORE: They are mistaken.

MR. FORD: For the parameter called, "Inlet Sub-
coolant,“ does this have a range of 70 degrees to 270 degrees
Fahrenheit? |

MR.MOORE: Not accoxrding to Table 3-1.

MR, FORD: As I look at 3-1, it goes to much lower
temperatures than to aroﬁnd 16 or 17; is that corréct?

‘ MR. MOORE: Yes.

'MR. FORD: Would variations in this inlet subeccolant

influence the formation of superheated steam?

MR. MOORE: Yes.,
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MR. FORD: In the tests which were rxun with the

flboding rate of less than an inch per second, was this inlet |

subcooling temperature varied over the rangé of all the
FLECHT tests, inlet gubcooling temperatures?

MR. MOORE: No, becausge inlet subcooling was
deteimined to have a very small over-all effect on heat transf
temperatures. |

MR. FORD: . Was it deteymined experimentally?

MR. MOORE: Yes,

MRo FORD: 1In these very experiments? 0 ;

MR. MOORE: Yes.

MR. FORD: Was it determined in a situation in which
you had a low flooding rate?

MR. MOORE: Two inches a second was plotted. I'm
not sure what other data was obtained.

| CHAIRMAN JENSCﬁ: The record doesn‘t show aﬁYthin§
for 1.1 inch flooding rate; is that correct?

MR. MOORE: Yes, that’'s correct, for the fiqure‘that
we plotted up, which showsAa sensitivity to inlet temperature.

MR. FORD: In terms of the kind of testing that
could be done varying thekihitial temperatures? Varying
pressure of the system and s0 forth, can you state that the
FLECHT test.of‘these iow flooding rates of less than 1.1 inch

per second, can you say that they have done all that can be

i

[
s
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§ | MK, MOORE: ALl that can be dona?

. 3 MR, F@RD I mean are there s number-'ko‘f obv:iqus- :
3 things that can be done with those parameter combinatioﬁs

. & that we have been discussing for the less than 1.1 inach ﬂood—
5 ing rate test. ;Afe there a number of things that could be
& done, like extenémg the temperature ramge to the lower reglon
7 which we are talk:&ng about, like putting the pressure frem
8 | its highest constant point throughout those tests to a lower
g pressure? Can allﬂ those things be done to determiné, as -
ic additional evidence pertaining tc the role of negative heaﬁ:,
11 transfer in loss of coo'ﬂaat accident?
12 MR, MOORE: Yes. We had observed any difzﬁiculﬁfi
13 with respect to reverse heat transfer. |

‘ 14 MR. FORD: Now, for the uwoment can you tell me in
5 erms of the computer code that you use, whether thé computer
16 codes that predict the cladding temperature at seven .axiai
17 levels, whether if we put into those computer codes l'cvw
8 flooding rates, low pressm:e, so forth, the conditions that
i9 aggravate negative heat txansfer occurrence, can yot tell me
2o if we put those assumptﬁlons into ihe code would they pzedict
a1 negative heat transfer?
22 MR. MOORE: Yes, they would show the effective heat

. 23 transfér,at the various elevations, completely comsistent
24 with the FLECHT test which alse showed at certalm paxts of

. 25 the transient reverse heat transfer,
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MR. FORD: Now, do the codes that you use have as
a variable the temperature of the coolant?

MR. MOORE: As I said before, no.

MR. FORD: 8o that in terms of their &xpliciﬁlsimum
lation we realize that the negative hest transfer resulgs
because the temperature of the coolant is higher than Ehe
t.emperature of the cladding, but ¢he codes theﬂ&elvés in thelr
mathematical logic, it’s not perfectly isomorphic with our
view of the thing, is that correct? |

MR, MOORE: No. That’s not correct. The code will,

; using the FLECHT data consistently and directly compute the

heat releazse from amy elevation, if you are using fhe derived
heat transfer coeffiéients for elevation. Yhat's what Z
started out some time?ago this morming on. That if I apply
my correlation in a consistent way I will get the cogslstgnt
heat release. | |

MR, FORD: What I am really talking about is sort
of the directness or tne indirectness with which the codes
do this, whether they predxct negative heat transfer undez
certain conditions, because they continuously simulate the;
physical phencmena that‘%bptribute_to this, whether they have
.a variable that is local coolant ﬁempezaturé, whether they
have 2 variable which is the change in the coolant temperature
as it goes up the channel, whether cthey have a variable &hat s|

the velocity by which the coolant is going up the channel and
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Do they explicitly simulate ai‘ of these different
phenomena, and then as a result in the synthesis of this
simulation predict the negative heat transfer coefficient?

i MR. MOORE: No.

é MR. FORD: Now is it correct that simply conceptu-
élly that if we postulated a high emough superheat temperature
at a high azial leVel, s it coxrrect then conceptually with

that postulation that we could bring about a higher claddiﬁg

temperature at that higher axlal level that actually obtained

at the same time with the same assumption that the core mid-
plane so-called hot spot?
| MR, MOORE: I don't follow that. Do you want to

try again? |

MR. FORD: Well, let me try again. 1 want ﬁ@ ask
you what the implicationé are of various postulates we can
make about the temperature of the superheat steam. No@ we
recognize, of course, that it's the temperature of thé éteam
relative to the temperature of the ¢ladding that determines
whether or not there will be this reverse heat transfer.

MR. MOORE: Yes;

MR. FORD: My Qéeéticn is for a sufficiently high
temperature of the superheat steam could we in effect @ioduce
a cladding temperature at this 10-foot elevation that is

higher than the cladding temperature at the so-called hot spot
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at‘the midplane?

MR. MOORE: 1 doubt it even coﬁceptually,

MR. FORD: You meam i1f I postulated some superheat
temperature for the steam of 5000 degrees, is it poésiﬁle that
the heat tramsfer from that imto the cladding at the 10~foo£
level would produce 2 highe: cladding tempersture theze than
at the midplane?

MR. MOORE: Yes. But let's not be confused here.
The main effect of having higher temperétures, superheat
temperatmres in the steam, is not so wuch that you are géttipg
Ehegt from the steam. I hope you are not hung up on that,

:because the main effect is that you ave not transferring heat
from the clad to the steam.
. MR. FORD: wéll -

MR. MOORE: Ahé so the temperature does rise. I
just wanted to get it in ﬁexspective though. I am coutinuaily
putting heat into the cladding, you understand that,.“Sa if
the sink Zemperature is higher tlea I will not transfer heat
from the cladding until the cladding temperature gets higher
than that; So if 1 haveZSOOO degrees steam temperature, the
cladding, before it will ﬁxansfer any heat will heat up to
5000 degrees.

MR, FORD: VYes. But now the negative heat tfansfer
coefficient means that ic’engoing just the other way arcund,

namely that the steam is a good bit higher or higher im
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genersl than the cladding, and the heat is being transferred
the other way. That's the meaning of negative heat transfer
coefficient or of reverse heat transfer.

MR, MOORE: Yes, reverse hest transfex“
MR, FORD: So it is correct then that for a given
éO»foot elevation initial cladding temperature there is a-

temperature of the superheated steam sSuch that it could raise

‘the initial 10-foot ¢ladding to a point higher tham the hot

spot?

MR. MOORE: Not under loss of coolant conditions.
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MR, PORD: Not ﬁnd@é iocss of coolant conditions as

you have been able to analyze them for us.

MR, MCORE: Not under loss of eoolant conditions,
I didn’¢ qualify it,

MR, FORD: Well, that's the hypothesis now.

Now 1@%°§ discuss steam. Have you performed cal-
culations with your computer code that give us a nice sharp
upperbeund that tells us the temperature of the supexheateﬂ
steam at which we woul really have sericus problems at this
higher level?

BR., MOGRE: Neo, I don’t rely on codes. T have got
experimental data thet indicate I don't have a problem.

MR, FORD: I see. WNew I am talking about the fact
that we may want o use the anélytieai models in situwations
not covered by the eupeoriments. For example, the axpeyiments
éimply had superheated steam, is that cazrect.‘ Tt had what~
ever temperatuvre it had.,

MR, MOORE: For the eorrect conditions.

HBR, FORD: Fox ﬁha direct conditions.

MR, MOORE: Correct conditions.

MR, FORD: F¥or thé'conditicns that were used in the
test. Can you tell me am I correct in recalling from our
previous discussion that you did not actually measure the
temperature of the superheat steam, is that correct, in the

FLECHT temts?

I
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MR, MOORE: That's my understanding, ves, sir.
MR, FORD: So that that FLECHT test data, am I
correct because the superheated steam's temperature wasn’t

meacured it doesn’t tell me really what the bounds are for

this saperheated steam parameter relative o real megative

heat transfer problems., Tt doesn’t tell me that the tbxeshqld

defining the onset of a substantial problem for negative heat i

transfer is such-and-such a value of the steom temperature, is
that correct? 4 

MR, MOCRE: That's fairly imvolved, but I be;ieﬁé tﬁé
answey is yes. What the FLECHT is telling vou is thefamoﬁné
of heat that is transforred from the rod; which is of course
what is of interest, | |

MR. FORD: N&w‘I am concerned with, I béliévep whét
nucleay engineers call écoping cailculations. You do a cal-
eulation, you say, for example, there are a number of unkncwns
here., Ouwyr question is, for exaﬁple, if a smail amount of the
core melts and drops into water what is the maximum'sﬁeém
explosion that that could create per pouﬁd, say, bf zircenium
that is melted, So that:they haven’t performed experiments
with large pounds of zirconium; and so forth. So they say,
"Well, let's do a calculation and let's get the T,N.T.
eguivalent of 211 this.” that kind of scoping calculatian,

Now I am coneerﬁed with in terms of applying this

kind of calculation for hypothetical situvations, such as the

FE




I2Bt3

jil2)
99
12
33

14

18
17
18
18
20

21

23

24

28

3264
melt-down, I am concerned with applying that same kind, or
finding out whether you made the same kind of caleulation here,
whether you studied the guestion, for example, in terms of
youx calculations,‘whether you have calculated the suéerheat-
steam temperature at which the negative heat transfer problem
would e such as to move the core hot spot frem the midplane
to the highex eievaticn,

MR, MOORE:  Ho.

MR, FORD: -I# it a correct interpretation of the
reverse heat tramsfer chbserved in the FLECHT tests that instead
of heat being added to the coolant all the way aléng;Aas‘it
goes up . the channel, that at the point wheme’xevgzse heat
transfer is taking place that heat is being transferred to the
rod rather than vice versa?

MR, MOORE: At the ends of the bundles,

MR, FORD: Can you tell me in terms of the estimating
procedures used for heat transfer coefficients, can you tell
me what, for the physical variables here, can you teli.mé wkat
measurement uncertainties were involved in the parameteré that
you éctually meésured ?exéusa say, the temperature of the
ccolant; which you assume to be at a given pressure.

MR. MOORE: The thermocouple measurements, I‘believeg
were accurate to better than about siwx or seven degrees |
Fahyvenheit,

MR, FORD: And the measure of axial powey level?
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MR, MOORE: I don't recall that number specificaily,

The overall accuracies oﬁ heat transfer quoted are in the
range of plus or minus tem per cent.

MR. FORD: Now, when you take, for exemple, the mida}
plane heat transfer coefficient from FLECHT data and to use
in your computer code for evalﬁating the heat-up in a loss of
coolant accident, which periicular FLECHT data do you go to?

MR, MOORE: bDirsctly to the heat transfer data as

derived from the DATAR code, starting from the rod A,
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MR, FORD: There are a number of FLECHT rums under
a number of differvent initial conditions and pressure and
inlet coolant temperature and so forth. How do you pick the
specific heat tramsfer coefficients that you are going to usé?

MR. MOORE: It's a function of primarily the flooding
rate. | |

MR. FORD: I see. Now is it correct that heat
transfer coefficients are insensicive to all of the other
parameters? |

MR, MOORE: Some more than oﬁhers, but we use .
§flooding rate, inlet temperature and temperature of the clad.
| MR. FORD: That's to calculate. I am talking about
the fact that these are calculated from tests rzun at different
inlet temperatures, different pressures and so forth. Now,
when you want to find a relevant heat transfer coefficient
to use in your accident analysis, how do you take all theaé
different considerations into asccount? I mean, isn’'t it the
case that the pressure inside the reactor, whatever it turns
out to be, that 'it's sameéhere in the range of the FLECHT
tesﬁ data? ¥You know, that the inlet coolant temperature is
somewhere in the ramge of tﬁe FLECHT test data? How do you
know, because the data was evolved under all these different
conditions -- not all, there is only one condition in the

reactor. There are various different conditions in the test.

How do you pick among the variocus FLECHT data the right heat
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transfer coefficlent?

MR. MOORE: You interpolate the conditions.

MR, FORD: Can you describe a little more fully
what that means?

MR. MOORE: If I have a flooding rate ofvl% iﬁcﬁés
4 second I have data for 1 inch a second and 2 inches a |
second, I interpolaté the heat transfer coefficient in between
the two data points.

MR. FORD:  RNow, the thing that I am interested in
is that that's all very translent with regard to flooding -
ﬁate, but whenr we look at the FLECHT data there. are FLECHT
tests that have the same flooding rate or similar flooding
rate, but the cladding was at a different temperature, the
pressure was diffevent in the test. So, all right. YNow,
that you have marrowed it dowm that you choose FLECHT data
with roughly the same flooding rate as what you are predicting
in the reactor, now how do you go from there to chooSe.amomg
all the other parameter ranges? which specific tests with
which paramezer coﬂbimation ave you going to take the heat
transfer coefficient fromf

MR. MOORE: Thex are two ﬁethods. ¥ éan search for
the data dirsctly, 1f we are close to those conditions. You
find the most closely appropriate set of conditiong, or I can
use the correlationm that was dexived as part of the FLECHT

test, either way.
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MR. FORD: 1 am comcerned about the mechanics of
this. The code that calculates the flooding vate, what is its
name?

MR, MOORE: It doesn’t have an acronym name.

MR. FORD: Would you like o coin one?

MR. MOORE: wWot today.

MR, FORD: I will eall it Code L. It isa't the
first code, though, you used. |

MR. MOCRE: No.

MR, FORD: 1Is it im the sequence some pléce that

.could help us?

MR. MOORK: Tﬁe flooding rate code?

MR. FORD: Yesol

MR, MOORE: 1It’s the code that's used after'biowdown
during the rxefloed, so it's used after the SATAN code.

MR. FORD: Post-SATAN code.

Now in terms of the way the codes are nested
together, one following the other, receiving input from the
other, cemtributing output to the next, the past~SATAN code,
it predictz what the flcpding rate is. And now you tell me
from this you go to the FLECHT data as summed up in the DATAR
éode, is that correct?

MR. MOORE: As predicted, as determimed by the DATAR
code. It's a lot of print-out.

MR, FORD: Now what data output from the post-SATAN
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ik g |l ¢ode is handed to Ehe DATAR code? Does it simply say, "Well,
2 I here is the flooding rate. WNow you tell me what tChe heat
3 transfer coefficients are goimg to bhe?™
& ; MR, MOORE: DATAR i1s merely the code that was used
5 ﬁ; process the data to derive heat @ransfer~co&fficientaou
6 é MR, FORD: I see. So that it is not a process of
7 élugging this code into a further code.
8 MR. MOORE: No.
‘9 | MR. FORD: I see. Is it a process of now imcorpor-
10 acing into this code heat transfer coefficients? J
it MR. MOORE: The code you are describing now meiely
12 determines flooding rate.
13 ' MR. FORD: I see. Now, what code do we incoxporate
. 14 i the hest t’cranéfer coefficients inio? |
15 | MR, MOORE: The LOCTA code.
16 | MR, FORD: Now LOCTA receives from the post-SATAH
17 code. Iz the only output it recalves the flooding rate?
18 MR, MOORE: Wo. Flooding rate, initial temper&ﬁnre,
13 pressure, and then subcobling. That 's used to determine the
20 heat tramsfer coefficient to be input into LOCTA.
2 MR. FORD: I seé. Now afber you have computed the
22 £looding rate mow you gé to the output of the FLECT test, is
. 23 this correct?
end 24 MR. MOORE: That's corract.
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MR. FORD: Do you do this mechanically? Is it set
up that it has in its pProgramming questions that it addresses.

to the FLECHT data scored in it and it goes and asks its

question and then geee on, or is it simply in terms of the:
sequence of computations? You get a flooding rate and then
you go to the FLECHT data and lock it up and use your
criteria for suggesting heat transfer coefficients?

MR. MOOREZ: It is done both ways. vYou can do it
with the raw data ang go into the data itself, or you can use
the correlations that were derived for each transfer co- ’
efficients, and input parameters %o those,

MR. FORD: If it ié done by a machiné algorithm,
does the machine algorithm take the same heat transfer
coefficients that the man piéks? Do they both have the same
ceriteria?

MR. MOCRE: Essentially, yes,

MR. FORD: Can you expiain what the precise criteria
are? Obviously it goes to FLECHT tests that have moré or less
the same flocding rate within an interpolation, so it iooks
for that. It predicts initial temperature. Does it gb among
data with this flooding rate to tests that were run with this
initial temperature?

MR. MOORE: I have difficulty in answering that
guestion because I believe the initial temperature was not a

strong influence. Each parameter is evaluated and you pick
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the set of FLECHT data which approximates or eguals that
particular condition. I have difficulty right now quantifying
the effect of the initial temperature. The cooling primary
gffect is the flooding rate itself,

MR. FORD: Are there any figures in the FLECﬁT
report on the sensitivity of heai: transfer coefficients ¢o
initial temperature?

MRQ MOORE: I believe sc. I will find a reference.
It is page 3-23, the fiQure 3-10. You can see from thz bottom
figure there at lower flooding rates, which are rates of
interest. There is very little variation with heat transfer
as a functién of initial clad temperature,

MR, FORD: I'm not too pleased with readinq off
differenceslliké this without any statistical analysis.

As I understan& the difference here -~ if you can
check me in the figure, if you prefer to -- 180 sconds as the
time after flood. If vou compared the bottom curve for
temperature of approximately 1602 degrees Fahrenheit and the
top curve for temperature of 200 degrees Fahrenheit greater

at that point than the accident, ien’t it correct that there

is a difference inheat transfer coefficients about 25 per

cent, the difference between heat transfer coefficient of
20 and one of 25? Doesn't that difference seem to persist
all the rest of the way after that point?

MR. MDORE: Yes, but that's well after turnaround.
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The coefficients of ihterest are in the earlier times. That
is when the peak clad tempexatures cbtain,:

MR. FORD: Can you tell me if a statistical anal?sis
has been performed? This ig simply the comparison of three
tests out of the 73 tests for their own parameter combinations
Can you téll me if a rigorous statistical analysis has bean
performed to indicate that there's nengensitivity to initial
clad temperature is in general the case?

MR. MCORE: I can't tell you what other individual
plots were made. As an engineer, I look at that, and in my’
judgment, certainly the range of interest, there is no real
difference between those curves.

MR. FORD: In terms of the way I ook at it as a
ctatistician, these are three curves, sample of 73 curv&ge
Is it your view on statistics that you can simply take three
curves out of 73 and conclude, without any furthe; statistical
aralysis, that the relationship shown in these three curves
is the relationship typical of the entire sample of 73
observations?

MR. MOORE: No. I am sure there is other data that
could have been similarly plotted. It just was not
published in this rgport.

MR. FORD: The second factor; the effect of inlet
subcooling on the heat transfer coefficients.,

MR. MOORE: VYes.
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MR. FORD: I believe this is shown in Figure 3-15
on page 3-29., Is this correct?

MR. MOORE: Yes.

MR. FORD: 1In this data, is it clear to you that
there is a Very substantial difference after 30 seconds after
flcod, a very substantial difference in the heat transfer
coefficient depending on what the assumed iniet cooling or
subcooling temperature is?

MR. MOORE: I would argue about the substantial. As
shown in the curve, there is a deviation with lower inlet

subcooling showing lower heat transfer coefficients observable

MR. FORD: When you chcose heat transfer coefficient.
on the basis of this data coning cut of the post'SATAN codg,
do you make sure that you are uging the heat transfer co-
efficient as a comparable temperature in the prediction of
the SATAN code and in the ob$erva£icn in the FLECHT test?

MR. MOORE: Yes,

MR, FORD: Can you tell me, does the post SATAN
code set up any other parameters to be used when you choose

heat transfer coefficients? Does it mention whether the

reactox?
MR. MOCRE: You are talking about the code to

calculate flooding rate?

e
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MR. FORD: VYes.

MR, MOGRE: Yes. Pressure is an input to that code,
Containment pressure?

MR. FORD: Containment pressure.

MR, MOORE: Yes.

MR. FORD: From that containment pressure doesg this
post SATAN code calculate what the reactor prassure is, the
pressure inside the core?

MR. MOOREZ: Not directly. As we indicated in
testimony yesterdav, the difference in pressure within the
reactor and the containment is quite small.

MR. FORD: My question is, when you g0 now looking
for a germane heat transfer coefficient, is pressure something
that post SATAN code asks to be considered in the choice of
heat transfer coefficient? Does it say, I have calculated
all I have assumed that the pressure is such—and-such and I
want you te lcok at the FLECHT data with that pressure?

MR. MOORE: Yes, that's considered in the develop-
ment of the heat transfer data.

) CHAIRMAN JENSCH: While the interrogator is putting
séme moie work on the easel, I wonder if I could aék Mr.,
Moore about the similarity or the small difference between
the containment pressure and the reactor pressure. Can.you

tell me if that condition was found in the semi-state scale

test at Idaho after blowdown?
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MR. MOORE: I can't speak directly to that. I
believe there was a small pressure difference. The pressure
in the semi-scale is slightly higher than -- well, they had
no containment. It's higher than ambients. It wasn't a
large difference, as I recall.

CHATIRMAN JENSCH: Thank you. Proceed. Excuse me.
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MR. FORD: The FLECHF tests, when they set the

ranges for the different parameters, they presumed the

Qe

initial cladding would go from here to here and pressure at i
inlet subcooling would go from here to here and so forth.

Is it correct that the vanges that they use, sort of the outer-
bounds that might occur in accident situation?

MR, MOORE: Yes.

MR. FORD: They also intended to set what is
expected to exist at the end of blowdown; is that correct?

MR. MOORE: 1I°d have to look at the reference. I,
Eisfout of context.

MR, FORD: The reference is immaterial.

MR. MOORE: That's an Idaho Nuclear report, not a
Westinghouse report.

MR, FORD: I will frame it im other terms, if you
like. The question is, was it in terms of parametr selection
in the flood test? Was it the intemtion to have tests over
the whole range of parameters, but to really concenteate tests,
you know, in a midrange which is considered to be mosi likely
conditions to exist at thé end of blowdown?

MR. MOCRE: 1 believe that was the intemts yes .

MR, FORD: Let's talk about these conditions at the
end of blowdown a3 coming out of the code in our criteria for
selecting heat transfer cocefficients.

MR. MOORE: If the imitial cladding temperatures
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and subcooling and so forth, and pressure that come out of
the code, if these are typical midrange values, am I correct
that we would have no trouble finding heat transfer coeffi-
cients for them because we did a lot of work om all these
typical midrange values? So wost of cur FLECHT data is right
in the form that we want it; is that correci?

ME, FORD: The result came out of the code were
such thet it was in the nidrange of the FLECHY data®

MR, MOORE: Yes.

¥MR. FORD: In terms of the statistical signifﬂcénge
0L FLECHT data, is it the case of a particular ramge of
:pafameterwﬁ particular parameter combination within the wmid-
range, that in the FLECHT test there would have bees a
number of tests that arepetty close to that parameter com-

bination? Let us talk about the midramge of inifial cladding

tempevatures as 1600 degrees, the midrange of inlet subcooling!

as L3530 degress, and the assumed prassure, I believe, didn’t
really have a midrange but mostly arocumd 6C. Are these
correct midranges?

MR, MOORE: Whet is the third one down?

MR, FCRD: Imlet subcoolimg.

MR, MOORE: I don't reczll thet number speciﬁicallya

MR. FORD: 1Ts it correct that in texms of the

statistical sigrificance, since these are the main parameter

combinations and since most of the work was done, you know,

|

PRENS
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within, say, a Delta of those midrange values, i3 it corvect

|
g
i
|
g
{

that the result we get for combimation of 1600, 60, 150, that
it's statistical sigmificance is imcreased for it 1s comBiste
ent with the resulis we get for 1602, 58 and 1482

| MR, MOORE: Is what statistical sigrificance
%nereased?

MR. FORD: 1If I Qat a paxticular heat transfer co-
efficient as a functlion of a 1600 degree imivial clad temperﬁwi
ture, a 60 degree pressure and a 150 degree inlet subcooling,
say I got a specific heat transfer coefficiemt for the mid-
range here that is such and smgh a valvue, Let us say I did

another test in which I dexived g hest tvansfer coefificient

r’a

for 1650 degrees; initlal tempsrature of 55 pounds pressure,
and of 141 degrees inlet subcoolinmg. If I perfovm the first %
test, I get a certein heat transfer ceefficiemz., If I
perform the second test, I get another heat transfer co-
efficlent. If I varied the pavameters a litle bit wmore still
within a Delta of the initlal one, I get a third. If
out. that the three heat tvensfer coefficieuts that I get from
these three close varisiions of the parameters, 1f it turns
out that these three heat transfer coefficients are pretty
nuch the ssme, is the statistical significance of any of them

that the three of them are wildlyy

&

greater tham if it turns ou
different?

-

MR, MOORF: I say not necessarily.
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; . MR, E‘ORD: Is the whole point of using our statise-

. s tglcal apalysis, or is the gemeral point to .ﬁ:ry and see whether
3 if you make an estimate, if you re-estimate it with pretty

‘ p much the same conditions, you would get pretty close to the
5 same coriginal estimate? Is cthat the whole idea behind
o statistical significance?
. MR, MOORE: I thought we were discussing data points !
8 here, not predictions,
9 MR. FORD: We are. I am trying to move it to
10 certain statistical px'oblems associated with the uwse of the |
o1 ?FMJCH'E data. 1 am simply trying to see whether or not you
02 "agreze with me, that in the avea im which you do a lot move
03 testingd your results have a lot more statistical sigaificance
14 than in areas where you éon.*ﬁ: do vexy much testing.
- MR, MOORE: I sgree with that.
96 MR. FORD: You agree with that?
07 MR. MOORE: Yes.
58 MR, PORD: So that this means, once we start moving
59 over beyond the midrange into areas im which we omly did a
20 seall amount of tests, that the statistical significance is
iy lese tham what it is in the midrange? The s&:éﬁ:fzsi’;icaﬁ. signi-
22 ficance of our heat transfer ceoefficients is less.

' 23 My questlon concerns what happens to the statistical
24 significance of your ccmputer code when, for nmot just ons

' 25 parameter, but for a couple of parameters, we move oubside of
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the midrange of parameter values used in the FLECHT tests.

am I correct that what would happen is if we moved outside of
the midrange of initial cladding temperacures, outside of ﬁhe‘
midrange of pressures, and outsilde the midrange of iniat sub-
coollngg that what we do is, the results that we have there
are one of two problems: Eitber there are no FLECHT test'data
for this parameter, combination or what FLECHT test data thez‘e

axists has accumulated the statistical insignificance of z

. gtatistical problem of three observations?
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MR. MOCRE: You have ignored one fundamental problem
that statisticians occasionally have, and that is to ignore the
physical significanece of or the physical phenomena of the data
that they are tzeating statistically., In the engineering pro-
fession you don't blindly take date poiate and play around
with the statistics sclely on a statistical, for a statistieal
effect, You lock at the data that you obtain and you look
at engineering jﬁdgmant and does it agree or disagree with the
resulis that you have obtained., In the case of many of these
parameters the specific intent of the FLECHT program wae to
determine sensitivity. There was not to be expected large
sensitivities in many of,these parameters and such sensitivi-
ties were in faect not observed. Sc your theovetical argument
here as to be tempered by an understanding and a judgmeni of
the actual physical pheacmena as well,

MR. FORD: wgll, I appreciate the comments.

CHAIRMAN JENSCH: Excuse me. T want to get the
guestion answered neveftﬁelesso I think you arve trying to
give an expianaﬁiom befére vou give the answer. WNow if vou
give the amswer you agré; with it them vou say you don't
believe it should be applied, that's a good argument if you
can present it,

Could yoé ge back to the guestion, please,

iet me seg if we can take the two instances up there,

If you have the h1l660-150 and you rum snothey analyzis at




e

18

16

17

3282

1655 and 141 and you find the heat transfer ccoefficients come
out alike, do you feel more confirmed as to the hl560-150 in
view of the fact that your next one came out alike?
MR, MOORE: Do I feel more what?
CIAIRIMAN JENSCH: Convinced that it is valid. Does
the second calculation confirm the validity of the firse?
MR, MdGREz Not just locking at the two calculations.

MR; FORD: Well, if you do look at the two calcula~

- tions, however, 8o you not feel convinced that the second one

A2 Y

comes out like the first?

MR, MOORE: The postulation was that the coefficient
for those two sets of conditions came out to be about the same?

CEAIRMAN JENSCH: Ves.

MR, MOORE: I conclude from that that the effects of
the variztions in thosz parameters thst occurred between the
twe cases dide’t have much of an effect. You get the same h,
That is comferting. Is that the question?

CHAIRM%H’JENS&H: Well, youw are comvinced as to the
validity. T don’t cave about your comfort. VYou are convinced
of the validity of the first caleanlation, are you not?

MR, MOORE: I don’t see how ¥ can conclude that;

MR, FPORD: Mr, Chairman, I think that this particular
guestion was answered by Mr. Mcoore when he indicated that in
the points in the nidvange we would have more experiments,

that the statistical significance of each result is higher than
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the points on the different ends., The question cutstanding was
whether if the cowmputer code predicted, the post-SATAN code
predicted these various parémetexs autsiﬁe‘of the wmidrange in
which they were tested, the guestion was in two parts: first,
is there some probability that you will not have tested the
parameter combination because it’s outside of the range in
which most of the work was concentrated.

MR, BRIGSGS: Could we stop right there?

CHAIRMAN JENSCH: And ask him to answer that?

MR, BRIGGS: Ves, answey the guestions one at a time.

MR, FPORD: Find.

MR. MOURE: Yas,

HR, FORD: Is there the second possibility that what
egtinates there are, their statistical guality is diminished
because they haveAaccumulatéd the unecertainties of three un-
certain estimates?

MR, MOORE: That's a possibility.

(1)
ey
o o
©

MR, FORD: Yes. Now in terms of the gbility o
computer code Lo use the FLECHT data am I correct that if a
statistical point of view the premigse has to be that the loss
of coeclanrt accident situation must be pretty well confimed to
the midrange, or else the statistical validity of the heat
transfer ccefficients you incorporate into the subseguent codes

is diminished greatly.

MR, MOORE: I disagree.
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MR“‘FGRDg 'Cau you tell me whether Westinghouse has
prepared a statistieal analysis of its use of FLRCHT data in
the codes that supports your position?

MR, MOCRE: No statistical analyses have bheen
performed,

¥R. FORD: Cam you t2ll me as a practical matier,
let's say, we were running this code tq do seoping caloula-
tions and ve predicted initizl temperatures and initial sub-
coolung and flooding raotes, which were a good bhi T out of the
midrange of the FLECET tests, and you wanted to ¢go on with the
seoping ¢alculations kuﬁ there were nd cbservations in the

FLXCHT test under those conditions, can vou tell me whal would
you do? fhis ig to get heat iransfer coefficient.

MR, MOORE: VYes. I would mot focus on any s.ﬁcifie
combrination of paremeters in the midrange. I would look at
the sensitivity of the heat wransfer coefficient o the
parameters of interest, locking at my data. Then T would
determine what are the more critical parameters that affact
heat transfer. I would want o e reasonably sure that of

heat
the more eritical/transfer parameters that I am in the rTange
of interest when I do the apalysis., In applying this overall
review ¥ alco want “o know what the semsitivity of the answer
is to the coefficient and ulso whether assumptions have gone

into the analysis,

For exawple, with respect to the deteraination of
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the flooding rate itself and it’s the overall analyais we

then evaluate for applicability,
MR. FORD: Wow in terms of your diagram here let we
try and see if I can make clear how you proceed when you are

cutside of the midvange. Now let‘s suppose that this is the,

something we call the critical pavameter. Tt has a clear

4 e K e P e T s et T s B2 R TS

infivence in this case on the heat transfer coefficiont., Now
you have collected data inm a speeific range of this parameter
and let's suppose that for this specific range whe deta core

responds very well to this curve, you know, the R2 let's say,
is a super respectable ,§§¢ Hew the thing is in torms of

going out of this widrange, you can continue the eurve simply

here, you cén decide that it crashes here, you can decide that

it reaches 2 plateau and so forth,

1

Can you tell me from 2 statistical point of view
how you can translate statistical validity of this corrslation,
youww you can trapnsfer it to whatever you decide to estimate
outside of the range?

MR, MOORE: If you had been listening %o my Answer
before I said I would determine the critical parameters and I

wanted to be sure that with the eritical parameters I was

within the range of the data.




RZBml

o

4

15

16

17

i8

i8

20

21

az

24

2%

3286

MR. FORD: I see. So that because of your implicit
awareness of the statistical insignificance of bootstrap
extrapolation, that you simply don't go into this matter., I
you have te, you know, for a eritical parameter, go out$ide
of your range, you just wouldn't. There would bz no pcint
because if thé statistical --

- MR. MOORE: 1°'d be very cautious and then I would
be invelved in a more rigorous statistical evaluation, that's
right.

MR. FORD: I see. So that for critical paranaters
am I correct that your use of the code is pretity well

limited tce the midrange of the FLECPT data?

MR, MOORE: NWo.

MR, FORD: MNo. Now —-

MR. MOORE: I have FLECHT data for the critical
parameter over a wide range.

MR. FORD: Yes. But I think our previous point
was -- let‘s go into this point more carefully. Our previous
point is, let’s call this z critical parameter, ‘This C
means critical parameter rather than cladding as it was
before on our chart. ULat's call it a critical parameter, aund
we previously acknowledged that the statistical validity of
points outside of the midrange was lass than the statistical
validity of the points in the midrange. Now are you saying

that if this is a critical parameter and thieg is not, that
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for the critical parameter the relative statistical validity
of points outside two points inside the midrange for critinal
parameters is higher than the relative statistical validity
for nomcritical parameters?

MR. MOORE: No. I don't think I said that. 3 just
said we did not focus - you indicated that the intent was to

develop data around a given expected midrange. That was the

intent.
MR. FORD: Right.,
MR. MOORE: VYou failed to racognize that the tests

were expanded and in the area of flooding rate, which was +o

be determined by tests to be the critieal parameter tests

were done at very low flooding rates and under conditions
that very closely represent the conditions expected for the
Indian Point plant.

MR. FORD: Yes. But whatever your acconplisheents
might have been with regard to flooding rates as a critical
parameter are you saying that there are no other critical
parameters and thus it wasn‘'t necessary to have the range you
did for flooding rates?

MR. MOORE: As observed in the report we did
éetermine sensitivity to parameters such as initial clad
tenmperature.

MR. FORD: VYes.

MR. MCOORE: And found out that the resulis were

G
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fairly insensitive in a region of interest.

MR. FORD: I see. Now} are there any other para-
méters besides flooding rate which you label critiecal
parameters?

MR. MOORE: No.

MR. FORD: Can you tell me when you use the heat
transfer coefficients you have acknowledge that their un-
certainty is plus or minus ten per cent, now after I have gone
to the~daﬁa,'faund the heat transfer coefficient that ic
suitable to the flooding rate, the initial tenmperature, the’
inlet subcooling, and maybe even the pressure that I have just]
predicted with my code, when T find the heat transfer co-
efficient that's germaﬁe'to that do you just use that as it
is or do you multiply it by plus oxr minus teﬁ per cent?

MR. MOORE: I use it as it is.

Mﬁa FORD: I see. Néw, if you uvused it, if fou
used it on the side of thé plus or minus ten per cent that
makes the cladding temperature worse, makes it higher, would

you be in that kind of conservative framework, conservative

- estimating framework, would you then take minus tenper cent

of the heat transfer coeffiéient as the thing of use, rather
than the raw coefficient?

MR. MOORE: No, because I have to consider the
basis for the flooding rate, the independent variable itself,

how was that calculated. That's where the conservatism is
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applied.

MR. FORD: Independent of (the conservatism appiied'
to the flooding rate calculation is it correct that yéu'do
not apply a conservatism to the heai: transfer coefficient
itself?

MR. MOORE: WNot per se, that's correct.

MR. FORD: Have you performed a statistical analysig
for which you took the expected values of all of your para-
metérsp you took flooding rate and it said that it has an
uncertainty of plus or minus f per cent. You took initial -
temperature of plus or minus f per cent and so forth, Have
you performed a stétistical analysis to indicaté how these
various uncertainties accumulate ag you go through the
process of alculating and calculating, and puttihg iﬁ
parameters and putting in parameters?

MR, MOORE:. I don’t understand the questiog witﬁ
respect to cumulative calculating and caiculating and.
caiculating.

MR, FORD: Let's talk about a baseball game ané
let’s say that I make a érediction of the number of hiﬁs by
the Red Sox in the first inning and I predict tﬁat the Red-
Sox will have five hits in the first inning. 0.X. And now
I éo on and I predict that the Red Sox will have two hits
in the second inning. And let's suppose that the game is

canceled after two innings. Now, let's further suppose that
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I had data on what the uncertainty of my prédiction was for
each prediction. I knew that my prediction of first inning -
let's say it's the same dnﬁertainty all the time. I kne%
that, you know, I might be plus or minus two runs in |
predicting every inning. WNow, if we translate my total
prediction into ranges of uncertainty there could be hétwéen
three and'seven hits in the first inning, that could be betwee
Zero and four hitsz in the second inning. Now, if I neglaéﬁeﬂ
all of this uncertainty as it accumuiates in my estimate and
somebody said, "Well, what is your ovérwall estimate . for thé

-number of hits in both innings," well, I'a say seven. But if -

somebody asked me, "Well, take the uncertainty into account,"

I know my uncertainty, I am always off, my evidence.has gaid,
by plus or minus two hits. &And somebody said to me, "Well,
take your uncertainty into éccount and give us, you know,
what is your best judgment." I know from a statistical
point of view that §9 per cent of the time I am going to be
right if I adjust ny éstimatgs for uncertainty. So with a
confidence of 99 per cént I can say that fhe number of runs
hit by the Red Sox in both innings will be between three and
eleven. Now, is it'cleai ﬁo you in terms of this example
how uncertainties accumulate in estimating procedures as the
estimating procedures are combined?

MR. MOORE: &og it's not clear to me as to how you

are applying this to the reactor situation.

1

v
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MR, FORG: I am trying to just see whether we can
find ground for discussion of the reactor case by asking you
whether it's clear to you that the statistical validity of
the estimated range is comsiderably higher than the statistica
validity of just the estimate without uncertainty consideraw
tions.

MR. MOORE: I still fail to see the analogy. I
understand your hallgame.

CHAIRMAN JENSCH: Well, I guess the question is ao
you understand there could be uncertainty in the ballgamsa
as he has depicted it?

MR. MOORE: For his ballgame, yes, sir.

Mﬁ, FORD: Right. Now, in terms of the uﬁcertainty
we can even quantify it. I have indicated that because of
my knowledge of the firmness of this error of plus oi ninus
2, because that's so high, because that's .9991I know that --
well, let's even say it's absolutely certain, that I will
be within plus or minus 2. We kaow then that it's
absolutely certain or at least .9%999 probable that I will be
in the range, but the ballgame will end up, the score, in
the range of 3 to 11 hits.

Now, once we start talking about where it will be
in the range, the number 7 is one of eight numbers of possiblg
hits that could be had so that the prokability of seven hits

is only 12 per cent, twelve and a half per cent, whereas the
w

8
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prbbability of it being in the range in the first place of
3 to 11 is 99 per cent.

So is it clear to you that a cumulative statistical
estimate that systematically and rigorously incorporates
uncertainty estimates in its procedures and’in its symthe-
sizing of all of the data, that the statistical validity of
results prédicted'with uncertainty analysis is vastiy higher
than the statistical validity of results with no uncertaihty

analysis at all.
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MR, MOORE: 1Isn’t that a functiom of the
The differences we are talking about, isa’t that a function
of the uncertainties? I mean if you had a prediction of
27 runs plus or minus 1 run my variations are mot as critical
as my differences can be as large?

MR, FORD: Well, it's a function of the uncertainty
in this sense, namely, that if there were no uncertainty, you
know there would be nome of this amnalysis. Eut the point is
once there is some amount of uncergaﬁ@ty then my hypothesis
for which I am asking your coafirnance, 1s it correct that
,once there is any amount of uncertailnty from a statistical
:point of view the resuits of an analysis that rigor@usly
analyze these uncertaintieé has a higher-statistica1 va1idity
and a statistical significance than the results of an analysis
which does rigorously study the unceritainty of the different
parameters?

MR, MOORE: I guess you understand that in 2
statistical sense that's not the approach that's been ﬁakeﬁ
in these amalyses. That's where I think we have a cqﬁmu@ica=
tion gap here. |

MR, FORD: Well, I took £o heart your smggestian
éarlier that aghstract statistical analysis needs the pevspect-
ive ;f the engineexs, not just enough to talk about ranges of
the variasbles without considering their statistical @igmifio

cance. I also hope that you will take to heart the fact that
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the engineexs' use of data could also be informed by some -

statistical analysis and statistical rigor. -

Applying all of this to the predicted maximﬁm;clad
temperature as predicted by your codes, do I understaﬁd:it_
correctly that when you predict 2300 degrees Fahrenheitithét
én the process of preparing that prediction with your cé&é

you do not step by step perform uncertalnty analysis and

. cumulate this analysis all through the comparison such that

 you can associlate with youf firal prediction a clear, well-

grouﬁded statistical statement by its uncertainty?

MR. MOORE: That's corrzect.

MR. FORD: Can you ¢ell me where this figﬁfe:plué
or minus 10 per cent fdr the heat transfer caeffﬂciéﬁﬁ'cam@
from as its uncertainty?

MR. MOORE: That was dexived from an evalmaﬁiom of
the measurement uncertainties in the specific FLECHT tests.

MR. FORD: Can you tell me what the measure of
uncertainty was?

MR. M@GREi Yau.mean on the individual components?

MR, FORD: Well, I am looking for the mechanism by

which somehow or other from the FLECHT data it was decided

.that FLECHT heat tramsfer coefficients were plus or mimus 10

per cent accurate?

MR, MOORE: By the tolerance or the measurement -’

uncertainty of the thermocouplessdcfithe power input, which
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formed the two specific parameters that were measured ﬁo get
heat transfer.

MR. FORD: I see. ‘Now, can you point out to me
where this statistical analysis is presented in the FLECHT
reports?

MR, MOCRE: No.

MR, FORD: Do you know that it is presented in the

FLECHT reports?

CHATRMAN JENSCH: The witmess has been om the stand
for a considerable time. He is looking up something in the
record. Maybe this would be a good time during the n@@ﬁ bourx
to give him a chance to get rested in the meantime.

Is this a converlent place to intexrrupt the examina-
tioné |

MR. FORD: I have one fimal question for a moment.
on this plus or minus 10 per cent umcertailnty,

CHAIRMAN JENSCH: Proceed.

‘MR. FORD: 1s it correct that if we computed the
maximum clad temperature over the ramge of uncertainty of
plus or minus 10 pexr cent for the FLECHT heat transfer con.
efficients that we would compute a range of maximum cladding
temperatures, half of which exceed the interim criteria of
2300 degrees Fahrenheit?

ﬁRn MCORE: No. That'’s a misapplication of the state-

ment on the 10 per cent error. What you don't understand, it
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is indicated in the information we have given, is that you
asked me the umcerﬁainty in the FLECHY measurement, measured‘
heat transfer.

I indicated based cn the measurement accuracy it?s
plus or mipus 10 per cent. There are severai beneficial
effects on heat tramsfev that are completely ignored with
" _ ,
respect to FLECHT results, and furthermore there is the other
aspect which we have not explored, which is that we calculate
a flooding rate, which is the priwary variable of interest,
in a manner which ensures that the flocding rate is 1e$élahgn
expected by the assumptions made for uncertainties iﬁAéhé
flooding rate. So you just can't take a plus or minﬁsg a
stated plus or minus 10 per cemt accuracy for a specifia A
FLECHL test. -

You must understand, we did not Include in ﬁoing
the analysis the effects of fallback, which were imdicated
in the FLECHT report as beneficial. We did not include.the
effects of having borated coolant, which had some bemeficial
effect, as imdicated in thé FLECHT report. And also‘the
FLECHT tests were done wiﬁhout wmirzing vane grids and the
effect of wixing vane grids which exists in the Indlan Point
Plant will be to improve or emhamce reflood heat tranmsfer.
The total effect of those three is estimated to be at least

50 to 60 per cent inmcrease im heat transfer during reflooding.

So I want to make sure that the plus or minus 10 per cent is

s o
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put in the proper -erspective,

MR, FORD: Well, I am sure that when you¥gﬂve use
the precise references that indicate how this plus or miﬁﬁs
10 per cent was arxived at that we will be in a much better
position to determine whether or not your analysis is correct.

CHATIRMAN JENSCH: And do I undewstand that he h@s
some veferemces to the 50 or 60 per cent berefits im the
FLECHY rzepozte too?

MR. MOORE: There are references to two of the
three benefits, yes.

CHAIRMAN JERSCH: At this time let us recess,

reconvene in this room this afterncon at two o'clock.

(Luncheon recess.)
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CEAIRMAN JENSCH: Piease come to order,

Is Witress Moore availabie?

MR. TROSTEN: He is temporarily uvnavailable, Mim
Chairman., %He will be right back. |

CHAIRMAN JENSCH: vVery well,

Witness Moore has resumed the stand, but before
proceeding with interrogation by the Intervenors I wcnéer if
t could check my notes and see if I have a correct impression
of your last answer to the Jlast question. I wondered if it .
was a “"Yes, but® type of answer.

| As I recall it, the guestion was, “If you computed
the maximum clad temperatures in with these other éémpgn@nts
of I believe pressure and inlet coolant and>miérange of cladding
temperature, that haif of the calculations would exceed 2300
degrees,

And as I understood your answer you said that that
was a misapplication because you wanted to have credit for 50
to 60 per cent of some items, such as borate coolan: ané misting

vane grids and fallback. And I wondered if ¥ could ask a

clarification of your answer. Did you agree that the statistical

L4

analysis was correct but you wanted to have the benefit of theseé
other credits, is that correct?
MR. MOORE: No. I didn°t agree to any correctness of

any statistical analysis, What wMr. Ford asked was, ag I
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LBt2 1 remember the question, "If vou used a heat transfer co-

‘ 2 efficient whick was ten per cent lower in calculating peak

(£

clad temperature would the temperature be highexr than 2300

‘ 4 degrees Fahrenheit? And all other things being csnstanfz ittg
5 obvious that if I input a lower heat transfer coeffi.cie;nt
} 6 in the analysis the temperature will go up.®
| 7 So the answer isAyes‘. But certainily a guestion that
‘ 8 is not in context at all.
e | | CHAIRMAN JEWSCH: Yes. FPor the reasons that youin
10 indicated, | |
11 , MR, MOORE: Yes.
12 | CEHATRMAN JENSCH: Thank you very much.
13 Will you proceed, Intervenor.
‘ 14 o MR, FORD: Mr. Mdore, yoﬁ have indicated thafa there
5 are assumptions which you do not make t¢hat if they were nade
16 they would reduce the maximum clad temperature. For the -

i7 pose of this record, the assumptions that you have listed, do
18 you or do vou not make these assumptions in caleculating the
19 maximum clad temperature éuring the loss of coolant accident

) 20 for Indian Point 27

21 MR, MOORE: The assumptions that I referenced ecarlier?
22 MR, FORD: Yes,
® 2

MR. MOORE: They are not inclided in the analysis.
. 24 MR. FORD: Can you differentiate of the assumptions

25 that you indicated would yreduce max clad temperature, can you

s
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differentiate for us between those which you want to make with

which the Atomic Energy Commission will not ailow you to make

under the interim policy statement and those assumptions which
you want to make which for somé other reason are not made?

MR. MOORE: We are specifically referring to
assumptions on FLECHT heat transfer at this point?

MR, FORD: Well, I an referwing to the list of
agsumptions which Mr. Jenscﬁ was referving to, namaly the
assumptions that you feel in some sonse eould be'madé; and if
they were made would reduce the calculated max clad temperathra
but which nevertheless have not been made .

Perhaps you could eclarify matters by simply listing
all of the assumptions which vou feel could be made but were
not made ana which have this influence on the max clad
temperature.

MR, MOORE: Yes. The three specific omes T ment ioned
were in ovder of offect mixing c gyrids, Second was.the
effect of borated coolant and the third small effect in this

case is of fallback.

CHAIRMAN JENSCH: What is a fallback?
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 MR. MOORE: That's the phenomena where tha eﬁttéineé
water -- the exit of the core hits the core support structures
and falls back intc the core and provides additicnal flcading'
mechanism in the heat trausfer.
CHAZRMAN JENSCH: Thank you.
é MR, FORD: Can you tell me, these three assumstions

that are not made in calculating the mass clad temperature

 for Indiam Point 2, are they not made because the Atomic

- Energy Commission will not accept them under the interim

policy statement?

MR. MOORE: No.

MR. FORD: Are they not made because s@fficienﬁ
data has not been evolved to justify these assumption§?

MR, MOORE: ‘En the case of the mixing vane grid,
that'’s correct, to quantify the improvement.

MR. FORD: The effect of the borated coolawnt, can
you explain why this is not considered in your calculation?

MR, MOORE: It is just a consexvatism im the
calculation.

MR. FORD: Have you performed a sensitivity analysis
which indicates the magnitude of comservatism here?

MR, MOORE: It is indicated in the FLECHT report,
comparison of heat transfer.

MR. FOED: In terms of after you have taken it from

the FLECHT report and ;ncorporatad it in the differemt codes
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and gcne through the calculation, can you tell me if the
calculated tempsrature of 2300 degrees would be increased or
decreased if ycu considered the effect of borated cooclant?

MR. MOORE: 1If I considered the eff§ct of boréted
coclant, would the peak temperature be Increased or decreased?
MR, FORD: VYes, if vou took credit for it.

MR. MOORE: The peak tempsvature would be decreased.

MR, FORD: Canm you tell me how much it would be
decreased by?

MR. MOORE: ©Not offhand, no.

i

MR. FORD: 1In any of the amalyseés that you submlitted

1]
3
H

‘to the Atomic Energy Commission on emergency core cooling o

assist them in thelr formulation of the interim palicy eriteris

did you supply them wich calculations in sSUBpuTE of the
assumpt ion thét the boration of the cooclant allows you to éake
credit for a lower calculated temperaiure?

MR. TROSTEN: Mr. Chalrmazn, I object te that
guestion.

CHAIRMAN JENSCH: .Why?

MR. TROSTEN: I don't see that the matter oflwhét
‘Westinghouse Electyic Corporation told the Atomic Eaergy5
Commission in conmmection with the formulationm of the
Commission’s interim acceptance criteriz is relevamt to the

line of questioming being dirscted to this witness.

CHAIRMAN JENSCH: You say you don't see any relevancys

th

%3




Misu3

1)
"
12
13
i4
15
18
57
18
i3
20

21

3303

MR, TROSTEN: No, sir. ‘

CHAIRMAN JENSCH: Therefore, you say it is
irrelevant?

MR, TROSTEN: Yes, I object teo the question as being
Irrelevant.

| CHAIRMAN JENSCH: Can you establish wour position a

1ﬁtt1e more tham theat?

MR, TROSTEN: I will try, Mr. Chairman. 1 believe

“that by stating that I feel the questicn is irrelevant, I

think, sir, it is incumbent upon Mr. Ford -- and stating it ‘
as I zlready have. -- it is now incumbent on Mr. Foxd te show
that it is relevamt. I will be glad to amplify.

CHAIRMAN JENSCH: ¥ don't want you to proceed on
an imprapeﬁ premise. Because somebody jumps up and says it
is irrelevant, even the statement of irrelevancy may be not
proper. So proceed with your statement.

MR. TROSTEN: I will proceed.

I feel that there is no issue, it seems to mé, @@reﬂ
sir, as to what has Westinghouse Eleciric Corporaﬁi@av&old the
Atomic Energy Commission. That ian’t one of the issues to be
determined in this proceedimg. I think that a line of
quéstioning that is addressed to the question of what has
Westinghouse Electric Corporation told the Atomic Energ
Commission 1 irxrelevant.

That is the reason why I am objecting to this

Skt S Ao e & S rn &
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question.

CHAZRMAN JENSCH: I think your statement brings
into issue a matter that we probably should discuss. That is
the scope of the imterim criteria in emergeacy core caciing,

Do those criteria exclude these matters, such as
the borated water and mixing vane grid, and water hiﬁting the
support grids and getting more water for coolant?

MR, TROSTEN: 1I didn’t interpret the question as
being directed to the question of what does the interim
acceptance criterla say. If I had intzpreted Mr. FQrd“ﬁ ,
§questicn relating to the issue of what do the itterim accept-
ance criteria say, 1 wouldn't have objected, My. Chairman.

CHAIRMAN JENSCB: If you will just discuss it with
me, 1f you will, r&gaxdléss of what the question is, bécause
¥ think your stateﬁent brings in an issue nf the cuestion bﬁ
the criterla. Do you believe that the interim policy state-
ment that emergency core cooling systems exclude credi¢ for
mixing vane grids, borated conlant and fallback of the wateyx
on the support grids?

MR&. TROSTEN: 1I°d have to go back and reread care-
fully Pazxt 3 of the criters in order to answer your quesiiana
T am not able to answer it at this time. T would just have to
go back amd vestudy Part 3.

CHAIRMAN JENSCH: That's my problem. It is not

necessarily excluded. It may be a factor in the judgments
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that were made to the recommendation made by the Staff com~
cerning thie matter. If it 18 excluded, definmitely, then I
think the cbjection is well taken and likewise these credits
that the witness is talking about should be excluded is
consideration. So it is eithex one or the other.
é MR, TROSTEN: Mr. Ford had explained to me, is

respouse to my objection, that what he was trying to show was

- that he was trying to decide what paragraph 7 of this seccion

»3

meant. Perhaps I would have understosd his poinmt. I dom't
know the answer ©o your question, Mr. Chairman. I'd have to,
go back amd look at it. |

CHATRMAN JENSCH: Will you do that and discuss it
latex?

MR. TROSTEN: Yes.

CHAIRMAN JENSCH: We will overrule the objection
for the time being. The witness mAy Answer, |

MR, MOORE: Wo.

MR. FORD: I haven't adjusted nyself to lisﬁemigg
to your tona Qf voice afﬁer listening to Mr. Trosten's.

MR, MOORE: The answer was mo.

MR, PORD: Is tﬁere snywhere among the documents
described inm your code calculatioms or in any of your
analycical reports and sco forth, is there anyuwhere the
seusitivity amalysis for the agssumptions of borated coclant

and in relation to maximun clad tempersture calculations
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presented?
MR. MOURE: Mo. It is just the comparison of heat

transfer coefficient im the FLECHT report.
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MR. FORD: We discussed the waricus sources of

uncertainty in the procedure relied upon to come up with the

max clad temperature of 2200 degrees Fahrenheit., One sécond,
please.

MR. ROISMAN: Mr. Moore, I have a question on this
previous set of considerations regarding the three factors
that you said would reduce the maximum clad temperature that
we are not taking into account. Were those factors capabla
of occurring in the FLECHT tests? In other words, is the
design of the FLECHT tests such that those particular ’
factors would have been present if they occur at allé

MR. MOORE: Two of the three directly, ves.

MR. ROISMAN: Which twe are those?

MR. MOORE: The borated water and the fallback.

MR. ROISMAN: How did vou exclude their effect on
maximum clad temperatures for FLECHT in determining what
should be the heat transfer coefficients?

MR, MOORE: We did not use the data obtained for

borated water or the data obtained under the test~up which

- gsimulated fallback. Neithar of those data was used inthe

calculation of peak temperature.

MR. ROISMAN: In other words, you ran a couple of
experiments, a number which isn't important at this point,
where you had borated water in them. And you have not in any

way included the results of the bhorated water enperinents
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i in coming up with the heat transfer coefficients from the
. 2 | FLECHT data, is that correct?
3' S MR. MOORE: That's correct.
. 4 MR. ROISMAN: And equally true of the mechanism that
5 would simulate fallback, not every test had that mechanism
6 in it, and the tests that did have the mechanism of fallback
7 in it, all the results of those tests were excluded.
8 MR. MOORE: That's correct.
9 MR. ROISMAN: Will it be clear if we look at the
10 FLECHT tests, will it show us which set of test results were

11 ongs in which the borated water was used or the failbhack

42 " mechanism was used?
13 MR. MOORE: Yes, I believe s0.
. 14 MR. ROISMAN: Is that on there? Is it Table 3.1

that lists all the various paramcters?

MR. MOORE: Yes. Pallbagck is indicated in the

15 R
‘“, remaxks column.
i8 MR. ROISMAN: VYes. I see that now. On the table.
19 What about the first effect of mixing grids? Wexe tests
20 run in FLECHT which had that effect in them?
21 MR. MOORE: Not directly. The flow blockage tests
22 were: interpreted with respect to expected performance of

‘ 23 mixing vane grids. -Mixing vane grids were not directly
24 simulated in FLECHT. )

' ; MR, FORD: As I study Table 3.2 of FLECHT data
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SUMMARY CF STAINLESS STEEL CLAD VARIABLE FLOW TESTS, almost

all of these, it's indicated in the remarks, this iz pays
3-7 of WCAP 7665 ~~ all but one of the items, two of the
items on this table,; have fallback. Am I to understand that
these tests which were the variable flow tests, that you used
no heat transfer coefficients from these tests?

MR. MOORE: That's correct.

MR, FORD: Am I to understand then that the heat
transfer coefficients you used derive from tests that have
ccnstaﬂt ficoding rates? : ‘

MR. MOORE: Yes.

MR. FORD: Now, to refer here with this addiﬁional
complication back to our original discussion of how the
poast-SATAN code Qrediated wﬁaé flow, what the flooding rate
was, and from whence you picked a heat transfe# ¢oefficientf
is the output of this code a single floocding rate o{ is it
a variable flooding rate?

MR. MOCRE: It's a variable flooding rate.

MR. FORD: So that deo I understand it correctly
that you take the variable flooding rate from the pust-SATAN
code énd when you go to the FLECHT data vou don't go to the
variable flocding rate FLECHT data but to the constant
flooding rate FPLECHT data. | |

MR. MOORE: That'’s correct.

MR. FORD: Can you tell me what statistical analysis
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you have performed on the sensitivity of maximum clad
temperature quench time and so forth in the FLECHT tests to
the use of constant versus variable flooding rate?

MR. MOORE: No. The constant -- you are perhaps
misinterpreting the use of the information. The constant
fiooding rate is used in a manner that you can effectively
Obtain the effects of variable flooding rate. This is
described in the June 1, 1971 report.

MR. fORD: Do we have that report, Mr. Moore, do you
know? | ,

MR. MOORE: Yes, you do.

MR. FORD: Is that one of the proprietary &ocuménts?

MR. MOGRE: Yes, it is.

MR. FORD: Now, in terms of taking the preéiction
of variable flooding rate that comes out éf the post-3ATAN
code and putting together heat transfer coefficients from
different constant flooding rate tests, can you tell me what
you do with the parameters of these different tests? Are‘
they simply disregarded and just talk about it in mean terms,
about the, you know, over a range of different pressures and |
initial temperatures and inlet cooling temperatures? ;You
simply talk about what the mean heat transfer coefficient
is at a given flooding rate, at a given point in time?

MR. MOORE: No. As'I understand the question, we,.

in vsing constant flooding rate information, we use that
g

"
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constant flooding rate information that is closest to the

actual conditions for the specific calculation.
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.MRe FGRDE Yes. But if the variable floeding rate
predicted by the code, for axample, predicted nine inches per
second for a certain number of seconds and 6,7 inches per
second for a certain number of seconds and then one inch per
second for a certain nuwmber of seconds, do you go to FLECHT
data that had nine-inch per second flooding rate and the
specific pressure and inlet temperature that are predicted
by the code that predicts the variable flooding rate and use
that specific data?

MR. MOORE: We take into account the effect of the
coolant flow that would have come in during the transient as =
function of the flooding rate during transient. This correc-
tion or correlation is described in the 6-1 répnrt I referenced
earlier.

MR. FORD: Can you tell me vrecisely where it's
deseribed in that 6-1-71 report?

MR, MOORE: Page 58.

MR, PORD: Now I preswume that you are referxring to
the equation on the bottom of Page 58, is that correct?

MR, MOORE: That'’s corrvect.

MR, FORD: Now dees that equation specify the other
parameters of the different FIECHT tests besides its flooding
rate and heat transfer coefficient?

MR. MOCRE: No. At this point this equation is

merely reflecting the total coclant inlet flow, the actual
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look at a certain anount of tiwme on the FLECHT data,."®

So that code says, “"Well, this is the point in time
that we should have as the time of reference,® and then we can
find the heat tiansfer coefficient responding to the time in
the data?

MR, MOORE: That's correct.

MR, FORD: What I am concerned with is that this
particular FLECHT bundle was run uadey certain'ﬁonﬁ@tionsw3 I
had an inlet coolant temperature condition., It had a pressure
condition., %t had an initial cladding conditicn and so forth.
&nd ©of course it also.had flooding rate, a constant flocding
fateo We are not using variable flooding rate, FLECHf test
data. What I don't understand, and it isn'i covered.in the
equation on Page 58, is how--all right. Onee you have gone
to the FLECHT data at the time specified by that eguation, well
how you then combine--all right, At that same time does the
heat transfer coefficient, does the heat transfer coefficient,
and there are any nuﬁberAOf other heat transfer coefficienté
at that tiwme after reflood, can you tell me how the algerithm
presented on Page 59 tellé us how to put all these together?
All T can see that algorithm is telling me is a point of tiﬁe on
the standard FLECHT test scale,

MR, MOORE: VYes, As I indicated the main effect on
heat transfer is the flooding rate itself, The parameters you

-

are talking about are the parameters such as pressuve, inlet
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mass of water in the core,

MR, FORD: Now can you tell me, the equation I am
loocking for is the one that tells me how you take the heat
transfer coefficients from tesis with Qifferent flooding
rates and use them in a situation that has a certain pressure
and a certain'cooling teﬁperature without in some way, some
statistical way, incorporation these parameters of the FLECHT
test heat transfer coefficients.

MR, MOGRE: This relationship defined on Page 58
determines where in time you go for the heat transfer co- ’
efficient for any given flcoding rate., As you dbservé in the
FLECHT curves, flocding rate varies with time. 'With a con=-
stant flooding raite you get variable heat transfer. This
correlation tells you where to go fox éhe heat trénsfe; at a
given point in time and that then we incorporafe the pressure-
temperature effects, These two figures that I have drawn here,
I'd like these to represent the form of the FLECHT data;

FLECHQ tells you for different times after the
beginning of reflooding what the heat transfer coefficient is,
and I represent hgre two h?pbthetical heat bundles which have
different heat tré#sfer coefficientslas a funetion of time.

Do ; interpret the equation on Page 59 correctly in that what
it tells us is it says, “Now we want a heat transfer coefficientl

We want it for a certain flocding rate, variable flooding rate,

which means that with that amount of flood Pehind ue we shou1d
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témperatuzeg clad temperature, which we observed in the FIECHT
results weren't significant effects on flooding rate when we
saw the curve, for example, for é one«inch-a-second flooding
rate, And you could lay in this region the curves, one on top
of another,.énd then later on intended to diverge,

So the firét point is that the parameters that we are
discussing here that may change the heat transfer coefficient
do not change it significantlyo The approach to use would be to
take a curve for a--if I am locking for a flcoding rate of one
inch a second, I have a curve for constant flood rate of heat
transfer at a given temperature-pressure and clad temparature,
T would pick‘the curve which most nearly represented the con-
ditions in the reactor.

But the initial clad temperature ai this point in
time is 1650 degrees and I have a run at 1620, I take a run at
1620 degrees. The results show that a run for a higher or
lower temperature really isn't much different. I pidked the one
closest to it similarly for pressure.

And the correlation says that the heat transfer at
any given flooding rate is a function of how much water you
put in the core and that is what this time shift is doing., It's
sa&ing, "T'm equivélent to that pbiﬁt in tiﬁe of this flooding
rate because I have put a certain amount of water."

You can obsexve the effects of thié by takiné a

different cur¥e of heat transfer versus time at the same
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flooding rate, at 2,000 degrees. If you go into this cor-
felaﬁionu if you go into the data then at 2,000 degrees, you
will find very little difference in heat transfer coefficients
because that was not a significant parameter.

A second test of this would be to use the correlation
of the deta which attempted tovempirically include all these
parameters even though they weren't significant and go directly
into that and generate through the correlation a constant
flooding rate heat transfer. Versus time and then go into that

Curve o N 3
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MR. FORD: It is fairly clear to me what the optioﬁs
are. There are a variety of things like this that we can do
to get the right heat transfer coefficient. For the recoxrd,
the first thing I am concerned with is exactly whicﬁ of the
various methods do you use for the calculations for Indian
Pointé

MR, MOORE: The method used for Indian Polint 2 was

~to go into the data for conditioms that most closely represent

the cornditions predicted for the reactor. So we will go into
the temperature pressure conditions data set which mostly are
represented as Indisn Point.

MR, FORD: The alternative of relying on the general
correlation analysis for all of the FLECHT test data; that is
the main alternative, and that isn’t what you dide

MR, MOORE: ©Not specifically for Indiam Poimt. We
have used it on others. There really isn't much differemce
between them in the result.

MR. FORD: So that really, in order to assess what
the quality of this-procédure is, we have to know two things:
First of all, we have to have some flrm statistical evidesnce
on the hypothesis that these curbs are similar enough in
general so that you don't introduce any great errors in doing
that.

The second thing we have to know is that im terms

of the generally usefulness of the code, that there is encugh
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data for the different parameter combinations such as whenJ
we looked for something, we will find it. The secdnd-@ueétion
is an academic ome. I wonder if you can answer that firsts |
simply, and then we will go into exactly the more substéntive
Qne, the Indian Point 2. |
f MR, MOORE: In myopinion, as I undexstood the
éuéstion, there was data closely representative of the Indian
Point situation. We weren't out of bounds on the pa%ameters
uséd. |

MR. FORD: The first part of my questiom was, whag
firm statistical evidence do we havelthat indicaﬁes;
putting together all of the factors that influence the beat
transfer coefficient, what statistical evidence do we have
that even after putting them all together, if you only do the
analysis in terms of flooding rate, you won't be making more
than a few per cent error? The rest of thé factors.are
irrelevant.

MR. MOORE: Just a comparison of the sensitivitonf

the heat transfer im the region of imterest. T want to stress

- the region of interest.

If you look at the variatioms of that heat transfer
with pressure, temperature, you find it insensitive for z2il
the conditions that were examined im the FLECHT program.

That is the basis.

MR. FORD: I can think of 2 very simple way te do
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| that, namely, if you take the heat transfer coeffxcient and
you set it equal to given polnts in time, equal to floddimg
rate plus am error term, and you do a regression ana1§éis in
'qhis form, it will give you a coefficient for how muchf
flooding rate expléihs all this. It will tell you what éhé
statistical significance of the relaticn is, and it will
answer clearly and preczsely whether or not the error term9
everything else 1s important relative to the floodlmv term.

My questxon is, is it correct that this kind of

simple regression amalysis would easily answer the qqestionsJ
is flooding rate the main determinant and such a large deter-
minant that everything else may be forgotten? |

CHAIRMAN JENSCH: Are you asking him to agree to
that?

MR, FORD: Yes. I am askimg him to agree vhether
this simplé regression analysis is a simple straightforward
method by which we can answer the question as to whether or
not his hypothesis is that if you just put your mind om flood-
ing rate, you have a high prohébility of getting the ﬁhing
right, and if you bother to consider everything else, you are
mt going to improve probability of getting things right
significantly.

CHAIRMAN JENSCH: Do you agree with that approach?

MR. MOORE: 1In theory, yes. One has to be careful

about where in time we are now with respect to the parameter
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selected.

CHAIRMAN JENSCH: Thank you.

MR. FORD: Put in, as you remember, as I was writing
this, the assumption that all of this is at time t. So given
that assumption, we agree on the method.

Now the question is, did you actually use the simple
straightforward method, and cam you give us the results?

MR. MOORE: WNo. The simple straightforward method
we used was to look at the data directly, and by inspection

agscertain the sensitivity.




OWml

iQ

it

12

i3

14

|12

16

18

8

Z0

21

22

3321
MR. FORD: So in terms of the application of

statistical techniques, simple straightforward application -
of statistical techniques, that you did not perform other
FLECHT data?

CHAIRMAN JENSCH: Is that correct? Is that ydur
question?

MR. FORD: Yes, is that correct.

MR, MOORE: That's correct.

CHAIRMAN JENSCH: If you are running out of paper,
you can turn the whole mat over and use the back side. y

MR. FORD: I have discovered that this has been
done before. We are already on the back side. I found a
moderately clean one.

MR. TROSTEN: Mr. Ford, if you need more paper, we
will undertake to see if we can find some more.

MR. FORD: I appreciate it,

i am concernednto find out what the statistical
validity is of the calculated maximum clad temperature of.
2300 degrees Fahrenheit. I am trying to indicate on my |
diagram that the 2300~deéree figure is a product of a #ariety
of computer codes working together.

Is it correct simply in terms of the construction
of a computer code, that there are essentially four possible
areas for error, the first being errors in measurement of

the data going into.the computer code; is that correct?
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MR.MOORE: Yes.

MR. FORD: The second possibility of error is error
involved in the derivation of empirical correlations between
the data; is that correct?

MR. MOORE: If used, yes.

MR. FORD: The third possibility of error involves
the pitfalls of model building. Is it correct ﬁhat the
uncertainties involved here relate, first of all, to thg
possibility of there being total areas in which there is a
lack of general basic knowledge? ' :

MR. MOORE: Speaking in general terms,; yes.

MR. FORD: Ig it the case that another aspect of the
uncertainty of model building is the uncertainty involved in
simplifying the phenomena for calculational purposes?

MR. MOORE: That's another possibility of error.

MR. FORD: Finally, is the over-all use of the model
subject to calculational errors due to the nature of the
approximations that have to be made to put these models on
large computers?

MR. MOORE: I wouldn't want to nitpick, but I guess
I could consider that as part of the errors in the models,
&es,

MR. FORD: Can you tell me, in terms of the data
that Westinghouse Corporation has put on Fhe record here, |

whether in each of these areas we can go and find documents
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where you explicitly evaluate all of these different areas
of uncertainty as they relate to the calculations you
performed Of maximum clad temperature for Indian Point 2?

MR. MOORE: That's the basis for the assumptions,
and the analyses are described in our reports for'the key :
parameters. They are indicated.

MR. FORD: I am concerned with uncertainty analysis
of these different possible areas of uncertainty and thé
whole process. I know you present your assumptions and say
this is our assumption, and we believe it. But do you 4
perform along the way rigorous statistical analyses of the
uncertainties involved along the way?

MR. MOORE: For example, what rigorous statistical
analyses would you make of the assumption that we throw away
the accumulator water during blowdown?

MR. FORD: I think what would be involved there
would be a sensitivity analysis such that you would have
your model predict the correlation between accumulator water
in general and all of the other parameters of intfrest, and
these kind of calculations which show you the uncertainties
involved in max clad temperature. For ekample, tﬁe queétidn
of throwing away the accumulator water. There is a point of

conservatism involved there in that it delays the time to

flood. )

There's a time of nonconservatism involved there in
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thé sense that the water thrown away is water which could be
generating steam and causing metal-water reaction to steam
binding at an earlier phase of the accident.

Irrespective of whether you accept the specific
premises that I am talking about and making, that the
accumulator actually cuts both ways as a conservative or non-
conservative assumption, that is the kind of reasoning I am
talking about‘with regard to that assumption that could be
made to determine the uncertainties in your calculation.

MR, MOORE: I don‘t see how that has given me a
handle on the uncertainty in the calculation. That is a

sensitivity study.
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MR. FORD: Oh, yes. I am not trying to say tchat
all of the uncertainty analysis is analysis of.F statistics
and T statistics. The uncertainty analysis there is this:
What you do im one case is, you compute what the max clad
temperature is under assumption 1 about accumulator water.
¥cu can compute what the max clad temperatures are about
éssumption 2 of the accumulacor water. So if it is sort of
arbitrary how much accumulator water you keep and how much
accumulator water you throw away, you know from these caleu-
lations how you are influencimg the maximum clad temperature
by this precess. So it gives you a range of maximum clad
temperatures associated with the ramge of uncertainty and
how much accumulator water you will assume.

MR, MOORE: That seems to me a question with respect
to sensitivity studies. Sensitivity studies are performed.
Another example of an assumption that goes in the code is,
during the reflood phase of the accident, the reactor cosclant
pump rotor is assumed to be locked. What uncextainty should
I apply to the assumption that the rotor is locked?

MR. FORD: Ob§iously not .

MR. MOORE: lIn fact, I don't expect the rotor to be
locked. If I do a calculation with an unlocked rotox, I get
a lower clad temperature. That is a sensitivity study. But
you are asking me then to quantify a statistical uncertainty

with respect to 2300 degrees. I awm having difficulty with
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the assumptions that ome is forced to make in the engineering
sense, that that is not a pure delineation or an easily
obtainable parameter.

MR. FORD: I think the mature of my delineation in
the various areas of uncertainty are -- I am mot trying to
indicate that all of the uncertainmty is resolved by a single
tool. The uncertainties with regard to empirical cowrelatiocn
there analyzed by the variety of statistical indices. With
regard to assumptions, not with regard to -- with regard to
whether or not the assumption is influential orx important.
So you put a handle on that by way of sensitivity analysis.
| My question concerrs the extent to which vou have
taken the various areas of uncertainty and rigorously amalyzed
them by whatever means are necessary.. What I am wondering is,
can we go, for example, through your various analyses of
uncertainty, and instead of taking 2300 as a single scale
comes out of the computer at some point, can we use your
uncertainty and sensitivity analyses to predict a statistically
more valid range for the expected value of maximum clad
temperature?

MR, MOORE: I don't know. |

MR. FORD: But is it your understanding ihat in cerms
of the materials that Westinghouse has put on the record in
support of its calculations of maximum clad temperature, it

has never put them in the form of a range such as this that
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3  reflects the result of comprehensive and systematic analyseé
2 of the accumulation of uncertainty im the entire model |
3 building and calculational procedure?
4 .' MR, MOORE: I don’t know if there is any one place
5 Where this is pulled together. What you normally sée are the
S ﬁarametérs which must directly affect the temperature, and
7 aAjustification to ourselves and to the AEC ithat we have
8 properly selected those parameters that we do not expect the
9 clad temperature to be higher with respect to those paraméterﬁ,
10 You will see in the documentation of the loss of coolant
19 analysis various discussions in support of the agsumptions
12 made of the particular parameters, with the intent to show
12 that the parameters we have selected are in the direction of
14 increasing clad Eemperature when we are considering possibie }
15 uncertainties. ' ‘
L MR. FORD: I am aware of the fact that you make
17 attempts to justify parametezs by a éériety of arguments.
18 What I am looking for is something that parallels our analysis
19 earlier o§ the uncertainty involved in predicting a baseball
20 game. Was it clear to you from that analysis that a result
2t of the uncertainty analysis had a much higher probability
22 than the result that you get simply by adding up separate
23 predictions with no consideration of the uncertainties in-
24 volved in the things that you are adding?
2s. MR. MOORE: If I knew the uncertainties in your
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ballgame discussion and it was important tb me to determine
the maximum number of runs that would have been scored, then
I can add up the expected plus the uncertainty and I get the
maximum number of runs; is that correct? |

MR. FORD: VYes.

MR, MOORE: That is a correlary kind of approach
that 1s used here. If a specific parameter cam be selected
or if there is an uncertainty in a parameter such as accuwu-
lator bypass during blowdown, then where a situation has to
be made as to how much water will be bypassed, I take the

:fiye rung plus two rather tham plus oxr minus 2 for an
:assumption. So the approach is not one of trying to determine
a best estimate temperature and them locking at uncertainties

to either side of this best estimate temperature.

MR. TROSTEN: Mr. Chairman, may I confer with Mr.

- Foxrd for a moment?

CHAIRMAN JENSCH: Suvely. It is almost three
o'clock and it is halfway -to.. . the time that we are con-
sidering terminating the public hearing today at four o’clock.
Maybe this wiii be a §onvehieﬁt time for a recess.

MR, TROSTEN: That will be fine.

CHAIRMAN JENSCH: At this timé let us recess and
reconvene in this room at 3:05.

{A short recess is taken.)
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CHAIRMAN JENSCH: Please come to order.

I understand that you were having a conference at
the close just before the recess.

MR, TROSTEN: Yes. We have concluded the conference
and Mr. Ford is prepared to proceed.

CEATRMAN JENSCH: Very well. Mr. Witness Moore has
resumed the stand. Are you ready to proceed?

Pleasé do.

MR. FORD: 1In several of the models that you used
to analyze the emergency core cooling situwation, the models
themselves are built up from experimental data, the experimental
data is reduced into empirical correlations and then these cor-
relations are used for calculational pﬁrposesa

Now let’s suppose in what.I call here Model 1,
computer code 1, now let us suppose that we looked at the
empirical correlation that vyou used and let's suppose that the
R2 was equal to .333. Nawais it correct that the R2°'s value
of .33 is an index of the per cent of the variance of your
dependant variable that can be explained by the factors you
propose?

MR, MOORE: Yes, statistically, just by the factors
you happen to have selected.

MR, FORD: So this means that roughly speaking if
you have your set of data, you draw this regression line fhrough

it, that 33 per cent of the time you hit on the nose and that
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PiBt2 66 per cent of the time the points lie at Qifferent distances

2 away from the line you have predicted, awvay from. the pre'd.ietions
3 || that you have made, is that correct? |
4 MR, MOORE: Yes,

5 MR, FORD: Now let's suppose further that fnre wanted

8 to get straight on all of the empirical correlations that we

7 use and go £roan model to model{, we lock at the data that the

¢ || model relies on, we look at the empirical correlation and we

9 || ascextain what its statistical validity is, | |

10 Here I have j.ndicated that in Model 2 the correlation

11 || coefficient here is .98, which is very good.
12 MR, MCORE: Could I ask a guestion?
13 If I have an empirical correlation I may not be
‘ 14 interested in fittin_g that correlation to get a besf estimate

5 or amn exact prediction of the parameter. Let us suppose I just
16 want to determine an upperbound for the 'parameter,. that the

17 particular parauéeter at those givéh set of cbndi.t:i.ons will not
18 | be exceéded. I don't believe in that case the RZ has any sigﬁi-

19 ficance at all, because éhe K2 is a measure of my prediction foy

o3

20 an exact value, ccmpared to whaf the data shows,,. is that co’?’rect
21 N ‘ .MR. FORD: I think that that is correct in the}sense
22 that there are a variety of things you can do to your da-i:a: |

‘ 23 besides correiate it. VYou might simply want to say, "Let me
24 | look at the range of the data and Y want to find out what was

‘ 25 the largest pressure I observed under all the experiments ¥
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tested."

You say, "Fine. You look at the data. The largest
pressure was such-and-such.” |

So sure, you can reduce data without doing corgglation
analysis, I am simply talking that in the main in éerms'délthen
say putting tcgethér FLECHT test data, putting tcgether burst
test data and so forth, what you are mainly doing, as I under-
stand it, is trying to put it together statistically and in a
nunber of cases you o report R2's and so forth.

MR. MOORE: In very few cases, ‘ )

MR, FORD: But in other cases--let’s talk about the
other case that you are discussing. You Simply'ﬁave a set of
data and you want to £ind out what the bounds are and you

simply, you know, just to find out what the point is furthest

So that gives you the bounds.

Now is it not correct that the uncertainty analysis
is a question of trying to figure out whether you have enough
points, enough observations to justify the bounds as the bounds?
Is that correct?

MR. MOORE: Yes.

MR. FORD: So that even though there are situations

in which you are judging your data, in the other situation which

you proposed there is still statistical guestions about the

size of the sample and its sufficiency, and so forth, is that




corréct?

MR, MOORE: Yes,

MR, FORD: Now let's say thmt we went through all
of your models and we collected all of this data on the various
forms of uncertainty of your empirical correlations. It would
then be possible, would it not, simply as a function of the
empirical correlation, to determine what the uncertainty was
of the finél result of all of these models, forgetting about
the uncertainty in the assumptions and calculational procedures
| and so forth, ’

We could simply figure out we have ranges here, we
have all the data on the size of the standard deviatibn as
related to the mean, The influence of specific variant P and 7T
tests and 21l of this., So that we could go through and using
the ranges, the probability ranges indicated by these stafis-
tical tests, we couid go through, could we not, and do some-
thing in the same spirit as we did with the baligame and come
up with a range of predictions for the maximum clad temperature
and assign to it a probability based on analysis of the
prdbabtlzty data and the various empiriecal correlatlons, is
this correct?

. MR, MOORE: I suppose theoretically that sounds 1like

& very complicated process.

YMR. FORD: Can you tell me whether this process, how-

ever complicated you regard this statistical analysis, can you
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tell me whether you have done this and whether, thereforég you
can give us a probability, a range of predictions for max?clad
temperature, and sign a probability number to it?

MR, MOORE: I indicated earlier a range for thei
sensitivity I expected, and that was I didn't expect ﬁhe ;
temperature to go above'2300 degrees, and in fact it ©ould be
as much as 800 degrees lower. I would not be in a positién to
define a probability for that. | %

One of the difficulties is you have apples and ;
oranges here as you go throuéh your amalysis and that theipro7
cedure used in doing the safety analyses is to apply,‘takéng
basic data that’s required in order to make an assumpﬁioné and
apply this data in 2 manner tﬁat will, based on sensitivit%
studies, tend to increase the clad temperature and then se;
reasonable conservatisms on there. §

The approach that you are talking.about, I think,
would be more applicable and perhaps more direct if I were%to

take each of my parameters and assumptions and determinelag

best estimate for that, with a variance around that best e#ti-,
i

i:
+
T

mate, and combine all these statistically and get a best

estimate temperature with plus or minus uncertainties.
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MR. FORD: I see.

Is the logic of your argument following: That since

with respect to max clad temperature, therefore all the un-
certainty that does result is in the form such that it's
all =- the only direction in which you'd correct your
pfediction would be downward?

MR. MOORE: Well, I will gquarrel with your charactey-~
ization of the word worst. We assién assumptions for the
parameters in the direction which will increase the clad ’
temperature. As an example, the discharge coefficient
assumed. |

MR. FORD: As an example that we mentioned earlier,
the heat transfer coefficient,.you indicated earlier that it
had an uncertainty of plus or minus 10 per cent. Yet on the
other hand you don‘t, in terms of the range of that variable,
the.highly probable of between 90 per cent and a hundred
per cent of what the actual number is on the graph ~- am I
orrect that you do not hake the assumption here when you

plug that heat transfer coefficient into your calculations,

don't say, "Well, it may be .9 instead of 1 and therefore
to be conservative we will use .9." You don't do that in
this case, do you?

MR. MOORE» That's a yes and no answer. Perhaps
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yoﬁ may argue my semantics, but I look at the reflood heat
transfer part of the transient as an integrated evaluation of
flooding rate and heat transfer associated with the flooding
rate. So that I have selected the parameters that go into
the analysis to minimize the flooding fate, which in itself
minimizes heat transfer, and as you indicated I have gone
diréctly to the FLECHT data without an additional, an
additional now uncertainty.

And one of the reasons I feel confident about that

is, as we mentioned earlier, the more significant effects, .

. the effects of mixing vane grids, which I cannot truly.

quantify, so that that's why that's not incorporated. But I

hope you understand the philosophy that's used.

MR. FORD: Well, as I understand it, you are trying
to say that -- first you indicated that the reason tha£ we
don't have to do this uncertainty analysis is that we always
make the assumption when we have é choice of aBsumptions that
gives us the highest max clad tempe;'ature° And now you are
telling me, as I understand it, that, well, there are a
number of parameters relevant to this. One of them is
flooding rate. One of them is heat transfer, and so forth;
And they say, "You make the qonservative assumption with
regard to flooding rate, pfesumably with regard to a number

of other things,"but'now we come along to the heat transfer

coefficient and you say, "Well, we have already been
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conservative enough, terribly conservative every place else.®
So that we don't make it here.

Now, my concern is that in terms of things you
refer to such as the effect between mixing grids, whatever
term you used --

MR. MOORE: Mixing vane grids.

MR. FORD: Mixingwane grids. You refer to this
term and you say that's a credit we could take¢ but we don't,
yet in answer to my question you indicate that there was
insufficient data. That's why you don't téke the credit. -

MR. MOORE: That's not what I said. Perhaps I can

‘clarify it. I said we did not have data from the FLECHT

tests for mixing vane grids per se in order to precisely
quantify the benefit. The fact that there is a benefit, I
believe, is beyond dispute. That it is determined by the
fiow blockage tests that have been run, both in FLECHT and
other facilities, the point being that the mixing vane grids
have an effect of.a reduced area at the grid, which is 1ike
a flow biockage efféct, and that is my basis for making the
point.,

MR. FORD: Now, yvou contend that it’s undisputed,

you know, by professional nuclear engineers, it's undisputed

that such mixing vane grids improve heat transfer.

MR. MOORE: Is that what I said?

MR. FORD: I believe so.

-
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MR. TROSTEN: Do you wish to have your statement
reread, Mz, Mbore?

CHATRMAN JENSCH: I think the question is he says
it's without doubt. I suppose he should identify without
doubt to whom. I think that would answer the guestion.

To whom did you refer when you said "evervbody's in
agreement about this mixing vane grid?” Everybody in
Westinghouse or evefybody in Westinghouse and General Electric
and Babcock and Wilcdx and Western Engineering? How many

come in on this? ’

MR. MOORE: I was referring to the test results that

blockage there is an improvement in heat transfer due to
breaking of the water_&roplets. That's my reference. It's
an observed effect. And thai(same effect would come into

play with the mixing vane grids.
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performed without mixing vanes. That’s my basis for the
conservatism., _
CHAIRMAN JENSCH: When did you learn that the £low
blockage was working so well that you didn't have time to
work it imto the FLECHT tests?
‘MR, MOORE: That's zight. The flow blockage tesis
were done late in the FLECHT program. |
CHAIRMAN JENSCH: Very well. Thank you. -,
MR, FORD: I think we are golng to move on to some

other areas. There are a few small questions that f had in a

few dissimilar areas, that I just wanted to go to my'ﬁiscellanw

eous collection.

Is hypoiodous acid, that is HIO formed in significant
quantity within the reactor for containment during the loss of
coolant accident?

MR, MOORE: I pass.

MR, TROSTEN: Mr. Ford, I believe, I think Mr.
Roisman will confirm this, that we went into this at some
length with Mr. Fletcher,-perhaps? and Mr. McAdoo.

MR. FORD: I am not talking about the formation of
methyl iodide.

MR. TROSTEN: Am I correct, Mr. Roisman®

MR. ROISMAN: Yes. I am explaining to Mr. Ford so

i 3
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1 » | MR, FORD - Is the grid that you used in the ﬂow
. 2 blockage test, that's an example of a mizing vane grid?
3 MR. MOORE: It's an example of a reduction in flow |
4 area at a specified limitatio.n. |
. 5 MR. FORD: I see. And it is similar enough to é.
6 f;_zixing vane grid such that the improvements im the heat |
7 transfer that accompany the atomization of the coolant from
8 | . that blockage grid, would you alse expect that from the mixing
] vane grid itself?
10 MR. MOORE: If you look at a picture of a mixing .
11 || vane grid you will see how the nixing vane fingers protrude
12 into the coolant stream. We are talking about the same kind
13 | of effect with respect to breaking off the droplets and
‘ 14 causing improved heat tramsfer.
5 MR, FORD Can you tell me if such grids have such
16 improvements on heat transfer why they aren't im the reactor
17 as normal equipment?
18 MR. MOORE: They are.
19 . MR. FORD: The kind of grids you use to simulate
20 flow blockage?
é'ﬁ' MR. MOCRE: You are confused. I said the flow
?2 blockage simulation indicated the effect of a reduction in
‘ 53 .flow area. This effect was to break up the water droplets
74 and im;prove heat transfer.
‘ 25 I then indicated that a mixing vane grid as -used
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that I maké sure that he and I are after the same thing.

MR, FORD: I withdraw my miscellaneous question.

I am informed that everything I want to know about it is om
the record.

I'd like to turn then to some questions about
blowdown. If I understand your blowdown calculatioms; you
used two models to understand and to compute max flow, is
that correct?

MR. MOORE: Yes. Maximum flow through the break?

MR, FORD: VYes.

MR. MOORE: Yes.

MR, FORD: Now these two models apply to different
assumptions you made about the nature of the coolant at that
stége of the accident. Can you tell me in terms of~time your
assumption about the saturated coolant and your assumption
about subcooled stage? Can you tell me what fraction of the
blowdown from thé guillotine break, wﬁat fraction éf the
blowdown involves subcobled liquid and what fraction involves
saturated liquid?

MR, MOORE: 1In gemeral, yes. The subcooled phase
of the blowdown occurs over a range of time in millnseconds.

D e oy

1 don’ t lnow if ic' s important, but 30, 40 something milll»

. seconds. Various fractions of the second. Then you are into

saturated blowdown and you are into rather high quality

saturated blowdawn, again in the order of milliseconds3 and
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that gives you a scope of the time involved. The majority of
the blowdown i3 obviously saturated blowdown. o

MR, FORD: Can you tell me in terms of the experl-
ments that have been performed to amalyze the quality of
discharge from blowdown, can you tell me whether these experi-
ments have confirmeq that analysis or whether anomalous

discharge conditions have been observed?

MR. MOORE: Well,.in the application of the reactoxr

calculation I think the experimental data confirms_the
coirelations used. There have been some experiments which
indicate higher blowdown rates. For example, compared to the
Moody correlation. But these higher rates occur over a very
low quality.' The quality is less than 10, 20 per cent.

These qualities, we ére beyond that quality. We have higher
quality than that in a very shoft period of time¢ Again,
millisecond kind of times. So that T believe the approach
we used, particularly with the discharge confficiemt in the
analysis, will overpredict the discharge.
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MR. FORD:. Is it correct, in‘terms of the equation
you use for mass flow per unit area, that the pressures in
the system that determine this, these are all fixed? The
primary determinant -- I mean fixed at the instant of
blowdown. The primary determinant of the mass flow is there-
fore the density of the fluid; is that correct?

MR. Mob 5: It is a function of temperature,
Density is a function of temperature, yes.

MR. FORD: Is it correct that the density of the
subcooled liguid is two or three times the density of the
saturated flow?

MR. MOORE: Yes.

MR. FORD: So that in terms of the standard mass
flow equation, if you wanted to relate mass flow to the
assumption you make ébout the quality of fluid, the main thing
you would 58 doing is changing the density paraméter of the
mass flow equation so that the mass fiow itself would vary
as the square root of whatever your adjustment factor is for
densit&?

MR. MOORE: I am lost in the question. In what
direction are we going?

MR. FORD: I have written up the equations. Maybe
I can show them to you. It might help°

MR. MOORE: Yes.

MR. FORD: We will let everyone see what we are
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agreeing to. I should put this up. We are talking in a
simplified case here about discharge from a pressure vessel
to a rupture. The pressure inside the vesse; is inside, and
the pressure in the containment here, of course, is p outside.
The equation for the conservation of energy we use here is
this, which gives us a mass flow equation of density times
velocity. The point being, as Mr. Moore and I héve agreed,
that as you change the density, as you increase it from, say,
the density of the saturated discharge to the density of the

subcooled discharge, the entire mass flow here increased ;
’ \

~ by the square root of whatever factor you plug in as the

difference between the density of the discharge.

In terms of any assumptions we might make about
the nature of the discharge -~ we assume that most of it is
saturated and a tiny bit of it is subcooled.

MR. MOORE: That's not assumed. We calculate that.

MR. FORD: You calculate that?

MR. MOORE? Yes.

MR. FORD: Am I correct that if we had more sub-
cooled discharge and less‘éaturated, that we would be

talking about an increase in the mass flow rate by the

factors indicated here?

MR. MOORE: With one complication, the fact that

for the geometry indicated and the situation of the reactor,

we have critical flow existing at that discharge.
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MR. FORD: I am trying to simplify it to this
simple model without ali of the complexities of the actual
blowdown,

MR. MOORE: If the question is, do the subcoolead
-blowddwn rates, are théy greater than the saturated blowdown
‘rates, the answer is ves.

MR. FORD: Are you aware of the various observations
that have been made in blowdown experiments of the presence
at times when two phase flow was expected of a metastable
equilibrium of the discharge that behaved as a subcooled ’
liquid and had the density of a subcooiad liquid?

MR. MOORE: Yes, in general.

MR. FORD: Can you tell me, in terms of the thermo-
dynamic analysis that you have performed, whether this is
anomalous or whether this is praedicted?

MR. MOORE: The analyses we perform assume homo-
geneous conditions in equilibrium.

MR. FORD: Is it correct that if you used non-
equilibrium assumptions, that yoﬁ would predict this kind of
ﬁetastable state of the liquid with the higher density than
a two;phase flow and thus a higher mass flow rate?

MR. MOORE: I understand there is a lot of
discussion in that field by those who specialize in that field

as to the true significance and relevance of this metastable

situation., As I understand, it can be involved in discussions
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. 3
of nucleation rates and bubble formation and even just

temperature gradients in a pipe. In any event, it is noﬁ
clear that a nonequilibrium model -~ attempts have been made
with a nonequilibrium model to simulate this. I believe in
one particular case it did not correctly simulate the effect.
In any event, it is not a significant effect with respect, to
our application, such calculations.

MR. FORD: I am interested in a few things that‘you
said. I realize it is a very open kind of question as tolthe

precise significance of this metastable ayuilibrium. What I’

: am, concerned with is, whether you have prepared or Westing}

house has prepared any analysis which, in terms of the
available data on this, would justify the specific
assumptions that you make. You make the assumption it does
not occur. I am wondering whether you can justify that.

MR. MOORE: I didn't make the assumption it doesﬁ‘t
occur. I said the occurrence of it is not of significance{
in the analyses performed. Comparisons of our analyses hav;
been made against Howdown experiments with reasonably good
agreement.

MR, FORD: What I am concerned with is, you say
&ou assume it doesn’'t occur. It isn't explicitly disregardéd,
this particular state, is it? I am wondering whether you
have specifically been able to justify, in terms relating

the not just general conformance of the models for blowdown
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expeiiments, but whether specifically in terms of the
anomalous data in those experiments, whether you specifically
related your medels to that?

MR. MOORE: No. It is more of a purist problem
than an engineering problem.

MR. FORD: Isn't it an engineexr's problem in the
sense that you can get a significant increase in the mass

flow rate?

MR. MOORE: No, not of import during the subceooled
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MR, FORD: Can you tell me where fou presented your
analysis of this phencmenon ?

MR. MOORE: You mean blowdown analysis ?

MR, FORD: Your analysis of the metastable states of
therliquid and why you ¢an make assumptions you make and why
it is insensitive to interference from such phencmena,

MR, MOORE: Yeég vIn the WCAP that I referencedw-I
don®t know when it was, mavbe last week., That was 7015, I
believe, It is 7401. Excuse ne,

MR, FORD: In terms of tﬁe isotherm that i had put |,
on there earlier this morning, do vou recall that? Do you
Still have the picture?

MR, MOORE: The isotherm?

MR, FORD: Yes., I will.chow yoﬁ the picture,

MR, MOORE: I think I have taken your paper away.

CHAIRMAN JENSCH: It is on the floor.

MR, FORD: As a matter of fact, it is a lot easier
to redraw it,

In terms of the isotherxrm represented here as Eﬁé
ideal gas, is this the shapé of the isotherm that you assumed
governs the behavior of the coolant during blowdown?

| MR, MOCGRE: WNo. ‘The behavior is determined through
the empirical corzelatioms that are presented in the report.

MR. FORD: I am talking theoretically in ternms of

the discharge eguations that yvou use, what assumptions do they
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make about--my understanding of the assumptions that you make

is that as you reach saturation temperature here, you ecan

simply decrease the guality at the same temperature at the same

pressure., 1Is that an assumption behind your calculation?

MR. MOORE: It iz a transient calculation. We are
decreasing temperatures and pressures throughout the transient.

MR. FORD: Do you understand, in terme of van der Wal
eguation, do you understand how this region here describes the
metastable eguilibrium wherein the coolant is below this
saturation tempeﬁature here. It still has the density of the
subcooled liquid rather than the density of the two-phase
mixture?

MR, MOORE: I'm not famiiiar with that aspect, no.

MR, FORD: Am I correct that in terms of the analysis
that you present of blowdown, that your main point is that your
calculations of blowdown agree with blowdown experiments, and
that whatever the theory is about the nature of metastable
states of the coolant, that is irrelevant?

Is that the level on which, you know, you are
supporting your position? Is it simply that the empirical
correlation of your model to the biowdown experiments supposedi
works, and therefore what the theory in depthr is and what
assumptions you have to make for negative pressures here, that
all is irrelevani?

MR, MOORE: I don’t know if I should even respond

1's
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directiy to that kind of a question, but I will anyway.
Number one, our blowdown analysis do not in fact
correlate to blowdown tests because our bilowdown analysis
indicate higher discharge flows than any blowdown tests that

have been performed using our discharge coefficients of 1.0,

Point number two, we have experts back at Westinghouslke

who spend a lot of time looking at these correlations. They
have evaluated them., fThey are aware of the theoretical
experts. We ave big boys. We got a big company. We know what
We are doing here., 'The upshot of it is that when you'look at
the data that is présented in the June 1 report beginning on
Page number 35, there is a detailed discussion of the blow-
down assumptions made both subcooled and saturated,

BR, FORD: I don‘t mean %0 offend you--

MR, MOORE: 1I'm not offended.

MR, FORD: It may indeéed be the case that one <an
prescind from all o these gompéxities and simply say, well,
it works., But my concern is«-I just want to understand that
that’s the position and that’s the position, anﬂ\then we gimply
go On--

MR, MOORE: Perhaps if I can'understand your concern,
i could be more responsive.

MR, FORD: Can you tell me in terms of your experi-
ment confirmation of your blowdown modei, that I note that

you list in the references in the June 1971 report, the report
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of Battelle's blowdown experiment study as your first referencd
The document is entitled, "Experimental high enthalpy water
bilowdown from a simple vessel through a bottom cutlet,®
Is it your submission that the experimental data
presented here presents confirmation of the blowdown analysis
that you rely on at Indian Point 27

MR, MOCRE: Yes, as described on Page 36 For dif-

. ferent blowdown cases. We compare the measured discharge rate

to the discharge rate that would be predicted by the Moody

correlation that we use, and show that in order o properly

or accurately predict the discharge rate in the test, you have |

to multiply the Moody rate by a factor of .48 or .37.

MR. FORD: Can you tell me, in terms of the experi-
ments reported as part of the Battelle cgntainment systems
experiment that are contained in this document referred to
in your June 1971 statement on emergency core coolant perfor-
rance, can you tell me what the scale iz of the blowdown
experiments and how they relate to the system size at Indian
Point 2?

MR. MCORE: I believe that the vessel used was
about one-fifth the size of the Indian Point reactor vessel.
The area of the blowdown hole over the aresa of the vessel was
a factor of 4.5 x 10”2, yhich in terms of relative avea to
volume, area orifice to area of the vessel for Indian Point

would be equivalent to a four and a half-sguare foot break.

4
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MR, FORD: Can you tell me, in terms of that scale
of blowdown experiment, whether you can scale this data to
Indian Point 2 with no fear that the results could be reversed
or altered? \

MR. MOORE: Yes, I believe so.

MR, FORD: It is indicated here that there was some
congiderable problem in estimating the mass filow rates because
of subccoled biowdown data, that they don‘t guite understand
what happened to it. Are you aware of this problem in the
experiments reported in your reference? | '

MR, MOORE: May I see the reference?

MR, FORD: .¥Yes.

MR, MOORE: Where was your reference? Where is the
statement vou are referring to?

HR. FORD: I am referring to the general pﬁéblem
throughout the report of this anomalous behavior in a sub-
cooled discharge, 7This is a general problem that ﬁhey_eonsiﬁer
throughout the document.

My guestion was whether or not vou were famiiiar with
this problem.

MR. MOORE: Perﬁaps we have chavacterized the problem

This was a test which performed blowdown which had botﬁ sulb-

cooled and saturated blcowdown.

y
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‘MR, FORD: Perhaps the abstract may sﬁm up a good
bit of their discussion. This is page 1 of BMWL-1411. 1t
says, and I quote:

"Comparison of the data with theoretical prediction
was made. The mass flow rates were less than predicted.for
all but the smallest orifices and were shown to be proportion-~
al to orifice area raised to the ninug zero .165 power. Tﬁe
subcool power data gathered here and elsewhere using gas,
sqch as nitrogen preésuriz&tion without special precautions
will not be applicable to a typical reactor loss of coolant .

design basis accident becszuse of the pronounced effect

‘demonstrated by nitrogen solubility on blowdown in the sub-

cooled regime,”

Does that refresh your memory és to the general
problem they were concerned with?

MR. MOORE: Yes, in general.

MR. FORD: Can you tell me, in terms of using that
data to relate to the subcooled poxtion of tlowdown, when you
say that the references givén in thi& July 1971 study provide
experimental coafixmation of your blowdown modei, in terms of
the fact that the blowdown model does a2 number of things, one
Qf which predicts subcooled discharge -~ does that experiment-
al data provide confirmation of your prediction of sukcoroled

discharge for Indian Point 2.

MR. MOORE: I don’t know the answer to that
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immediately: I have to refresh my memory with respect to the
subcooled aspects of this test on discharge rates. The
refetence I made, of course, on page 36 is in ccwmparison to
Moody and applies to the saturated blowdown. It is not
inconsistent with the statements made in the report.

MR. TROSTEN: Mr. Ford; could you use your microphone
I believe the people in the back of the room camnot hear you.

CHATRMAN JENSCH: Page 36 was the July 1971 report?

ME. MOORE: Yes. 1I1'm sorry.

MR, FORD: . That was June.

MR. MOCRE: Yes, June.

MR, FORD: Can you tell me, Yave you prepared any
analysis on the special precautioas that you take im applying

the Battelle experimental data to Indian Peint 2 as confirmatio
of your blowdown calculations?

MR, MOORE: We don‘t have the nitrogen situation
they describe in the reactor.

MR, FORD: I realize that. It is in their mind
that because you don't have the nitrogen situatiom that there
is difficulty in applyiﬁg their data to the large reactor loss
of coolant. I am asking, where have you indicated zhese

special precautioas that you took pursuant to their caucion?
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! MR. MOORE: I am just looking for a specific
‘ 2 reference. Those tests are discussed in the previously
3 referenced WCAP 7401.
‘ 4 MR. FORD: Well, 'ca'n you tell us in a general wéyg
5 and we can check there for the precise way in which vou
6 evaluate the data, but can you tell me in a general way what
7 special precautions you took in using this data from the
8 Battelle tests as confirmation of your own blowdown calcu-
8 lations pursuant to their éaution that this must be done to
' ¢ apply the data to a large reactor? '
11 | MR, MOORE: MNo, I cannot at this point.
iz | | MR. FORD: Do you rely on experimental data evolved
. 32  in the Idaho semi-scale tests to confirm the blowdown
4 calculations, calculational models that you used for Indian
¥ | Ppoint 27
1€ MR. TROSTEN: Mr. Ford, I'd like to have you
17 clarify that guestion. Are ymi referring to specific data?
18 MR. FORD: My question was a general question
19 relating to the 800 series of tests. The tests at Idaho,
20 - semi-scale tests, have numbers on them. The 800 series
21 involved plowdown tests. I believe they are reported in the
‘ 22 Idaho Nuclear document IN-1384; the same semi-scale model
23 was used in the accumulator tests was used in some of the
‘ g4 more general blowdown tests. I believe that all PWR
25 vendors have used the semi-scale result. Idaho Nuclear
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indicates in its June 29th, 1971 document on the semi-scale
results that their purpose was for code‘development and so
that the vendors could check their codes against Idaho
semi-gcale blewdown, such as trying to ascertain whether in
point of fact part of the confirmation of the blowdown
calculations for Indian Point 2 is based on experiments
involving the small semi-scale model.

MR, TROSTENe-II appreciate the explianation and I
would like to ask vou another question in determining whether
or not I should cbject, and that is whether you are asking '

:a question related to reliance on specific data in connection

‘with design of the facility, because this regcetor was

designed prior to the time that these tests were performed.
I don‘t really understand at this point your question.
MR. FORD: No. I am concerned with the code used

‘during
to evaluate hlowdown/iosé of coolant accident and whether

the code was checked on the Idaho loss of coolant accident
blowdcwn tests.

MR. TROSTEN: I understand your last question. I
don't object to your last question.

MR. MOORE: Yes. We have made comparisons of our
slowdown codes to the semi-scale tests.

CHATRMAN JENSCH: I think the question is &o you

rely upon then.

MR, MOORE: Well, in the sense that, as the data
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becomes available we do check against our correlations that
are used to an additional confirmation. We don't rely on
them per se.

| MR. FORD: In addition to the Battelle work and the
Idaho semi-scale work is there any other experimental data
that you use in some way as confirmation of your biowdown
calculations?

MR. MCORE: Well, yes. There have been tests
performed at the Illinois Institute of Technology Research
Institute on the blowdown of pipes, vessels, and this has
also been compared, I indicated some of this in previous
teétimony with Mr. Roisman.

MR, FORD: Now, the specific question I have —-- T
have noted previously'testimony generally related to this
area., But the question I have specifically in mind is
whether the assumptiop you make about the portion of the
blowdown and subéooled regime versus the powers of the blow-
down in the two-phase regime, whether that specific section
has been verified in either Battelle, idaha or your recently-
cited Illinois experiments.

MR. MCORE: Yes. In the sense that we trace the
time history of the transient from the beginning through
the end of blowdown.

CHAIRMAN JENSCH: Is this a convenient place to

interrupt your examination? It's just about four o‘clock or
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a éouple minutes thereafter, and as we discussed this
morning we planned to recess this hearing now until nine
o'clock tomorrow morning. Is this a convenient place to
interrupt your examination?

MR. FORD: Yes, to begin the in camera session.

CHAIRMAN JENSCH: Yes.

MR. FORD: Yes. |

CHAYRMAN JENSCH: We are planning te have a further
session of your in camera session proceedings so we will
recess in order that that in camera session may convene at
4:15,

At this time the public hearing of this_procéeding
is recessed.

MR. TROSTEN: T am soiry to interrupt you, Me.
Chairman, but 1°d like to clarify if the interrogatioﬁ in
open.session of the Witness Moore is ended. T understand
that it is on the basis of what has been said.

CHATIRMAY JENSCH; I thought he was halfway through
something. But what is the situation?

MR. TROSTEN: That's why I wanted to clarify it,
because of the fact that the interrogation of Witness Moore
in open session was supposed to end at or about four o'clock
this afternoon.

CHAIRMAN JENSCH: That's where those predictions

and calculations give us some sort of —- blowdown.
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MR, TROSTEN: Pardon?

CHAIRMAN JENSCH: There is a little blowdown.

MR. TROSTEN: What I was about to suggest, Mr.
Chairman, was if Mr. FPord had another guestion or two, rathey
¢han asking Mr. Moore tc hold over for that question ox two
ggtil tomorrovw mrning that we continue him until he completes
that question oxr twe,

CHAIRMAN JENSCH: What is the convenience of the
interrogator and the other parties? Are ycu agreezble?

MR. FORD: I just have a guestion or two.

CHAIRMAN JENSCH: Well, let's proceed then.

MR. FORD: 7o finish off this discussion of blow-
down .,

Now, you relate to these experiments as having
indirectly confirmed thé assumption that you make about the
proportion of blowdown that's in different regimes. Now ,
what I'd like to know is whether these experiments
specifically provided data on that proporticn. 1 mean I
know they predicted over-all ~- you observed a mass fiow
rate and so forth and you predict one and you compare-thatn

Now, what I was more concerned with was whether the specific

~ assumption that you make about the proportion of blowdcwn

that takes place in subcooled regimes versus the prdportion
of blowdown that takes place in a two-phased regime was

specifically confirmed by virtue of being observed in any of

the tests that you studied from Batteile, Idaho or Iilinois.
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i MR, MOORE: Well, I guess we are arguinmg about what
2 It is specific. There are correlations which individually have

3 || been compared amd developed by other esperimenters and then we
4 || @apply these to the results and we gei a comparison in time to
5 || the result. HNo specific measurements were made, £o my kncwl-
s || @edge, of the conditions at the discharge to determine whether
7 || in fact at ome imstant in time we switched from subcooled to
s || Saturated blowdown, if that is the thrust of your question.

g MR. FORD: MNo. I am not concerned with whether or
s0 i| not these experiments identified the instant in Cime. What I.
1 || am concerned with ig whether they verified the proportion of

12 || time that you assumad the system is in subcocled iischarge

3 || versus two«phase diSChafge¢

14 MR. MOORE: 17 guess E.w0u1é just bave to say if we

15 || have been able to predict the pressures st the flows in the

16 || system then wé“d probably have a good check on the correlations.
i7 , MR. FORD: But in terms of the fact that you make &

gg clear assumption about the proportions of time that the system
19 || spends in the different regimes, was there a clesr observation
2¢ || in these experiments that the system actually spent that pro-

21 || portion of time in the two regimes?

22 | MR, MOORE: I belicve whem you look at the results

23 | there is a definite break point in flows that can be reiated

24 jback to the imterphase between subcooled at saturated bi@wdaﬁms

& |l yes. I think the answer is yes, in comparing that Lo show thisz

[rSPC—.
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occurs in very short time periods.

CHAIRMAN JENSCH: You have concluded your examina-
tion of Mr. Moore?

MR. FORD: Yes, sir.

CHAIRMAN JENSCH: Is there any redirect?

MR, TROSTEN: We have no redirect of Mr. Moore at'
this time, Mr. Chairman.

As 1 indicated previously we may well have some
redirect on the éubject of the emergency core cc@ling;

MR, MGORE: Mr. Chairman, excuse me. May I copsult
with Mr. Trosten a moment. |

CHAIRMAN JENSCH: Yes, surely.

MR, TROSTEN: Mr. Chairman, Witness Moore points

out that there was a question raised by Mr. Ford on transcript

pages 1893, 1894. I presume that is the old number. In any
event, it was an unanswered qﬁesti@n which he would 1ike to
answer at this time. |

CHAIRMAN JENSCH: Very well. You will summarize
the question as well as you camn, Mr. Moore.

. MOORE: The problem is to find the answer.

MR. ROISMAN: Mr, Chalrman, while he is looking I
just want to be clear ¢ hat there are several places inm the
transcript where data was reunStgd, the answers o which

have not yet been received, and whether it was Witmess Moore

or the Applicants’ other witnesses who are going to provide

i
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it orally ox in writing to be submitted as though it had
been provided orally, I want Co make it understood that we
weren't walving any right to that subsequent data. I can't
list it.all right now, but I kanow that there are some =-
there is still some information yet to be receivedt

CHAIRMAN JENSCH: Well, will you take that up with

Applicant’s counsel.

MR. ROISMAN: Yes.

CHAﬁRMAﬁ JENSCH: And 1f there lg some later
arrangements you want to make asbout the submission of dara
we can consider 1t later.

MR. TROSTEN: Yes. I'd like to say that except for
today’s information we were under the impression that thié
was it. But I will be glad to talk to you, Mr. Roism&nol

MR. ROISMAN: OCune thing that I remembér Wwag == I
belisve this 1s correct -- a fod temperatuvre census through
the core.

MR, MOCRE: That was answeved the following day.

MR. ROISMAN: I think all that we got were percent-

ages, dida‘'t we?

MR. MOCRE: Percentages of the cladding that were
above certain temperatures, yes.

MR. ROISMAN: My recollection was that the questiom
was more tﬁén that. But I will check and ¥ will do what the

Chairman suggests, talk with Mr. Trosten.
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i | CHATRMAN JENSCH: Very well,

2 Axre you planning to go home, Mr. Moore?

3 MR, MOORE: Where is that?

4 MR. TROSTEN: Yes, Mr. Chaivman. The answer to your

5 question is he was planning on going home this evening. Of

6 course he could be subject to recall later.

7 CHAIRMAN JENSCH: Well, we are going to be here in

8 the morning, but if he is planning to leave tonight --

8 MR. BRIGES: 1Is it the thought that the Board wom't |
10 have any more gquestions of Mr. Moore? | ’ |
1 MR. TROSTEN: No, sir. That wasn’t it. It waé

12 just a matter of tomoxrrow's session being devoted to &:he:'Staffﬂ
13 Friday, and so on. ‘

14 CHAIRQAN JENSCH: Well, if you have redirect undoubt-

15 edly Mr. Moore will bé,back.

16. MR. TROSTEN: Yes. That is exactly the thqught.

7 CHAIRMAN JENSCH: The Board's questions cém be

18 " propounded at that time.

18 . By the way, does the Staff have any questiomg?

20 MR. KARMAN: We would like to waive at this time,

21 Mx. Chéirman, the right to Crossaéxamine until afcer redireétn
° 22 There are certaln matters which Mr. Trosten has indicated

23

they would like to straighten out or clarify and some of these

L

24 may very well be some of the problems which we have encountered.

o s

CHATRMAN JENSCH: Very well.
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Do you have your question and answer, Mr. Moore?

MR. MOORE: Yes.

CHAIRMAN JENSCH: Will you proceed, please.

MR, MOORE: The question related to the assumptians
made with respect to the heat transfer coefficient, the gap
conductance in the fuel rod for the loss of coolant accident
and the fractiom by which the coefficient used is lower than
the normal heat transfex coefficient, and the figures used
in the analysis. The gap coefficient, the'impertanéé of the
gap coefficlent is primarily one of initial gap conductance,
which determines the a&ount of stored emergy in the fuel,
which them must be subsequently transferred to the cladding
during blowdown and during the heat-up phsse.

The gap conductance that 18 used is a waiaeiaf

2,000, compared to an expecte& vaiue of approximately 2800.

This then provides about a 120 degree Fahrenheit increase in

equivalent stored emergy at the hot spot and were vwe to use
the expected gap coefficient we would expect the peak clad
temperature %o be lower by a 100 to a 150 degrees Fahrenheit.
MR. FORD: Ceculd you explain when you say it
provides an increase in quivalemt stored energy such that
you get a clad temperature of a 150 degrees higher---lower,

rather?
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MR. MOORE: Lower, no. Iet me clarify that. The
gap ccnductants, because we use a lower value of conductants
than expected,this has the effect, then, for the same heat
transfer, giving us a higher fuel temperature, Therefore, we
have move stored energy in the fuel at the beginning of the
blowdown transient. So this is additional heat that must be
transferred to the cladding and ultimately then o the cooling.
Ané T was indicating the reverse, that if we used the expe¢ted
gap conductants the fuel temperature would be reduced, we
would have less stored energy and the clad temperature would.
have besen reducedg'beeause we havé less stored energv dur ing
the tramsient to transfer.

MR, FORD: Am T correct that whether or nst this
is conservative depands on what kind of assumptions you make
about the heat éransfex mechanisns during blowdown and reflcod,
such that vhen you assume that when the fuel is hotier and YOu
save the stored emergy for later, that implies, of course, thai
vou have a lower clad temperature at the beginning of réfleodp
is that correct?

MR. MOORE: Ch, I am soxry. You are tvalking about
the-~once I have got the stored energy in there, WNow if T

get the stored energy out too soon,that by the time I get to

MR. FORD: Well, I am talking about the trade-off

invelved. The stored enmergy is heat which WAy CaUSe you
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prdblems in blowdown. Now by increasing the cladding tempera~
ture in the blowdown, now this assumption that you make de-
creases the cladding temperature of the blowdown and it saves
the heat for later and then it says, well now Quring reflood;
now this is conservative with regard to the heat that has to‘
be dealt with there, but it’s not conservative with ragard to
the heat that has to be dealt with cn the caidding during
blowdown,

So I am trying to clarify or asking you in preecisely
what sense is this conservative assumption, or if it‘s a ‘

consexvative assumption with regard to one of the two

Phencmena is it a non-conservative assumption with regard to

the other?

MR, MOORE: I see, No.

I was referring to the initial gap conductants which
is the primary effect, There is an effect, as you indicate,
that if I were to maintain that kind of a gap conductance
this would, during the transient tend to get ©he heat out inco
the cladding and out into the coolant dw ing blewdown. The
assumption is made in the analysis that in a2 tenth of a second
the gap conductant reduces . to a thousand and in three seconds
it reduces to five hundred, using the sane units, and so this
is ajways below the expected gap conductants dur ing biewdowgo

So we have tried to keep the heat in a conservative

way from going to the cladding and into the coolant during
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1 blowdewn and saving it, essentially, for reflood,
R4Eﬁ§ 2 MR. FORD: I see. But iz it correet in the method

3 that you calculated you predict a higher clad temperature at

‘ 4 the beginning of blowdowi, at the beginning of reflood, vhan
5 you would have--you can predict a icwer clad temperature at
G the begiﬁniﬁq of reflood than you would have if you had
7 actually §one along with your expacted velues rather than the
8 one tﬁaﬁ vou assumed?
9 MR. HOORE: If I vsed expected value this reduces
e the stored energy initially and aiso gets it out faster, both
11 of which are beneficial effeects, So if I use the expected
12 valune the temperature at the end of blowdewn should be lover,
13 so that the total peak clad temperature is reduced.

‘ 14 With the valuves I have used I have 'ihcréased the

15 temperature at the end of blowdown.
16 MR, FCRB: But you have saved a good part of the
17 stored thermal energy o go out during reflood wather than

8 having that cause problems during blewdown,

13:] MR. MOURE: Yes, ves,

20 MR. FORD: So that there is some price to pay either

21 way.. In making an assumption about gap ccmdﬁctants here is

22 it correect you simply can’t make one thot's coenservative all
. 23 || the way arouvnd, and if you make it in one way you are going to

24 have that heat around later and then vice versa, if you get it

‘ 25 out quicker you won‘t have the heat around later.,
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MR, MOCRE: Yesp-x would agree, I guess, It‘s the
total, overall transient you have to look at, that's right,

MR. FORD: Right.

Now can you tell me in terms of the procedures you
used to astimate this, in any experiments that vou have done,
has gap conductance besn measured? REave vou simulated gaps?

MR, MOORE: Ves. There have been sowe oxperiments
performed., They are referenced in the FSAR.

MR, FPORD: Wow these are the presumed experiments
or data coliected during normal operation. I mean the gap
conductance is well-known for that. T am talking about under
the loss of coolaﬁ% accident situation, whether in that kind
of a sit&ation you experimentally studied gap conductance?

MR. MOORE: I can't speak specifically for any cal~
culations that directly simulates the loss of coalantf The
behavior of the gap during the transient is such that as the
cladding expands, as it heats up and the fuel contracis as it
cools down the gap increases and this redueces the gap eon-
ductance. And one camn then, knowing the constituents of the
material in the gap, calculate as a function of this distance
what the heat transfer would be,

We take a much lower value for conductance during
blowdown than you would predict by this differential
expansion, that kind of a straightforward calculatien.

MR, FORD: I sze., Now have you actually taken
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honest-to-goodness fuel rods with zirealloy cladding and uo,
pellets and an honest-to-goodness §ap and heated them up to
LOCA transient temperatures and frem that determined the
magnitude of the various swelling and contraction that deter-
mines what changes in ¢ap conductants will be?

MR. MOORE: No, not directly.

MR, FORD: I think the rest of the guestions in
this section ceovered ny concerns.,

CHATRMAN JENSCH: Very well. Thank you, My, Moore.
You are temporarily excused, subject to call for redirect and
possibly recross examination.

If there is mothing further the public hearing in
this proceeding is now recessed to reconvene tcmorrow MOTyN ing
in this room at nine o‘clock and we will reconvene here at
4:35 for am in camera sessiocn.

{Public hearing recessed,)
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