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that. rowevar, the change .1s going te be that Zalgh Yever
& . S .
will speax fircst and talk abcut the new cladding modals that
. -
ar2 in C630. - will comr®ent on the ccmments that have been

nade since the criginal version of 530 cane cut and which

hlav2 come in since the February meetinc that was held with

Fallowing Felph's discussion, if Necrm has come in,
Soras Lauben will b= on next. If not, 2re. Picklesimer fronm

Sesearch, who has been also looking iato this and

8]
QO

psidering scome different ways of arriving at the

W 41 “ D % T
rcds tc bundle blcckages, will sresent

onversion ©

an alternative modal which he has recently ccme up with angd
faxke some additicnal csomments cn som2 other methods of 2oing

this.
= oA 3 T % 5 - S - -~ . - < ¥ < -~
Sat dasically he 1is going to be speaxking mostly to
. I g % . - - . o : = .
only one aspect o0f the three noiels that are incorperated in

0630,

Finally, fcllovwinsy that, and not appearing on you:r

th

thing, we do expect Yorm Laube in to give a summary o

w
“
W
[

=
b
t

our implementation schedule anéd th

approach these things.

T world like to emphasize in the recinning that
there is no intenticn on our part to be proscripti- .S to
precisely how one must arrive at a suitable estimate ¢ the
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(o)

‘5. SEE#20N; Aiall, let me come back. I cffered
you threse spticns, and you 211dn't take any ¢f them. I saild
staff technical position, reg gsuide or rules, and you are

saying we put an ==

- IBRENSTETIN: Yo
s ss @ M = L™

ot
(A

staff technical position.
%2, SHEY4YCN: Ckay, that is a staff technical

position, and vou can say that when new things =-=- new ccre

1
"

or review they must meet

1]

loadings £or example =-- coms in

the staff technical position?

would like you to come in with your new medels, taking inte

account a sort of open season on thermal nydraulics,

- - - . wres 19 & ! & -- - 3
axcecting that the review wculdi hbe conmglected by the end cof

vendors' evaluaticn models, a2nd the st2ff would have

approved them by then and the gplants in a rather reascnable
manner, for many rceasons #which we will discuss teday, which
talk to the lack of urgency cr substantive safety incact, or
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£rom the differencs in pressure bhetween the inside and the

(18]

outside ©of the cladding, both as functions of tine.

Te »e acceptable the sweliing and rupture
calculations shall be baseil on agplicable data.,

T guess in my slide I have that underlined -~

bassd on applicabls data =-- in such a way that the degr=e of
swelling and incidasnce cf -upture are not underestimated.

11
-

o

s

=}
€«
W
bo |
(5
"
(#1
o
r
[#]
"
®
9]
-z g
"
t
+
ey
®
ot
4]
e
L
=
’_a
5 |
t
o

The degree 2f sw
account in calculations of gap conductance, cladding

oxidation and embrittlement and hydrogen generaticn.

]

The calculaticns of fuel and cladding temperatures
as functions nf time shall use values for gap conductance
and othar thermal parameters 3s functions of temperature and

A = o 1 $ ia : PR
cther applicalble tine depenient variatles.

with changes in gap dimensions and any cother aprlicalle
variables.

One thing that is sazing then is be aechanistic.
Any parameters that are afiascted cy changes in dimensions cr

be accounted

ot
o
Y
0
=7
4
2]
w
a
ot
®
"
O
It
ot
- o
v
01
P
v
§a
(&}
'4
-
<y
n
b 3
O
=
b
[N

changes in
for in the ECCS calculations.

What else does it say in that garagragh? Well,
based con applicalkls data, z2llowes a certain amount of
£lexibility in the data. It is not specifying particular

data. it iz saving gp.icable data.
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14

" . - e e
£eg.on Chosen snags

assefclve

reqions
swelling ang

So during blowdown that is the only pluce where

the admonition to account for :-lockage as a result of
swelling and cuptur=2 is madee.
Now the spe.ificaticn c¢cf£ the size ¢f a hot region,

lcoks like

i
O

i
*,
< 4
w
o
»
=
O
3
"
(g
l'e]
[ B2
O
b=

and we will show scme sli

in the calculation, but

that would cause us to change our perception of the
selection of the size of the het region during blowdown.

-

In actual fact,

lass of cooclant caleculation, MusSt sStress Once again these
are licensing type calculaticns, ia which the mcst severe
restricticns always have t¢c d4d¢ with the heat source., That
is prebably the most unigque hallnark of any c¢f the licensing

calculations, in the fact that they specify certain hot

sources -- 1ecay ha2at, metal-water reacticn, gpover level in

[

a reactor and sc¢ forth, the tech sgec peaking factors and

what and tc maximize the amount cf heat

not,

generated in the calculaticn.
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generally

during blowiown is not an irportant consideraticns, It turns
out that there are generally encuch blowdown flow cor the
prassure is high snough when the fleow is lew enocugh that th
cladding simply doesn't strain very much during most cf the
blowdcun calculation.

Je will look at some stylized plots in a mninute.,

The next place tha* Ylockage is addressed in
Appendix X is paragraph 1(2)(%), which is somewhat

prescriptive anc frankly his given us a certain amcunt o2

r
or

difficulty, Zut let me read i

(%
-
"
'4
b |
o
2
Ww
(R0
'c
H

1l and ducing

rates are less thanh one 1inch per second, heat

calculatiocns shall be based on the assumption tnat cooling

. . .,
tak2 into account any flow

sWalling and cupture, as such blockage =i it affect Hoth
local steamflcw and heat transier.

How once zgain notice that this is only a PWE
prescription. A later slide will 2iscuss implicitly hew th
BNR flow Blockage is accounted for 2during the ECCS refill,
reflcod pericd of tinme.

Yow, cnce again the other tvc paragraghs, the che
on the previous paze and ths one at tha top of this pace, I
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to wh2zt has happensd, but L=t *e say this f.irst.
S P WL 5 . o e z
¥2 . SHEWYCN: You have taken up half cf your time,

so why don't you let us developr it by gquesticns?
“P. LAUBFN: Fine. If you dcn't want to hear any

more about it T won't == okay, fine.

Now criefly, I put this slide up to sncw you what
the effects of swelling are. That is, we consider first of
all flow blockajze 3s a result of swelling. It affects the

surface heat transfer and the c¢selant =snthalgy.e Then there

rl
D
th
Hh
L
9]
2l
i
O
o

are the strain effects; that is, the dimensiona

reaction, thinning of the clad, more surface area et
reaction per unit mass of claddiing. “his certainly is an
extremely important effect.

Now the next slide says the same thing as the last
slide, only it tries to show s¢ne interrelationships. Tirst
of all, I have cutlined in heavy ocutline %the three models

thas were >5f primary interest <o zalzh and Cale when they
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that have nse
progertise,
2,

IS
w
.

L&
")

locking
and blockage,

to talk about

plastic strain,
which have h»een

models for elastic

pcoposesd moile

-~ - : - - N . bl - 1

n supplied by all the fu1el vendors, all the
e~ " r PYMTTrTATRT D d .

he (JO02DS ONINTELLIGIELE) capacitys

t 4+
the
" -
w
85]
“

-

in your experimental Lase.

LACBE.“‘S 0:"4-1 l‘:‘t mes sSee.,

SEEWMONs That will come up ==

LAUBENG I2ah.

SEEWYCN: == scme later. And I'm not sure

be happy with the answers, but =--

LAUBEN: Zemenber --

SHEWMICN: == shy zZon't you held it for a
LAUBEN: Yeah. ahat we == there ars == sece if

+» Thare are aspgects such as pre-cupture
€or which *he vendors have proposed ncdels
reviewed and accepted; and there are zlso
strain, Zor which the vendors have
1ls and they have 311s0 Leen revisved.
.
-
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Now, NMUREG 083C has not specificall:
latter mechanical nodels that 1've discussed. Zut we a
proposing that gerhaps the review should be a it nore
general. And ve may, depending on how ultinate
blockage is handled, we mav verv have to gerform 2 very
detailed analysis 2f trings like pre-zupture plastic st
those kind of mcdels.

just wanted to say cn this that £flow area
blockage, o6f < .rse, means flow diversion around the bl

area. 1t's going to affect the heat transfer coefficie

because the flow is going to be reduced. Alsc, if you'r

a steam cooling mode, the £iuid enthalpye I any event
£luid enthalpy is going to te changed due to the flow

i s S o~ ~ . -
diversion. An: that's goin

.
ot

going to alzec have an effect on surface heat transfer.
¥2. SHEWYONs Ncw, yecur models conserve mass

that Bernculli's principles, y2u XRCW ==

¥R. SHEWYON: -= 1f the araa =-- the cross-sec

goes down, velncity goes up or scmething?

“

2. LAUBEN: Wwell, yov have brought me ¢t¢c the

slide. That was a good lead=-ine.

Ms SHEWYON: OCkave
¥YRe LAUBEN: If only it was goode.
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blocks hera, the large tlocks, are the fluid volumes. THhis
thizs large == these == tiig == the larse biscks dcur tals =
on this side rfec.:sent what we call the average ccra
channel; that is, all the £1luid thax is in the core, reactor
core, excert for tha on2 hot assembly channel, whick is
represented independently, -y itself.

3
[

gel red, an average
source to this average channel.

this average ccre fuel rod represents

wm

«00C

150

to maybe S uel rods, depending on the reactor designe.

In addition == the =~ the hot assembly channel

have two fuel rods asscociated with it, the

O

typically will
hot assembdly rod, which represents the
the hot assenlly,

¥ow, that, this £luid
is typical of

blowdown 2nalysis,

the EE&% model, which has an intermediate

they have zhree channels.
ilso, son=s of the calculaticns have a het rod, or

not included in

]

calculaticn, the

feed back =2ffect from the one hot roé nydraulically intec a

channel with 20C other rods, s¢ it zan siaply use
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of years ago, refore Three
there was a whole == I have that slide, I tcok it out of the

presentatior that we made =-- and the answer tQ that is ves.

ention at tuat time, and I still think it's a gceod

C

o
)
'l
e}
(24

idea, is that we 40 not make distinctions between less than
one inch per second and greater than on2 .nch per second,
but that the experimental 2vidence -e evalilated on its

's what the calculation te based on.

nsJers my cuesticn.
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{24
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ot
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(3 4
w

¥R, LAUBEN: Yeah. And, in fact, that's why th

regulatory, NEX, and, I think, the industry, as well, has

been very stronc¢ in urging 2eseaczch, Z7RI, and the
sestinghouse triumvirate in the FLECET test to proceed with
all due spe2d with the llockage test, because with the
proper evidence we feel that that wcoculd »e the thing to do.
¥Re *28X: (WCRDS UNISTELLIGIZLE) would le a
change in the rule. as opposed to the Lranch technical

gosition?

¥, LAUBEN: Well, it would have to be a change in
the rules, anfortunately. The btranch technical positicn, on
this issue there really isn't one; it's the rule that has teo

be obeyed. It's Agpendix X that has to be £followed. It's
Appendix X that's iving us the difficulty, in part. So we
would -- we would nsed, unfortunately, it would aprear, to
regqui-a a rule caance in this area.

ALDERSCN REPORTING COMPANY, INC.

400 VIRGINIA AVE, S.W., WASHINGTON, D.C. 0024 202! 554-2345



10
1"
12
13
14
15
16
17
18

19

21

24

%
(RS

i<
1)

o

we have bent the interpretation

¢ T tell 70y, Wwe have ==

tARX S And 2 rule-making preceedins
LAUSEYN; faah, statever that night
SHEW"CN: Okay, that's =--

LAUZEN: Yeah.,

CHSWNON: (WCREDS UNINTEZLLIGIZLE).
LAOBEN: We have rrobably bent,

of what the

29

in my cpinien,

Ceenissioner

meant when they said "steam ccoling” Just about as far as we
can bend it and still ke within what anyone would consider
the law., Sc, I think, to nmake -~ %o change it much aore, ve
would hzave to have the rule changed.

“ow, let's see, I can -=- let me =-- I have lunmped
together the effects of rupturs strain and incidence of
cuptuce, because, by and large, unless the rupture cccur
later in reflood, after the reflcoding rate is less than ¢ne
inch per seconid, which generally it does not, but sometines
it dces, the incidance effects are alsc effescts con the hot
rod as far as strain, gap conductance, and that sort of
thing is concerned.

And T Jjust want to mention guickly that the
gffacts that are directly calculated in using these
garameters is siaply gecmetrical changes and 2ngineered

results,

paraneters is

anything that is a function of thcse
goin3g to e affecced. All the 4

ALDERSCN REPORTING COMPANY. INC
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cossidbly == with the possitle a2xception of surface
radiation, are ~onsidered £or all analyzed pins throughcut
th> entire transient. Surface radiation models if they are
applied now have a3 small effect, less than 3C degrees. The
greatest effects o0f the individual burst strain and
incidence 0% rupgture are on the hot pin ¢z, in the case of

the BWER, the hot plane. The strain incidence effects can

5]

affect the °NR for the rTupture elevation up to the nine-foot
@levation, roushly speaxing, and beyond that, too, to some
degree, but primarily in that range. ~Zelow thzt there's not
much effect. The i eatest single effect -- and I think this
is fairly obvious -~ is the tvo-sided reaction. The
tvo-sided r2action makas the calculation extremely sensitive

to 21most any small change.

.
.

M3, SHEWVCN: #“hat's a two=-sided reacticn?
¥2, LADBENs The fact that when it’'s Tupturesd you

ara reguired to start t2he ceaction, the metal-water

(9]
'4
1
(o
i
’.4
b J
a
W
(4]
-
@®
13
’_l
w
n
o
g
iy

reaction, on the inside of the
outside. That's a reguirement of Appendix X, as vell, for a
distance ¢f three inches from the center of the rupture, one
and a half inches in each directicn from the center of the
rupture.

NCW, tO answer the guestion that you asked, the
very last point addressed:s the effects of the propgesed

strain/incidencs model chances prceposed in NUBREG 0630 are
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worth 0 tc 2300 degrees <.

Now, T think it’'s important to put that into

s on what I've just

b

n
h
W

context, »ecayse nost ¢f this o ct

de, which is extrenmely sensitive

(e}

mentioned, the ruptured n
t0 metal-water reaction. Ther2fore, if you put it in terms
of F-sub-7, or cver our :-sub-{, the nuaber is rea.ly not
that large; it's maybe zerc to .05. A snall change in
overall peaking factor, generally speaking, can account for
an 200-degree effect when it's affecting the ruptured node
on the pin 5f interest.

age effects. 2s I mentioned

-

Next we have the bloci
before, the hlowdown effects ars rather small, except £for
some 3Ld client calculations.

¥R, KURENSTE.YN: Nerm, in limited cases, can
(ACRDS UNINTELLIGISLE) rise to nmaybe .27 (WCRLS
UNINTELLIGIZLE)?

« LAUBENS Zeg your pardon?

¥R. BUBENSTEIN: In limitecd cases cannct the

te

F-sub=-(C rise ug toc abdbout .2 (WCRDS UNINTELLIGIEBLZ) resactors?
Y2, LAUBEN: WwWell, are you talking about the

compensating benefits, is that what ycu mean?

¥2. LAUBZN: Yell, let me == for the =-=- ves,

ALDERSCN REPORTING COMPANY, INC.
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thiak I can == Y czan discuss its That's a rather sgeciiic
Wastinrshous® trpe Of thing thar we're talking about. Eut

let me get through this Zirstc.

¥2, SHEWYON: Is T=-su>=_ some critical heat flux

¥R. LAUBEYNs F-sui={ is the ratio of the power in
the hottest spcet in the reactor to the average. rf-sub-(s
typically are in a range o 1.7 to 2.7, depending ¢cn whosge
plant ycu're talkinae abdcut. Two three is a fairly typical
nuaber £fo =+n F-ggb=-Q.

ve're saying, from the previous slide, is

(
O

that if you have an F-sub=({ of

significant reduction in overall peaking f£actor to acccunt
for an 200-degrze effect., 3nd a3ll that's saying is that

when it comes to ruptured nodes with the two-sided

retal-vatar rezcticn, they'ce asxtrenely sensitives. I think
that's zcnmething we've lived with for eight years, and

som=times it surpgrisas gecgle, tut these of us that have
done the calculations =--

HEWYCN: when you == you talked adouyt a hot

-
po
.

w

and average pin in each =-

¥R. LAUBEN: Yes.
¥Se SPEWMCNs == in the subassemdly.

* S
e «fiv

.
)

-
-
-

> 4
-
v
®
n
-

MR, SEEWYCN: 2o you =-- when the hcottest pin

ALDERSCON REPORTING COMPANY. INC.
400 VIRGINIA AVE, S W., WASHINGTON, D C. 20024 /202) 354-2345
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rupturas, 45 you assume that everything in the subacsexbly
guptuces? CJr Now 40 Jou -

s Samihd - 2 . P Fp .
¥2+. LAUREN, son 10, and some acdels ceon't,

W

e

If you're talking about Llowdéown, the ansver is

no, hecause in »lovwdeown all thrse pins are carried

£ the hot pin rugtures, that dcesn't have a

MR« SHEWMCON: I'nm talkino about a rupture straine

¥8%. LAUBEN: Okay. Yeah?

¥, SHEWYONg == wher=2 you say the greatest ==
"strain/incidence effects can effect FW? greatest
single effect is twec~sided reaction at ruptured node,."

¥*R. LAUEEZN: Yes. Yes, at the ruptured node =-- T

ehould have said "of the hot pin."

& -
ad%e =SNLW!

-
O
-
.
£
D
'4
’4
-
Lr
[
o
P
LA
o
o |
®
O
'-c
o
ui
la]
('™
o
r
[
"
w
wi
-
*6
r

praobadbly doesn't =-

Y. LAUBENs It doesn't affect --

4%, SHEWMCN: == go very fast towards giving rou
17 rercent.

¥R. LAUBEN: ©4dell, rzmember, 17 percent is a local

pumber. It is =-=- if you have 2ne spot in the whole core, be

it the three~inch node vf the nottest pin of the 50,000

Q
n
"
0
®
e ]
ot
(Al
oF
w
(2l
“
9]
ot
[
fo
(=
‘
e 3
o
=
=
4
b
ot
.
LR}
ot

pine, if that ceaches 1
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may be somewhat restrictive, but that's still the linit., We
don’ L ==

¥R+ SEZWMCN: Only scmewhat ycu feel?

YR+ LAUBEN: dell, I'll tell you ==

¥Rs SFEWYONSs Scratch that., Go ahead.

YR, LAUBEN: Yeah, o0xaye =Right, Compare? t¢c the
German method ¢f licensiung, which 7ces a more probabilistic
-= yhat's this (WORCS UNINTELLIGIZLE)?

YOICEs (UNISTELLIGIELE)

MR. LAUBEY: Yeah. That's it, the hot pin. It is
the hot pin that determines conformance with Appendix X in
this regard, with cespect to the 2200 and with respect to
the 17 gpercent. Assessmnents are made of =-

VOICEs (WORLCS UNINTZLLIGIBLE) hottest spot in the
hot pin.

¥R. LAUBTN: The hottest spot in the hot pin.,
That's correct. That's correct,

Ch, okay. Let's see ~=- blockage effectszs. I think

I menticned n

post-hlcwdown

umter one.

Ch, vyes

blockage effects are implicitly acccunted for

in the heat transfer derived from the ZawR FLECHT progran.
In that case, they did have typical blockages in the =-=- in
some of the FLZICHT experiments, and in that respect the
effect 0f tlockage is taken intec acccint ia deriving the

heat transfer

-
NoSoe

(3 8]

aodel £for the

ALDERSON REPORTING COMPANY, INC.
400 VIRGINIA AVE, S.W.. WASHINGTON, D.C. 20024 (202! 554-2345
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ZWR blockage we'va diszscussed of less than one inch

rer seconi. And we have discuszed tte fact that £low

(o
o

N L | e | - PR - " - - - -
diversicn == well, flovw diversion and heat transfer are

calculated very 1ifferently. =:tach endeor came in with 2

b

$i¢ferent model, and we agcreoved these models, somsetimes

after a good deal cf delidberacticn. ind each vendor vents

I

through a gcod deal of Zdeliberation, because we all 4idn’

& )

n

have a zreat deal ¢f idea how we were =2ing to attack t

-
-

problem at the time.

43, SHEWNCNs: If we can stop on item three for a
minute, it seems to me that's the nub ¢f auch of the
iiscussion hers.

¥R, LAUBFN: Yes.,

dRe SBEWNCNs App=andix X may reguice that if one

spot on one fuel 2lament gets 17 percent, then you've got to

.
yell uncle ¢r scmething. 2gt it seems to me that if vecu're
Saying that == that says the "hot recd onlz®” will te
considered for flow blockag=s effect, and i+'s going fronm

that not £od t¢ the whole subasgsembly blockage which is

"
o

going to Pe most of cur discussion today. So I guess that

one I'd lik

7

to hear you say more akout.

=
v
.

LA

<
o
"

Aell, let me sar this. There are

3
.-

that ls

some mocdels that carry along a hot assenbl;

~
0
b
b= |

calculated as well as the hot pine 2Ani blockage will not he

1 %

calculated %o coccur until tae het assembly pin, the average

ALDERSCON REPCRTING COMPANY, INC.
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- - - Y = - A - . -
pin in a hot assenlbly ruptures. cther models it's the hot
-~ - - . - -~ 9 T 3 -
2in that ruptures. < dcn't == zone == weli, I == ¢f cours
- - L 4 . -
t0 a Certaln de3ree, ard - don't want to characterize the

degree because that, it may »e competitive ==
¥3, SHEEWMON: 4Whzt ycu're descridbing here is wha

the vendors 4o, not what you require cor what is being
sugzested?
¥0. LAUSEN: Well, this is what they dc, this is

what they have propcsed and what we have accep*ed. We

-

0

models so that

[

didn ‘'t want to cverprescribe the hydraul

everyone hai the sare hydrat.ic model. We f£elt that it was

in the interest ¢0f -- 0f ingnajendence that 2ach vender
prescribe a mocizsl that acccunted for flow blockage, an

everyone derived 3 differant acdel. And we all felt thas

each model, alheit they're different and have different

W

f£fects, there's 1iffarent degrees of conservatisa in each

hydraulic medel, that still they == they make 2 -=- a
teasonable attempt t¢ abide by the Ccmmission rule on this,

on this gcore, and that they're coaservative,
¥B., SHEWMCYN:; Now, part ©f the reason we're
gathered together tcday is to try to get less diversity lin,

at least, some ¢€ this data,

e SEEWYON: I 3don't know, I guess Ralgh doesn’

have it in his handcut. So that you're saying that --

ALDERSCN REPORTING COMPANY. INC.

400 VIRGINIA AVE, S.W., WASHINGTON, D.C. 20024 1202) 554-2345
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ansver.
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ot
¥
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g only abott the therusal hydraulic mo
sAdBEN] "eS.,
2aCN: And there yYSu %229y to let 1
thiag.
LAUREN: velli, Six or seven mayke.
SHEWAVCN: CKaY e
gghter)
LAUBEN: Tt has its advantages and i
SEEWMCN I agree.
LAUBEN: And I don't thirk there's a

ALDERSON REPORTING COMPANY, INC.
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case?

¥%es LAUZENs For the worst case that wa've seen s0O
€ar in our assessment since Novenber.,

MR, SHEWMCN: And you've locked at all the numbers?

¥E, LAUBEN: Well, yese. Wwe've made =-- I think
Jack Rosenthal discussed it. I den't know if he discussed
it with the Fuel Sudcemmittze or not. was that =he Fuel
Subcommittee? Yes. (Inaudible).

The kind of assessments we went threcugh £for ezch

-

of thenm, I don'+ think I waat to go through tcday. I°'ll

L

tell you what, I won't -=- I wen't sgenéd much time on these
last few slides, siaply to note that blockage data, which is

very important. W2 nentionad the Flecht experiments. There

At this point it Would be somewnat gremasure to

us2 thesa axperiaents to define more accurate flow diversion

"
o
-
®
n
(g
0O
D
b )
Il
P"
. “.
i ]
0
¥
ot

once again, lLarry Hochreitar has some o
tests of bdlockigs.

I thiank the bottom line is that ve dc expect, from
what information is available from these f£flow blockage
experiments, that <o will find that, as we expected and as
the Commissioners intended, in the current nodel (Inaudible)

-

and we wculi get some rellief., Syt T don't think we can get

ALDERSON REPCRTING COMPANY, INC.
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30 over that again, less than one inch ger second.
Let me just say about this that the intent ¢f this
slide was == the bottem line was that our two=-ghase flow

effects are a big deal when it comes to swelling and

. . = , A : ) el
The point is, - think, protably the key goint on this is

stazm atmnospher=.

And let's see. Ukay, the scheduyle we'll discuss
later., And now we're all thrzugh.,

MR. SHEWMONs I guess the onliy thing that sothers
me a little bdit on that is, in this land of Rlice in
Wo.derland, I have difficulty deciding when it is we're

trying to develcp best estinats models and when it is we're
trying to meet things -~ use models that meet Appendix ¥ and
in some way approximate reality at the same time. 1And so

vhen you say that that's the way it happens in realit

~
~

agree with you. But when it ccocmes back to living with

ALDERSON REPCRTING COMPANY, INC.
400 VIRGINIA AVE, S.W., WASHINGTON, D.C. 20024 1202) 554-2345
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M s o ' 4 = Y - e iy ¥ e T . L] 1 . -~
Appandix ¥ and the models y2u’': gging, I 4¢on't knew whether
. ¢ s Y £ - 1 - - - - -t 4
you'fe in lefts 218ld or iz rig £ield.
- TaMADTY i O . - - - - o &£
2¢ AUREN: i2ll, W2 ive tried, as far as flow

diversicn 1s concerned and heat transfer, with respect to
less than 2ne inch per second. I telieve from those ~-- that
one-sentence admonition Zrcca the
think, that they wvanted us t0 te conservative if we landed
in this area of less than one inch per second reflooding
ratses.

Now, I'm acot sure -- unfortuynately, trey didn't
talk about it much amacre than that. ©#We bdelieve that if ve =--
the2 problem that axisted at the time o0f the rulemaking

hearing was that there wasn't any data that anyon2 agreed on

"

that was very applicable data, Thare were some lini

o

e

plate blockage experiments. Th:s slzeve plockage axgerinents

that were available were very shsart tubes.
M3+ SHZWYCN: +What will come out cof the Flechz

results that you think may change the ==

2 1

JBEN: what I wcoculd like to come out of that

C

is that as a funceticn youy would de abls to derive heat
transfer models that not only sere a function of the other
appropriate variables, but wceuld also e a function of
blockage; that vou could jderive some models that coull zell
you how to treat blockage 4during reflooding in a mcre

realistic wars; and you wouldn't nake any artificial

ALDERSCON REPCRTING COMPANY, INC.
400 VIRGINIA AVE, S.W.. WASHINGTON, D.C. 20024 (202) 554-234F
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distinction tetween less than one inch ger second and
greater than one inch per second, Sut simply what dces the

data -= whart would the data indicate that you ought to De

using for reflozd heat transfer and reflcod £flovw models.
Also, in addition, the one slide did show that

"
»

there were FEIV: experiments and NEU experinents that a

trying tc address the same thing. So in a little while ve

4

'y

¥R. ESPOSITO: Dr. Shewnon, aay clarify one

pointe I'a Vincent Zspecsito from Westinghouse.
dhat we attempt to do with these values is to

nauditla), so that we can give the

plants £lexibility in operation, but nst the operating
tean. we'ra not try.ing to maxizize that.

¥R, SHEWYON: OKkay. Thank yous

¥8. XFTYER: when Norm was talxing about the

in peak c¢claddin. tenmperatu

"

that one has to change the reaking facter to live with the
cladding model changes. Because in fact comgensations can
be made in the thermal hydraulic acdels so that there might
be no need for any change in an operating parameter as 2
result of revisions that mizht e made to the ECCT models.

I just #want t2 note, as

ALDERSON REPORTING COMPANY. INC.
{00 VIRGINIA AVE, S.W., WASHINGTCN, D.C. 20024 (202) 554-2245
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43

minutes dehind the agpointed tine 0f starting of my talk;
and that yocu've given me oriy half ¢ the tize that you
offerred me initially. So I hege you will re understandiag
1£ I don't finish on schedule.

YRe SHEWA¥CN: We'll do ocur best.

-,

I3
or
(8]
'
'
~
-
-

¥R, MEYZRs OCka,«. To pick r vwhoere I lef

L ]
or
-+ 4
’L
s
-~

intention today is to address five guestions which
are the essential 3juestions which have Leen rajsed with
regard to the cladding models.
that you want to discuss, ycu'll have to bring them up
separataly.

The first guestion is: +Were important da‘a sets
cverlooked in aeriving the rupture-temperature correlation

uNmm~ Azan
n NOUREG C630

2
3
o

3
-

shown as the solid line, that was used in NUREG 0620, along

with some additional data goints. The slide is basically
Figure 2 in the repert, and we have added Westinchouse data
points, which are zhown by the little circle with the "i™ in

it; and XFX dJata points, which were shcwn on other figures

in the HUE
The XFX data were shown in the NUREG repecrt, bdut

they were not used by Cak %idge to influence the derivation

of the corra2lation. These asestinghcuse data were not shown

.

in NUREG C630 tecause they 2id not meet our Dasic

requirements for typicality for data selection; and they

ALDERSON REPORTING COMPANY INC.
400 VIRGINIA AVE, S.W., WASHINGTON, O.C. 20024 1202) 554-2345
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Jere not uysed in deriving the ccrrelation by Oax Ridge.
" '~ ~N L o 5 i - 4 *
3¢ SHEWYCN: Ars these clusters or single pins?
- > - > -~ % A3 - -~ - - -
4 B TYE2: I shcould point cut that nost 0f the

points are single -~ single pins. The Westinchcuse points
are experiments which contain anywhere £from twoc to ten
individual rods, and they 2are spr2ad on the Westinghouss

15
16
17
8
19

21

24

data arcund each of these points, on the order of plus or
ninus 3C dezrees C,

§2 . SEEA¥CN: To cover the rupture of all of the
pins; is that right?

MR, ¥YTYER: If this pcint has ten == is the mean
of ten data points, the ten data peints scatter within plus
or tinus 30 degrees.

¥3. SHEWYCNs: 2Z2ut 40 they run data =-- when they
run these, 1o they run a clustar ¢f pins or one pin?

¥S%. MZYEZs Are these all single-rnd? Thesa2 are

all sirgle rod.

%23, ZEEW¥CN: Maylte Westiaghouse should ansver.

¥R. BURMAN: I'4 1ik2 to ask a questicn. Are
these points th2 uncorrected temperature pocints?

MR. MEYZR: TYes.

¥, BURMAN: B2ut we established that there was a
temperature bias in the measursazent ani that these wers not
the correct temreratures to use and the staff acceptad

V3. SHEWMON: 2And wouldi that tend to shift then?

ALDERSON REPORTING COMPANY. INC.
400 VIRGINIA AVE, S.W., WASHINGTON, D.C. 20024 1202) 554-2345
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& - e .y 4 h N 1 - "
3le rod tests, with the pellets, aluminun pellet

conservativs

talking abdo

that are

the line.

EURMAN: It would shift zhem upwards.

CSEEWNMCN: Cxave 0 it weuld e == ycu would
agreemnenrt with %he curva?

SU'RYAN: Yes. Thank you.

STRASZSER: dere tnese the electrically heated

the W2stingnouse ones?

’—A

raal, rcadiant

W

These were 2xt

7

n

LAWROSXIs Oh, just the KFX. I thought he was
MZYER: There are a group of XFX data points
ha order of 2% to 50 degrees above the line.
There are another sroup of “r¥ data points that are rizht on
The destinghouse uncocrected data points are down

ALDERSON REPORT'NG COMPANY, INC.
400 VIRGINIA AVE, S W.. WASAINGTON, D.C. 20024 202! 554-2345
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all actual data,

NB, LIAECSKIs ihel you talX abou* corcrections.,
what's the size ¢of the correcticn? § dagrees, 50 degrees?

YR, ¥SYE3: It depenis =-

MRe LAWECSKIS 1C0 degrees?

& -= on the care that was taken in the
experisent thar was performad. In the case o0f the Nak 2idg

data, the temperatyce error is estimated to range between

Y

zero, when they got the thermocouple real close to the burst

nod2, to about 25 isgrees.

-
-

M

n the case ¢f the Westinghouse 32ata, which they

r

nay want to comment on in more detail, I think the errers

ests that uced

"
iy
or

wera2 considerarly larcger because thay +2

just one thermccouple. They didn't always zet it close to
the ruypture node.
The -=- okay, you see 3 greoup 2f KFXK 4ata that are

above the line. And after Westinghousa corrects this data,
they get a correlation, shown here 3as 3 dashed line, which
is also above the line in a region that's 0f interest to
us. An? so0 the 3uestion has been raised about whether <he
BURZG correlation should e raised in this region.

In raplying tc this guestion, several points have
been made, Chzpman showed that the 0Oakx 2idge correlation

also fit data £zom the Argecnne National Laboratory. He

ALDERSON REPORTING COMPANY, INC.
400 VIRGINIA AVE, S.W., WASHINGTON, D.C. 20024 1202) 554-2345
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gresentad his analysis to this

1ath , and concluded that thea Jakx Zidge correlation =2.2 the

remember that =ob 1id a regression analysis of ¢he Argonne
data, and the results wer2 almost indistinguishalble £rom the

engineering hoop stress the avarage pressure from tie =--
stress from the prassure at the rugsture tamperature, or is

it the pressure stress tefore ycu start heating it, or what?

e R e 2
Re SHEWAONg S0 it rises to that peint?

Ne & e ™ - -~ - | .

S TZ2F That's sorrect, that's cortect.

that respect.
molas of 3as, the internal pressure will drop as swelling
and ballocning prozress. This will result in lowver strain

rates at the time of rupture than in an iscbaric test.

ALDERSCON REPORTING COMPANY. INC.
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they recently performed
constant pressure. At a given stress, the rCugtures occurrad
at 2 higher temperature by about 2ZS to S50 degrees, roughly
the same as this discregancy.

Yow, I've been cauticned not to naxke tec much cut

-
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of this; two tests aren't ccocnclusive. B

show that the isobaric co

10]
v
o
- 4
@
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o
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n
o

ditiosns rai

fe

tenperatuyre., +“e Xnow that the isobaric conditions will

"

affect the burst strains. 1t also appears that they will
affect the rupture temperatuyres.

o+ Chapman is here today and if ycu want to talk

So we discovered something else abcut the KFa

n

T

data. When we look closely, if ycu will recall, we had
grouped data by ramp rate, sometimes c2lling it slow ranp
and scmetimes calling it £zst ramp, and using varicus ranges
of ramp rate to include in those categories.

It turns ocut *hat all of the XfX data points that
are above the line are for ramp rates that are significantly

higher than 23 Z2egrees C. per secondy they're in the range

of 25 toc 40. We had thought that ramp rate effects
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satyrated at about 28 to 30 degrees per second.

The XTX 2ata points that fall right on the line
were very close to 28 degrees per seccnd. 4Again, I doa‘'t
think there's any conclusivs message here. 32nt it is
possible that the discrapancies tha*t you see here ars
residual ramp cate effect and nct ralated to any otiher.

¥%. SHEWMCN: “hy don's you g¢ on. At least I'nm

-

urst strain, I think, is probably

-
0
-

<
"
<
"
Q0
-
v
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mor=2 important £or our discussion than the bleckage

Sa the guestion asout the burst strain data is,

veres the data selectively used to produce larger strain,
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large strain in the burst strain

il

report. Selection of data is very impcrtant, lecausa

experimental cocnditions can affect the results dramatically.
The cent~al issue is whether or rnot lccal

temperaturses in a fuel rod during a LCCA would be more or

less uniforn :han ir the aexperiments vwe've chosen to rely

upon, because temperature uniformity appears to ke a very
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ilpoytant vacriatle controlling turst strain,

de believe that thne "est approach to capturing
temperature grazisnt effects is t0 nO0CK up experiments as
close 1s pessible tc real fuel conditions and accert the

ot

rasylts as thay coOme Oute. _ther apggroaches gpresume <o Xnov
what lccal temperature gradients are in a LOCA, and ve
believe that it's unknowvable with any reasonable accuracy %o
know that.

So therefore, our apgcrocach has Lheen to rely on
prototypical experiments ana to get proper heat flow,
siuulating ¥ heat, and to include atmospheric conditions £for

oxidation. Wwe selacted only data taken in exgeriments that
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how larga the temperature gracdients night bde.

¥%. SEE

0

MCN: Is steam an agueous atmoschere?

In retrospect, I telieve we should have rejected

'y

isobaric data, “ut it turans out not to confuse the situation

very asuch.

4ith this as backszround, there are really twe

o

separat2 gues+tions that were raised, and these Wwere2 raised
at the last meeting we had, on Valentine's Days Cne, is the
Westinzhouse dazta conservative; and, two, did we ircroperly

veisht individual data sets, data within the set we

I
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evaluated in NUZEG 063C, 3Stated another way, is the
sestinchousa burst cocrelaticn adequataly conservative aad
is the NUFEG correlation toc conservative.

Let me first address the Westinghouse data. We

rejected such data because the direct and extecnal heating
methods proiuce incorrect heat fluxes that can lead to

gt unifora local

“

extremely uniform local temperatures.
temperatures cculd sxaggerate strains and get Tesults that
are too ccocnsarcvative.

Tn the Westinghouse czse, however, other

atypicalitias were zresent that produced Jjust the opposite

(ad

s

-
s

house tests ware isobaric, as mentioned

“i

“
-

W
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o
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it
n
-
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g

before., This will produce 3train rates that are atypically

ultinag in strains that are biased low.

-
’4‘
“i
e
~
or
e
[
n
"
o
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Tn addition, the sestinchouse bundle test uses

uce electrical shorts, kut

(9

t

Q

sprav-coated oxid2 coverin

“i

re

'-‘
O
(8]
W
=

the rods spalled, arced and failed prematurely due t9o

meltt ., Therafor2, one can only cenclude that features

<

that were present in tha Westirchouse =-- there were features

Y]

r
o
Y

that were present in "estinghouse test that would :toth
enhance and sucpress stra.ns, and con balance the dagree of

conservatism or noncenservatisa is unknowne

-

To confuse matters a little nore, Westinghouse has
excluded all the slowv raap data £r-om the strain analysis,

hecause they balieve that zlant transients were fast
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transients. We racently have come tc rZealicse that zhats

in fact nct the case, that 7ost cf the zlant trans.,ents are

slow transients.

4o €found that the Westinghouse Zata are scnaewhat

nonconservative in compariscn with oth

D
"

ve believe that the correlation somecines underprotects

byrst strains.

vithin the 1ata sets evaluated in NURES 063C, I have th

£a2llowing conments. This is a slide directly out of th

"
w

Tt
2t S

ey

pcrte.

o0f the experiments that didn't use internal heaters or

agueous envirconments, nc selecting ¢f 2ata has Leen don

hera,

In deciding where to place th lation cu
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howaver, we did uss judgaents that in wel
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data differently. or example, these cren sguares down

data, and ther

icure &, and except for the initial screening

Ltve,

i ~
S tTae

e

-
-

the dottom Wwere effectively iznored when we decided where ¢

place the burst strain curva, Decause these were tests

at Cak Fidge with unheated chrouds. The shroud is put

gun

.1

there to make =h2 fuel rod feel likxe it's in the presence of

other fuel rods, which it can transfer heat to.
These tests were rerun under almcst the sane

conditions, except with the heated shrcud being use

o

resulting ia the c¢cpen diamcend-shaped point

m
r

at the

-

QP e
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gnheated or withocut shrouds, that is,
removed sone of the data dzswn here 3t the hottome We Rave
also adided cn a number of data points that have come out
this sunmmer through an ASTY meeting and some exchanges that
Wwe've had, that have largely added data gcints over in the
beta phase regicon, which makes us look kind of

noncongervative over thare.
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Hdovever, 1

region, whizh is tha important ctegion, and if ycu're nect
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overly influenced by these stragglers dcwn hers that all

right variables, but you may w#ell have put the best curve
through those points if you insist on those variables, or if
Lauben insists on them, or whatever.

Lauchter,)

-
g ]
n

¥2. STRASS

™)

s Are these all unirradiatey rods?
¥Re MZYERs Yes. Ch, I wanted tc answver the

guestion you asked before, very briefly. We don't account

explicitly for fabrication wvariables such as texture or cold

vork or things like tha®; for 2¢ we account for effects of

- -~ - o - . o~ - - L |
radiation. Wwe assume that 3ll these +things anneal out and
the tests are run with specimens frem commercial tube

~ w3
Wil LIS

W

All the tests are d

th»me Therza ars a3 ccouple of -=- there vwere some irradia :

rods tested at Pattelle~-Columbus, s¢ I shouldn‘'t say all of
them. 2ut for :the most par:, the tests involve unirradiated
tubes.

the same footing with this engineaering hoop stress. 8o
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we've eliminatad the diameter and thickness design
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will you ansver it?

MR, CHAPYAN: Yes. In our case, the tuding is
vell characterized. The tubing is not in fact that far out
£rom yniformity. And we do not believe that the uniformity
is siconificaatly == all thaese cother parameters, the cther
things are much more i1mportant than variations in the

cladding.

-

STRASSER: Yes, clad wall eccentricity.

¥3. SHEWMCONs You mean if T had a thick wall on
one side of my pin and a thin wall on the other, it won't
affect the burst strain?

MR+ CHAPMAN: Yes, it will. 1I'm saying that th
tubing that we're talking about, that's not impertant,

tecauyse i¢'s not a large variation.

n

YR. SHEWMON: In ycurss Zut the guestion is, what

r

CTS.

happens in reac
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Y2« CREAPMAN: Well, think cur fuel is comparable
tc the reactor specificaticns.

YR8, SEEWMCN: Now, you're sayia¢g <%t can be ten o
it is ten percent?

¥2. STRASSEER: ot gausual.

¥R, SHEWMCN: Well, if yocu could get it tc be
standard, maybs they*'ll makxe yocu an allowance for it.

¥Rs PICKLESINER: May I answer part of that
guesticn? ¥y name is Picxl=zsimer.

Ih

¥ coamittees that set

The

|

completely

Jaganese or

it

po.int

manufacturarcs

comgpgaraclie;

tne

by saying

ave looked at a good bit cf the tubing.

the standards for this nuclear

this. And you can examine £rom one
to another. _ley're remarkably gcecde.
one line of tubing is, for the acost part, soO

and that's whether it's made by

-
s2lmans or

can ke interpreted.

STRASSER: Yy basic guestiocn was whether it's
recorded as part of the test program, so that
SHEWMXCNs: The answer is cften.

MEYER: Well, let me £irish up the bursting

that I ‘s any gquestion that

ALDERSON REPORTING COMPANY, INC.
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the other hand, ve believe that smaller values would likely
underestimate the degree of in-reactor swelling, anéd that's
not allowed by 2ppendix X.

I'm now ready to turn to the third guestiosn, on
the flow tlockage methodolzsgy, and the guestion is, is the
methodology valid for converting burst strains into £low
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OrC at pocints along there the flow resistance, i1is that right
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- EYEZ S 5 COMPEITISON etvean cies?2 area
reductions and pressure 4rops have heen nade 1in the c2des,

legitinate way c¢ describing Llockage, because in the ccodes
it does indeed produce the rressure 4rcps that yYou neasure
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when you say flow area reducticn I don't Xncw what ycu are
sayine. Whather it is
plausidble or crediple £flow reduction or whether it is sone
average strain that you ¢alcuylate this way .

¥R+ RUSENSTEINs Falph, thers
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two excepsionse. The rate cof tszmgperature change is what
Ralch has tarted slow == 10 degrees Co+ per second or lass,
¥S, SHEWYGNs Well, someday we can alsec discuss

the relevance 0f the instantansous to the average, but that
is a separate ramp rate,
¥YR. YEYESs Yes. ®We are, by the way, using a
long~term, not an instantan=ous ramp rate, both in the
analysis ani in the experiments themselves.
w2ll, just to underscore that point one more time,

five, six y=2ars agso, when a lot of these NRC-funded =r<zrams

U

-~

legree C. por =<scend

S
-

o

waere being started, we just did the
test, because we thought that they were ail coing tc e that
order of maznitude. And the investigatiocn of the slover

ranps is a relatively recent event.
inminence of critical research, I think that some false

At that meetinc a slide was shcwn by Westinghouse that
listed thrse future research progranms, and then the
conclusion #was drcawn that the test schedule in the near
future would provide data for derelopment o0f more definitive
claddiag models.

None of these tests Wwere designed tc measuyre
cladding tehavicr. They were all thermal hydraulic tests

with predetarmined fixed amcunt of ballooring and blockage.

ALDERSON REPORTING COMPANY. INC.

400 VIRGINIA AVE, S.W., WASHINGTCON, 0.C. 20024 (202) 554-2343



o
Al
W
o

ty
“
.w‘.
6 ]
T

4
)

iX about the

to tal

seing

anm

-
-

showed.

Westinghouse

iave

m

(B

0.

Fe

™

ol
%]

tests at our

he NBO

-
|

4

0
ot

™y
o

o

e

.

.
o
(83}

(2]

@i
.

10

deed

T~

3
-

1+ 1%
-

(87

neeting, i

rgary 1

Feb

"

progranm that

13

e
]
LB
wd
"

om
£5
’-

w

L]
w
2

““a

16.]
o
[ &4
L)
1.

e

L3
e

&}

4

rupture are scheduled early

15

0]

16

ebruarcy.

—
-

o} o

17

o
F &

u
-

S,

ea

v
4

18

the end cf

-
-

nea

1 ¥ 3
-2 S4l3,

schedul

taat

understand

20

Yy
0

Lo
(¥

£
4!

sligpages on

grogranmss,

ths

on

discussed

21

fore

cally

-
-

it may realisti

sO

7 availalble.

waad®
S924i4

are

-+
-2

ALDERSON REPCARTING COMPANY, INC,

400 VIRGINIA AVE. S.W., WASHINGTON, D.C. 20024 (202) 554-2345



ra

1"

12

13

15
16
17
18

19

21

24
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<N o n 4.\8 13 a2, =1AaNX T2UQoe

- Pl 2l - - o -~ . - &
by db ) S gt 1 woulidn’'t couat on Tasuylts from

Y27 that are going =0 make 2 tig Aif€ference in what we have
done in less than tWwo Or three years. here will also he
some mora Oak 2idgze outer r=actor nulti-rod tests, and there

should e some acdditional tasts froxm Cermany, capan, and

=

England during this period of tvoc or three vears that the
YRU program is ctunninge.

Yost of the most new tests are multi-rod tests, a

-~ 1 g b ] - - i - -
controversial. e have alr=ady heard Zisagreemants about
- F-4 - ~ . 1 - - - - - -
the shape of the shrouds and ballcon section anéd tha junler

i~ ERE 3 . st o4 = P - - .
So I think it would e unwise to think that we
wes 11 - > -y . "y - ] - . g 5 .
will reach another gslateay with a useable licensing geciticn

in less than five years from nov.

-3

- - 3 & ad 1 1 :
e next pgoint Kas %o g0 with scre calculatiens

£ter November of last ry2ar.,

that were 43

e}

e

W

rough calculations done to show that there were comgensating

business was a so-czlled ncaprchlen. lose approximazs
calculations r=ally can't bs relied on to satisfy the

regquirements of SCu€, and the r2view schedule that w2 favor
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would upgraie thcse calculations in several steps 1s final
model revisions are made.

I think there is olenty of indication that there
are compensating features available. I don't think as a
regulatory palicy that we can rely on the agproximate
evaluations that have been done for an extended pericd of
tine. I do think we can rely on them to allew us to make
revisions in an orderly and neonhysterical mannecr.
SHEWYONs Would you explain what you mean by
that last point on the slide =~ near-term agprovals are

already needed for sasveral vendor models?

<
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ot
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that yet.

The last roint: it is an intsresting point and I
want to mention some vendors by nane. Combustion
Zngineering, whcse cladiing corrcelatisns apoear Tost cut of

are == I am going t0 g0 on wWith scme other vendoers now ==
am trying to make is that there are actions

that are already needed in this area that have been

LS}

precipitated by one thing or ansther sc that this is,

think, an additional reason for going ahead and decing i+t now

CZ has some mcdels refore us which need review.
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hat has ranmp rate as a

.t
w
ot
.a.
O
3
ot

Westinghouse has one corre
variable, and that is the rupture temperature correlation.
l= in the small break

-
-

Sut it only has ranmp rate as a vari

W

model, not the larje break model. £2nd Westinghocuse has
contacted us after ocur rzound of guesticns last November and

said that they really ought tc be using the rarp rate

b

depa2ndance in the largze break mcdel.
So here is an item that needs an action. I think
you could on a technicality wonder whether Westinghouse had

an agproved large break model at the moment.

Zxxone. ©dow as I unierstand it, and I haven't
confirmed this, bdut as I unierstand, EZxxon has recently dcne

some planned analysis for resload work, where they have

o g o P .
already taken the zladding models from NURESG C&30, plugged

Technically., of course, I think that is a good

thing to do, but again theres is the gquesticn of whether that

-
-

(b

constitutes an agproved ECCS evaluaticn model or nect because

it hasn't been blescsed by the X2RC stafZf and locked up in the

(3]
3]

safe with the others. 3nd then £finally I don‘'t think
evaluaticn nodels have ever Lteen formally apggroved, dut it

is less important there because you deon't even have this
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blockage concern.

you

can

doe

of

2. LAUBEN: T was coing to address yocur guestion,

said about them not having approved models. Syt I =

asked a differeant gquesticne.

't cccur there.
¥R, MZYER: I =said they don't have cne yet, it

sn't matter so auche.

hink

e SHEWMCONs: Yes. I thought it was this bdblcckage

YR« SREWMCN: B3lcckage can't occur there because

the subassemily walls or what?

3e a break, rauses them to have lower temperaturass during

MR . LAUBSH: Sow they 40 have blockage, but

w
0]

: - P o fo a2 e ool s Lo
said, blockage is accounted fer implicitly ia the heat

transfsr model in GZ's computer model, so it isn't as

necessary to gc¢ through such and such == ==
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MR, SHEWMONs Thank you.

¥R, ¥TYERs They 2Acon't Rave a blockage ccrrelation
for exanple.

¥R, SEEWXCN¢: The world, as Salph said, the world
in which vou live or we live is now set ug s¢ that these
three correlations are what must »e put in to Xesep the
computers operating for these calculaticons. Is that rizht?

AR« ¥7YER: That is right to a first

approximation. There are a2 fesw nther cladding related
pieces in the medels. Ior examgle, prerupture stcain and

the axial extent of strain on a rod that has a rupture in it.
YR« LAUBSN: I don't think the computer programs

o

are that limited as to what they can == == there was 1

et
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could handi2 it as long as the variable is somethiny that is

- T e 1y m T e igqw" -
a calculabdle, quantifiakble material.
o LU AN ~ . P -
A%, SHEWMONs: OCkay, are there any other zuestions
Tal~ 3 : - 4 . ) 3 -~
for Falsh? All right, why 4cn's we take cur ten-minute
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MR. SHEWMON: Dr. Picklesimer, could you cover the
schedule? He is down for general summarv and implementaticn on
my agenda. That was wnat was given me.

MR. PICKLESIMER: I have a rather large handout. I

th

. 9 - . 'h - % ‘4
you would go through it gquickly.

would appreciate it i

T am going to surprise vocu, I am going to be sure
that you have certain kinds of informaticn available to you for
study at your leisure whenever you wish.

MR, SHEWMON: Okay.

MR. PICKLESIMER: I plan on using 15 for 33, and since
the pages are numbered we can go through them fairly easily here
and quickly.

Let me start out by saying that -- and I speak for the
Fuel Behavior Research Branch now, not just PIC. Now we have

no problem whatscever with the rupture temperature pressure

correlation that is used in UH-630, nor do we have any problem

(r

with the use of the bounding burst strain curve when it is used
for the calculation of fighting oxidation room, nor for hydrogen
evolution.

Now, what we do have a procblem with is the use of this

(]
h

bounding burst strain curve to calculate flow blockage. I am

the opinion that the burst strain has nothing to do with blockage.

It has nothing to do with the material parameters that are
important in blockage, and that % is a misleading factor.

Now, I intend to show vou some of the reasons for that

ALDERSON REPORTING COMPANY, INC.
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in the slides that I intend to bring up ncw.

(2 1)

I am going to propose a different approach which uses

what I call average rod strain and which I will hopefully deline

L

later on satisfactorily, and pose the possitility of developments

b)

in the near .uture which I am prepared to discuss, if you wish,
such as the :=VA work, which shows “ne effect of 90 percent
blockage on the temperature of the cladding and the burst region
and the simulated blcocckage region and in che bypass region.

In the Erbacher report, which was given at the Bosteon
Symposium on Zirconium in the firs. veek of August, which gives
a new kind of correlation, a new method of correlation for
getting at burst strains, calculating from, we think, material
properties, but we are not sure; it is very complex.

MR SHEWMON: Is that still available only internally?

MR, PICKLESIMER: No, sir, I have copies. In fact,
David has a copy.

This was the ASTM presentation given in Boston. Then
finally I am prepared to discuss, if you wish, some of the Seng-
piel_Borgwaldt calculations on probabilistic analysis for
blockage in bundles, if you wish.

Now, I understand that translation has been sent to
me in the mail, but I haven't been able to put my hands on it
vet.

That one is, sc far as I know, still in German, but

the translation should be available shortly.

ALDERSON REPORTING COMPANY, INC. |
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Now, it is my thesis that the average rod stream and

cross section of a bundle can be calculated and can be usedé o

calculate

saw some ©

another =-

the pressure drops measured there in flow tests. Jou

£ the

1 - - %

data a little earlier. I will have to show vo

1

MR. SHEWMON: Now, I assume that Ralph would complete

agree with that first statement, what vou have just had on that

slide?

MR. PICKLESIMER: Yes.

MR. SHEWMON: I don't know how he massages that data,

but 1t seems to me =--

MR. PICKLESIMER: That iswhat I am going to prove.

MR. SHEWMON: You are gcing to explain what you mean

by that statement?

- 19 2
&Ll right.

in each of

MR. PICKLESIMER: That is what I am going to show you.
Now, this is a table shcwing the sectional sprains

the rods for all 16 rods in the bundle. This is the

blank by blank sections taken a centimerer and a half on the

bundle. I want to consider the strains between one grid and

the other

grid.

This is what I considerthe test section, right in

here. All right. If I take the strains at each of these cross-

sections,

average them, then I will wind up with this column

of averager strains.

This column of numbers then is put into COBRA as a

ALDERSON REPORTING COMPANY,. INC.
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single subchannel ¢o calculate this curve right here. These are
the experimental pressure drop measurements that were made.

Now, the only ones that went intoc CCBRA were these
average strains right here. That tells me than I can use the

average strain in the cross-secticn to calculate the presiure

3

there measured in flow tests.

MR. SHEWMON: How does that average strain differ
from Ralph's average strain?

MR. PICKLESIMER: It is no different. It is th
same.

MR. LAWROSKI: It includes a rupture?

MR. PICKLESIMER: Where the rupture occurs? Yes,
the rupture is clcocsed off so there is no credit taken for the
passageway of the rupture.

MR. LAWROSKI: I am not sure that is entirely clear.
What you are showing are all the strains, including the strains,
rupture elevation and all others.

MR. PICKLESIMER: From the cross-section.

MR. SHEWMON: Ancé what you used were inscribe smears
which would correspond roughly to the pellet diameter. Is
that right?

MR. PICKLESIMER: No, sir, to the circumference of
the first rod. Circumference of the first closed up to make a
circle. That calculates a rod strain for that particular

point.

ALDERSON REPORTING COMPANY, INC.
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MR. STRASSER: Circular or straight line?

| PTCORLPSTME " . &
MR, PICRXLESIMER: The circumference

Q
8 1)
!
-4 3
@©
n
§ 4
3
w
ot
[
w

the circumference of an equivalent circle.

MR, STRASSER: 0O} I see. You push it together.

MR, PICKLESIMER: Push it tngether; that is right.

Now, Chapman has done two types of measures. He
takes a straight line acrcss the lips or you can close it up.
It makes cnly =~

MR. STRASSER: Preburst diameter.

MR, PICKLESIMER: VYes. It makes only a small
difference, a few percent in any of the calculations you want
tCc make any way with us, so it doesn't really make all that much
difference.

Now, the other set ¢cf data that are important here
is the average rod strength for each cf the rods in this bundle.
Now I am averaging between these two points only. I am not
averaging over the full length of the rod.

Now, if I average the average axial rod straians, I
come up with 19.2 for- the average rod strain in the bundle in
the test section. If I average the cross-sections I come up
with 19.2, as I should. I sampled the same body of data, just
different ways.

I come up with sigmas for these, 3.5 and 3.4.

I submit that the average of the axial rod strain

is as good a measure of the blockage in the bundle as is the

ALDERSON REPORTING COMPANY, INC,
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average of the cross~-sections.

Now, the correlation I do not yet have is for the
maximum plating of blockage in that. This is stuff I was doing
Monday at home without complete references of library or anvthing
else, and I don!’t have the correlation complete, but I Xnow that
this werks. I think we can make this one work.

Now, we can ==

MR. STRASSER: 1Is there preference [or one cver the
other for scme physical reason?

MR. PICKLESIMER: Yes.

MR. STRASSER: Yes. Measurement reason?

MR. PICKLESIMER: Yes. We have data in one way and
nct the other.

Now, here was a set of measurements made the same way
on that with this bundle, with two different correlations for
fraction factors, ad that makes a difference in *he two different,
regions of £it. So this part has been fairly thoroughly
covered.

Now the correlation that Dr. Meyers and Povers used
to get at the blockage is through the burst strain. I contend
that the burst strains ar2 not physically related to the
average strain in the rods nor to the loss of flow area in the
bundles.

Now I want to show you one of the reascns why I think

they were misled. Here is a plot of the rod average strain for

ALDERSON REPORTING COMPANY, INC.
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each of the individual rods in the bundles against the £irst

strains in that rod. YNow this is not against the blockage plain.

'y
|

It is not the maximum burst strain, it is for every individual
red using the axial rod strain average.

Now the slope for the best f£it of those points is

.5, whichis essentially the ratio they came up with, and it is

wh

[
o |

bounded by a slope going from .4 to .6

think that this is a fortuitous thing. It just

i

happens to be those three bundles that give it that way. I we
go to other bundles it won't happen.

Now one of the reasons I say that is this. I take
that same table that I used before to get at this bleock. I take
out all the burst strains and replace each of the burst strains
by the nearest neighbor non-burst strain, and some of these
are going fro things like 67 percent dcwn to 40 percent.

I do my same averaging everywhere, and I find thers
is no significant difference. I go £from 19.2 to 19.0 for oy
average strain in the bundle. I can remove all these and it
makes no difference in the ana.’sis. My analysis is better

than the first one.

Now, with and wit..out those burst scrains here -- I

[}

have the table comparison of the individual rcd strains, and
have underlined only those that have made changes. I am going
£rom those of 19.6 to 19.4; 19.4 to 19.6. The largest one in

there is 235.8 to 25.1. I think that is probably the largest

ALDERSCN REPORTING COMPANY. INC.
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MR, SHEWMON: Tell me again what I am supposedi!_2> have

MR, PICKLESIMER: This is all material that I covered

last spring, so you should have a mor

(B

b ]
c.'vlaete set O notes.

®
]

This is the table of values with the burst strains. This is

the ones without the burst strains for calculating the pressure
drop with the covered measurement, and what I am saying is it
doesn't make any difference whether you include the bursts them-

selves or not, if vou include a large strain, the next

neighbor.
So I can throw the burst strains out and not make a
significant difference.

Now I am going to show you here a plot == this is

-

on Figure 8, or page 8 -~ which shows ycu the start of what I

(1]
o
w

want to propose as an alternate. The bounding curve her

almest directly out ilere around 630. I am not sure tha

or

I
got all the poiats right. I was reading a graph, and I am not
sure that I applied it exactly accurately, but it is close
anough.

took all of the rods inthe bundle and a number of
the single vod burst tests that Chapman has run recently. I
don't have all the data, but I have most of it, and I plotted on

here the average strain in the rod, axial average, and the “urstc

ALDERSON REPORTING COMPANY, INC. |
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Now some of these, the average strain drocps when the
burst strain increases when you start comparing one rod to another
so the conclusion that the average strain 1s greater when the
burst strain is greater is not correct. It may be smaller. You
never know.

I have included here the average strains £for each of
the rods 'and the burst strains for each of the rods in each of
the three tundles. Now I have envelopred this set of average

strains with the proposed curve.

curve to go di
than the burst
calculation.
MR.
the two lines
MR.
MR.
MR.
bundle B-1 and
MR.
for =-
MR.

average strains right in here and

the full blockage calculation,

I am proposing to use this |

rather

strain to the average strain for the flow blcirkage
SHEWMON: What is that bunch of sparrows between
there?

PICKLESIMER: This one in here?

SHEWMON: VYes.

PICKLESIMER: Those are the first strains for

B=2.

SHEWMON: Okay, and there are lines over here
PICKLESIMER: Yes, for single rr4d tests. B-3,

first strains right in here.

ALDERSON REPORTING COMPANY, INC.
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MR. SHEWMON: I guess you connected scne lines and
others withcut lines.
MR. PICXLESIMER: I have connected .single rod tests
now. Whether they have been run as single rods now, I have

connected --

(a1

MR. SHEWMON: Okay. We will go back to that set ¢
points I first asked about, B-4, B3-2 or 3-1, B-2.

MR. PICKLESIMER: 3-1, B-2. These are the average
strains of the B3-1, B=-2. These are the bur~s* strains. This is
a single rod right here. This is a single rod.

MR. SHEWMON: But B-l was a group of rods?

MR. PICKLESIMER: That was the first bundle, lé-rod
oundle.

MR. SHEWMON: Yes.

MR. PICKLESIMER: You could look upon these really as
being replicates of a given test run.

MR. STRASSER: Does the same phencmena nold true in
3-1 and 2 as B-3?

MR. PICKLESIMER: Yes. This is B-3 right here for
average strains and burst strazins. Now this. B-3 was a slower
test.

MR. STRASSER: I meant dces the same hold true for
B-1 and B-2?

MR. PICKLESIMER: Yes.

MR. STRASSER: Diverging burst versus average rod

ALDERSON REPORTING COMPANY, INC.
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strain?

MR. PICFLESIMER: Yot likely it does for the individual
rod strains here, no. They are much more tightly grouped.

Now, these are individual tests that have special

-

heating rates. Some of them are pratest. Some of them are wrap

]

test. Some are iscbaric tests. They are grouped together as a

.
.

average strain, where the burst strain dces not.

Now, the problam that I see here -- I will agree that
you can form the ratioc for the average rod strains versus the
burst strains for the bundle test. Ycu can average that. That
gives you a number. I claim that that number cannot be used
outside the temperature of your data plots. You can't use it
anvplace else because the burst strains, ratio to the average

strains does not represent a material parameter. There is no

o

physical basis for that.

Therefore, you can't take an ocutside temperaturs range,

al
(9]
"
(o9
(]
o
]
(9]
3
o |
L
0

have heres a se

Now, I show you sme £o that.
where I have calculated the average ratio cf the average strain
to the burst strain for individual rod tests. I want to
emphasize that now, for the individual rod tests over a large
temperature range.

Now, I can classify these into several grour., e
the strains are less than 3) percent, circular goints, where
have no circle -- another symbol on the points, like these

three right here. Their strains lie between 30 and 60 percent,
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strains; diamon
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8 giv

squares give me strains greater _than 30 percent. The larger
the strain in general here, the larger the burst strain th: smalle
is this average.

Now, the correlation that has been used in NUREG-(0630
lies a set of points right here about .42 to .3, in this region

here, and I say that as

an increase in average strain.

when yougo

outside the
calculations of data.

Now, I would
an emphasis. If
now Zor use in auditi
be done based on
strains.

e have average
gecod a shape or as gocd as
pool that we have to work
numbers,

All we have

I kncw that the Germans have axial

on their burst rods.

literatur=2 are burst. I

give us that.

ALDERSON

the burst strains go

to another country.

temperature where you have actually

like
a standard
ng vendor models,

average strains .nthe rods, not

with.

they will be readily

...e On.L
can ask them for the average.

Thatis no g

up you do not have

This ratio was found, especially

Therefore yocu cannot use that

made your

to make this particular statement as

£low blockage curve must be establishe

then I suggest that it

the burst

rod strain datvz that is in about as

the burst strain in the selected data |

If we don't have all of the

available in a few months time.

to do is go and pull them out.

rod profile data
data that are reported in the
They can

reat problem within a short geriod of
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L]

time. Chapman does not have average rod strain calculated as

11

wish it t£0 be calculated for all the single rod tests. He does

-

have rod strain profiles. They can pull this out in a few weeks'

O
R

time. It doesn't take long to get together a suitable set
- |

average strain tc use for this, as far as I am concerned.

]

points on this is that it is directly

Cne of the bi

o

applicable to f£low blockage calculations, yvet if single rod
data can be used at all, I am not yet convinced that single ro
data can't be.

Now I would like toc propose then this as a possible

'

bounding curve for calculation of flow blockage. I have on here

the average rod strains for cthe single rod test. All of the B-l
data points fall within this rectangle. All of the B-2 fall

L]

withian that, and all of the 3-3 fall within that except == am
'« This is the average plus one sigma.
There are a few points that fall outside those, but

~

not very much out. So these blocks represent the average plus
one sigma for B3-3, B-l1 and B-2.

-

then bound that with this curve here == I am

i)

I
suggesting this as a starting curve for looking at a calculation
to flow blockage. Now, we could improve this by simply getting
more data points, and I know of at least 25 or 30 more that are
available. We just don't have them.

MR. SHEWMON: If we stayed with that, how does that

differ from what == or if you backed the flow blockage ocut of

ALDERSCON REPORTING COMPANY, INC.
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that, how weuld it differ from a suggested flow blockage curve, or

MR. PICKLESIMER: I haven't had time to get at flow
blockage itself. The thing is I am subsiituting this average

strain curve for the one that is calculated from burst strains

MR. SHEWMON: Well, go back the other wa:. Yousmid

"
(R )

the corrslation that they had was the slope of one-half. If that

MR. PICKLESIMER: Burst average, ves.

MR. SHEWMON: Then what they would say would be the
maximum strain for this curve would be 7C percent, and it would
decrease monotonically to go to higher temperatures.

It would correspond toc a burst strain of 70 percent
maximum.,

MR. POWERS: It would correspond to a maximum burst
strain of 9 percent reduced by .46. It would be the maximum.

MR. PICKLESIMER: You would be in that neighborhood,
ves.

MR. SHEWMON: I guess I don't Xnow what .46 is per
units.

MR. POWERS: Point four six is the reduction factor
which we ==

MR. SHEWMON: Are we taking 90 percent and multiplying

it by .46 or are we subtracting half a percent?

ALDERSON REPORTING COMPANY, INC.
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MR, POWERS: Multiplying it by .46 and claiming that as
what is to go into the flow model.

MR, SHEWMON: Thatis the average strain, so 30 times
.46 must be about .4.

MR. POWERS: That would be the maximum.

'

MR. SHEWMON: Okay. So hLe efds up with five or six
percent less maximum strain than vou do, average strain.

Okay.

MR. PICKLESIMER: All right. Last strain in our
discussion, I presented to yocu a set of strain profiles of the
individual rods in the free bundle test. I simply want to show
youhere my conclusion on that. You have in ycur handout the
actual plots that I used.

Now, the point here is that the same crofiles of the
individual rods in the four by four bundles -- single rods now
as far as I can see cannot be used to calculate the bundle data
for any single rod. I have not yet been able %o £find any full
rods in there that will allow me to calculate the bundle
characteristics from these four r.ds.

* '

Whether we can go on to nine or not I don't know. I

haven't made all of those calculations. The pcocint is that cne

single rod cannot be used to characterize the bundle propertiss.
Now, I think that --

MR. SHEWMCON: Let me come back to that for a minute.

What you showed on your first coupleof slides with all kinds

ALDERSON REPORTING COMPANY. INC.
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of numbers was that the average =-- in my own mind called picture
body theorem, but that is a separate story =-- that the average
across the plain egqualled the axial average when you use the
whole set.

MR. PICKLESIMER: Yes.

MR. SHEWMON: And now you are telling me that if you
take one pin out of that and take an axial average, that
doesn't correlate well with what you get for the average of the
set.

MR. PICKLESIMER: It does with the average of the set
but not for the bundle characteristic. Let me show you.

This is page 19 of the handout, and this is a
frequency plot of the times a certain strain -- in the strain
increments was encountered within the test secticn. t L8 just
a standard frequency, increments of strain.

Now if I sum over here on this side the strains at
every cross-section here on this, I line up wi.h a certain
profile here. There is not one single rod nor any four here
in here I can put together that will get me that profile.

What I am submitting is that in single rod cannot be
used to calculate that profile. Therefore, I am concluding that
I cannot characterize the bundle from a single rod. I have got
to have multiple rods, and I den't yvet know how many I have to
have, nor do I know what I have to have for an average rod

property and a one or two sigma. That I don't know yrt. We

ALDERSON REPORTING COMPANY, INC.
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shall have 1o come up with that.

MR. SHEWMON: How manv did vou have in vour bundle?
Sixteen?

MR. PICKLESIMER: Yes.

MR. SHEWMON: But you think 16 works from tahe first

our discussion today.

-+ 8
(%]
P
n
O
(21}
s

MR. PICKLESIMER: That is all:the data we have. I :
can't characteri~e a bundle of 15 from a single recd.

MR. SREWMON: And thus you are saying you are not sure
you can't characterize 14 by 14 bundle from a four by four bundle,

MR, PICKLESIMER: That is right. We are not. That
is why Chapman has done an eight by eight, because we are in the

process of characterizing flow by flow amount.

B 3 =~ -~ - L~ ' -
All right. I feel that a statistical approack mus

&
&)
.-
O
0
b
W

u
1

be developed eventually for the estimation of a flec-
in the bundles. I don't know hcw this is to be done yet. This
still has to be worked ocut, but I think we ar2 on our way.

There are three recent developments that I want to
mention here, and I am prepared to discuss them if you wish.
Otherwise I will not discuss them.

Erbacher of PFP rresented at the Boston symposium a
calculated procedure for determining the time of burst. Xnowing
the time of burst then was the creep equation, an oxidation

equation of burst stress correlation and input heating rate and

initial pressure. He can calculate then burst strains, burst

ALDERSON REPORTING COMPANY. INC. :
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)

stresses, all of the other parameters you want for the burst

.

Now, I think this same line can be used to calculate
the rod average strain, but I haven't had time to work it out ye:‘
to see if it can. But I thinkthe same procedure can pe used.

Dr. Hagelman at EG&G working on our metro work and

track team nas been medifying balloon-2 code, which is a subcode

h

of £flat-T, to allow calculations on the axial strain profile of

ballooning rods during ballooning at any time in the temperature
range using statistical variation, appellate dimensions and
power, axial and asmysal temperature gradients.

Now, he does this -- he is calibrating this at the

lngle rod tests where we

Y

W
3
n
(]
'4

resent time with some of Chapm

0

r. He is using this

kxnow the infrared heater scan of the heat

[

now as input to see if ne can predict the axial strain profile
that Chapman observes in the single rod test.

The indications are that he will. His calculation so
far has only been made with the sine wave input rather than
an infrared scan, but that is what he is doing this week and
next, but we will know within a month whether he is successful
on that or not.

If this is true, then we have a statistical apprcach
for getting at the axial strain profile of a rod. Therefore,
we can get the average strain in the rod at the time of burst.

The more important, I think, approach that has been

ALDERSON REPORTING COMPANY, INC.
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developed recently was a presentation that Sengpiel and Borgwaldt

-

made at our annual information axchange in Carlsbad last Juae,

nalysis or rod strain and

-

w

where they have done a probabilistic
£low blockage in a 15 by 13 pundle.
They used respcnse sirface methodc gy, statistical
variation, rod geometry, temperature gradients and some other
things, including neighboring cold rods.
Now I will show you a couple of slides from that set

of presentations that I think are very important.

Now, this is a 15 by 15 bundle at the plain of maximum|

blockage which he deliberately forced by a very sharp cosine

power profile to occur in a single plain. This is a worst case

a0

as £ar as he is concerned, and these represent that rod strains

3

that he calculated using the Erbacher burst strain correlations.

"

Now, he then lcoxked at the subchannels in each ©

these places and he calculated the probabilities for those having

less than 30 percent passageway and less than 20 percent passage-;
way. This is a plot of those having less than 20 percent ;assaqe;
way left in the bundle. |
Now, he alsc defines what he calls blockades. 1In
this particular group right in here there are two in there that
do not form or have greater than 20 percent passageway left.
What he does is take those two out and collapse all of those
into one cluster now that has no holes in it. He calls that a

blockade.

ALDERSON REPORTING CCMPANY, INC.
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All right. YNow, he looks at three different classes
of rocds. There is one in here, cne a higher zover and one still

a higher power within that bundle. He took into account full

i
O
)
o
v
3
(o8
w
0
'y
O
"
t
)

rods, thimbles, neighbors,

Now, Wwth that they calculate this set of parameters.

t

The plotting here is a distribution, probability distribution
for blockades ¢f certain sizes, a cluster such as biocked, say,
from greater than 30 percent.

Here are his probabilities for peaking here, a cluster

of six subchannels. That has a maximum propcability. f
A cluster of 10 is almost _ero probability. For
20 percent passageway, his maximum probability is for a cluscer

(¥
'

four neighbors. That is a three by three array of rods.

v - . 3 | » 1 ,
A very low obability for a cluster of eight. A clus-

O
"
3

ter of 16 is essentially improbable by his calculations. A
cluster of 16 is a four by four array of subchannels and a
five by five rotary, and he is saying that that is probably by
his calculations the maximum size of clusters you would € rer
observe in a balloon burst bundle.

New, this remember is a conservative forced calculation
where he is forcing his burst to occur in a given plain, all of
them. Now. not all the rods burst.

MR, SHEWMON: How is he getting the variability within|
that plain?

MR. PICKLESIMER: He has variations on the rod

ALDERSON REPORTING COMPANY, INC. !
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power in the neighborhoccd, and rod to rod power, and thermal

aydraulics and surroundings, like cold rods. He is getting all

L

of these as statistical wvariations.
MR, STRASSER: 1Is he using Erbacher's methodology?

MR. PICKLESIMER: For the burst 3data, yes.

MR. STRASSER: You previcusly mentioned that you den't

think vou can use single rod tests to apply to bundles.
MR. PICKLESIMER: Yes.

MR. STRASSER: How can you then use Erbacher's single

rod methodology to apply to the bundle her2? Is there something |

different about it?

MR. PICKLESIMER: There is in this way. Erbacher's
methodology is an averaging ¢of a number of tests, many tests.
Many and some of these are duplicate tests. Others are =-- you
have 20 data points con a curve and you are averaging a whole
bunch, so he is not just using single rod data, but he is
calculating on the first data now. We have to still look at
this for getting rod average strain. I am not sure we can, but
we hage to work at it.

All right. Now, the Fuel Behavior Research Branch
has the following suggestion to make concerning the licensing
actions involved in fuel rod ballooning and flow blockage in
bundles.

The first thing is that if a flow blockage audit

curve must be established at this time, let us base it on an

ALDERSON REPORTING COMPANY, INC.
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average rod strain, not on burst strains. I believe it is ¢cn
a sounder basis technically, and it is much more easily
defended, and it can be extrapclated over different temperature
ranges, although we don't have all of the data that we would like.
.

The develcpments that should cccur in the coming year
in code analyses of tallooning and flow blockage in fuel : bundles
should provide a much scunder basis for auditing £flow blockage
calculations by vendors than will be available from the use of
NUREG-0630 correlations.

Proper combinations and modifications of Erbacher's
burst criterion, Balloon-2 code, ORNL-MRBT average strain data
and the Sengpiel/Borgwaldt probabilitistic approach should permit

ts

(1Y
W

best estimate pretest predictions tc be made for the NRU ¢

(& )
or

O

and for the larger bundle tests that may be scheduled in L
if we can get them to go.

Now, I have already talked to FRAPT pecple on this,
and they don't see any great problem in doing this.

MR. SHEWMON: You talked to what pecpile?

MR. PICKLESIMER: Code pecple at EG&G.

MR. SHEWMON: Code people?

MR. FICKLESIMER: Yes, people whoaare doing the
FRAP-T developments. It is a branch of NRV.

The FRAP-T people at Idaho is what I am talking about.

Now, we can see within the branch that we should have

ALDERSON REPORTING COMPANY, INC.
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are the NRU and Loft, as well as cut-pile bundle tests running
up to 32 rods.

That completes my presentation.

th

MR. SHEWMON: Is this the first time you have neard
MR. MEYER: Scme of it as he mentioned, is very
recent work.
MR. RUBEN: We have been establisiing our regquirements.

L

New, if the measures that are being given here support flow

w

lockage, I have no objection if there is a sufficient amount

i

O
a2l
‘Avl

data pursuing Dr. Picklesimer's flcw of the art approach.
Is this material based rather than a phencmenclogical
appreoach? Perhaps it will be verified , or in the intermediate

years. However, if someone has any

¥
-

term, perhaps a couple of
average strain model or sufficient data, we wou.d be happy to
consider it.

We also would exercise some constraints that the
flow blcckage model predict the bundle data and flow blockage
data as perhaps represented in the new HE-l14 and 15, and I
guess =--

MR. SHEWMON: Sorrv. What report?

MR. RUBEN: -- would suggestthat the strains would not

ALDERSON REPORTING COMPANY. INC.
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105 :
be too much given.

)

MR, SHEWMON: What is the new rercort 13 and 13?2

L3

MR. BURMAN: Figures 14 and 15 of 0630. Those two
figures show actual measures of flow tests. What we are saying
is that it is relatively unimportant how you g2t there if you
have different approcaches. That is fine. Just make sure that
you come cut with a blockage..mcdel that: predicts reasohably well
the blockage data.

MR, SHEWMON: Yes, I guess discounting partly the
enthusiasm of the research man for how soon he is going to get
results, I certainly have -- I would be happy with an average
strain than a maximum strain, I guess. It just seems sO much

.

more plausible physically to me,

Ncw, you can say I massage my numbers three times and

get my point, and you may be ri retaion of

’ ™ .
ht. That is my inter

ol
4

ut if you can

o

what you told me when I asked ycu that before,
bring i1t in the first place, then you don't have to assume that
when you massage your data once that it is for all temperatures
or whatever sorts of things there are.

MR. MEYER: Thereare still some massaging assumptions,
in here. They are less risky than the ones involved in our |
method.

MR. SHEWMON: Yes. I am only talking about the first

'

part, not the statistics of the lLast pairt, which is an

interesting serarate exercise.
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MR. MEYER: Just in the assumpticn that the axial
average strain equals the coplanar of the gstrain, I think one
needs to lcocok carefully to see that that holds for all strains.

MR. SHEWMON: Yes.,

MR. MEYER: For example, the model would absolutely
preclude 100 percent flow blockages. Ycu wouldn't have an
average axial strain depending on =-- you would have a == I
think it is abetter approach. I don't mean to be guibbling
about that.

It is relatively unexamined, and I can see that if
you pursue the same avenues of critigue that have been pursued
with cur model, that you will run into similar problems. My

guess i1s that they would be more forgiving than ones that we
4

It is a matterof what is in hand and what isn't.

MR. SHEWMAN: Yes. Geocrge?

MR. MORINO: I would like to point out that --

'

MR. SHEWMON: Louder.

MR, .'ORINO: We will have to have a correlation factor;
for the average rod strain versus the average of the strain
of maximum blockage, ad that correlation will be subject also to
critigque cutside the range where we will fund the data.

Now we are hoping that since we have material
properties, that zircaloid is non-stabcle. We want to be able

to predict that. But we think it is a better approach.

ALDERSON REPCRTING COMPANY, INC. i
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26 ] MR. PICKLESIMER: A very guick, cursory 2xaminaticn
. 2 this morning of the bundle data indicates that the maximum
3 | blockage is equal approximately to the average rod strain in the
1
4 | bundle, plus two sigma of that rod strain., So it looks like w2
i |
- § | are not too far away from having a satisfactory usable correla-
3 |
§ 6 | tion, but it has to be looked at.
3 . . : '
5 7 | I just think we are on sounder grcund for going out-
: ' |
EnD TAC® 8 | side the temperatures where we have data.
3 3 |
Begin = 9 MR. SHEWMON: Very interesting, Dick. Thank you.
Tapes Z :
§ 10{ I don't promise any comp time for Monday but we appreciate it.
im s |
§ 11 ’ Gee, the rest of the afterncon is scheduled for
’ |
g 12 } Westinghouse, it says. I hcope you don't take all the time you
= |
‘ = 13 | are scheduled for.
s e
n . . .
= 14 MR, ESPOSITO: We will at least give you the hour.
z 15 My name is Vincent Esposito. I am the Manager of
=
; 16 | Safeguards EZIngineering forWestinghouse. There are a number cf
o |
g 17| items we would like tc discuss this afternoon. All of the
- {
z :
» 18 | presentations that are being made, the handouts have already been
- ]
= !
; 19| given to you. We will not go through every one of the s lides
=

20 | there.

21 ; We have included the slides for information purposes
. and for making the points more vivid, other than just some

23 one-line comments. Sc you have the basis for many of the

24 5 comments we plan to make.
25

The items we wouldlike to go through this afternoon

| ALDERSON REPORTING COMPANY, INC.
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re £irst what the issues are as we see them; namely, What are
the differences of cpinions between curselves and the NRC
model.

We would like to then look at the fiel aspects. That
is what you have been hearing basically today, with the excep-
tion of Norm's presentaticn. How we interpret the data, cur
ocverview of the technical issues relative to fuel aspects; and
our results of the review of the data that you have been seeing
this morning.

The next item we woul” like to go through is the heat
transfer of flow blockage information. Dr. Meyer made a comment
earlier that we were using this as a pasis for saying that the

fuel model or swelling shor.. be. Really what we are doing here

L}

is to show the thermal hydraulic effects of blockage in terms of
what the experiments are giving us.

Dr. Hochreiter will give an overview c¢f the avallable
data and some recent Flecht-Seaset data which we received over
about the last three months or so.

One issue that has been brought up a number of times
today is what is the potential impact ¢f NUREG-0€30? And we will,
present peaking factor impacts from evaluations that we have
performed to date using 0630, and we will give ycu that
infcrmation.

Then finally I will wrap up with scme conclusions

and recommendations. Some of the conclusions will be technical
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!
and some will be philescphical, and the recommendations will be
very pointed.
Let me first discuss what the issues are. There are

asic issues. You have been hearing abcut them all day

o

thrae
f today. We are talking about burst temperature, strain and
l blockage. The differences of opinion petween Westinghouse and
l the NRC is the following.
i In terms of the burst temperature, Westinghcuse does
not agree with the NRC's heat uprate dependence on burst
|  temperature. As it was stated earlier, we did put in our small
break model a heat uprate dependence on burst temperature. That

dependence, that mcdel shows less of a dependence on heat uprats

| and that will be discussed in detail by Cennis.

In terms of burst strain or strain information, I
-

think @ all agree it is important to use prototypical data. I

think the problem is that we all have a different interpretation
or a different definition of what prototypicality is. Again,
Dennis Burman will cover each of these fuel aspects.

i Finally, in terms of going from strain to blockage,

| the use of a statistically average, not maximum strain to

| arrive at a flow blcocckage we believe is appreopriate.

| Those are the three basic issues as we see them. We
will address 2ach one of them in the technical presentations that

follow.

ALDERSON REPORTING COMPANY, INC.
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Just for giving you a frame of reference a

little bit more succinct way than may have be
want to tell you what the different parts of
terms of the evaluation,.

For example, if you lcok at burst

this determines the incidence of burst. If we use

we will get earlier burst.

=hcse models

This results in one more

reaction and two, higher gap conductance atter burst.

these will give you a peak clad <temperature
MR. SHEWMON: The £first one I unde

don't understand the se ond one.

rstand.

-

-

a.n

arli

i

Iqess I

MR. ESPOSITO: The reason for the second one

by bursting earlier, the clad hasn't expanded or hasn't

er

§os
e

away from the pellet, so if you burst ear

vour clad

-

-
-

d0

Beoth

to vour pellet, so you have better communication in ®rms

3
(o9

heat transfer between the pellet and the cla

MR. SHEWMCN:

lower at first if vou burst - .rlier?

MR. ESPOSITO: That is correct, ves, aid that will

~
-

You are saying the average strain is

-

&
-

give you higher heat transfer between the pellet and the clad,

wn

anéd therefore, increased clad temperaturs.

see.

MR. SHEWMON: I mean, in essence h

© that is what

e is saying that

the rputure strain to average strain is higher =-- there

average strain for rupture earlier, even though it bursts

ALDERSON REPCRTING COMPANY, INC.
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someplace.

"

MR. ESPOSITO: At the non=-purst ncde, the clad will

not have moved away as far from the rsellet if you burst earlier.

‘a

This is tks non-~burst node.

MR. SHEWMCON: That must have more to 4o with your
model than data, though.

MR. ESPOSITO: Well, this is the result of what you
will get if you use the mocdel that we hawe ir. “ur calculations
along with the NRC model.

MR. MUENCH: As I menticned before ==

MR. SHEWMON: Are vou from wWestinghouse?

MR. MUENCH: Yes.

MR. MUENCH: Rick Muench from Westinghcuse.

A valid point made earlier was only three models

nave changed, burs+< temperature, blockage and burst strain.

i

did nct change, okay? So we have

w
"
[

Swelling prior to bur mod

o]

i

not changed swelling prior t¢ burst in a manner consistent with
burst temperature change, so by bursting =arlier all we do is

we burst at a point where the plant has swollen on the average
actually toc a less extent.

That is what gives us the difference between =-- 1t is
a function of what you would get if you raise =--

MR, SHEWMON: 3But it is a functicn of your models,
nct the NRC models?

MR. MUENCH: The NRC models.

ALDERSON REPORTING COMPANY, INC.
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MR. [!B: Because =he NRC models =--

MR, SHEWMON: Let's let the NRC speakx up.

o

MR. LAUB: NUREG~0630 concentrata2s on bursting and

her mechanical

or

in answer to your guestion earlier, what about o

things. I said NUREG~0630 is not addressing pre-rupture strain,

.

80 that is as Rick said, not being affecte

So if you are bursting earlier, your strain on
locations othe~ than the burst location is not going to be
affected. It is just going to be less.

MR. SHEWMON: 3ut 10 minutes age Ralph was telling
us that he assum3d the average strain that he related to flow
blockage increased with burst strain, and therefore, ne should
have a very high average strain., And you sust don't talk to him
about that part with your mecdel.

Is that what you are telling me?

that i1f we are

i

MR, LAUB: And I think I also sai
going to talk about blockage in the future it is going to be
related to average strain, it is going to be very important to
review pre-rupture strain model.

MR. SHEWMON: Is that a commitment?

MR. LAUB: Well, I guess it has to ce, depending on
what is being submitted.

MR. SHEWMON: Okay. Touche.

MR, ESPOSITO: These are the two ways in which the

burst is =-- the next one in terms of burst strain

ALDERSON REPORTING COMPANY, INC.
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ZR~- water reaction again. I think that is pretty straight
Pinally, in terms of blockage which determines th

cooling penalty, NUREG-0630 gives more blockage, which will

.

c¢lad again because of

~

give us an impact in terms of peal
what the models are doing.

So this is in general how the three aresas affect

1
)
)
wn
Q
[
[
(9}
o
[ S
o
(r
’1
O

n given models that we have today. So I have

ried to crisply give you the issues and their impact. The

alsc

the

first part of our presentation will be by Dennis rurman on the

fuel aspects, arl that will be followed by Larry Hochreiter
“he heat transfer and flow blockage information.

Dennis?

MR. BURMAN: ._Before I start on my presentation, I

lik

19

to address a few points that were raised =arlier. That
in discussing whether there were ccld tubes in any of the
multirod burst tests. In the Westinghouse multi-rod burst
test, we had two cold tubes in a four by four array, so that
had 14 heated rods and two cold rcods.

I have not done an analysis of the strain near th
cold tubes versus other places, but I have locked at the
direction of the bursts, and I £ind that with a very high

degree of confidence you will f£ind that there is a cold wall

on

we

effect in that all of the hot spots which had already been burst

ALDERSON REPORTING COMPANY, INC.
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were pointed away from the unheated rods.

Se there is 3 temperature localization effect there,

and I would expect that to carry over into the strain because

(R

as we will get into later, the amcunt of strain is a direct
function of the temperature non-uniformity, and all the other
effects are second corder.

There were a couple of comments made about the

1

ike to tear up:

[

Westinghouse multi-rod burst tests that I would
first, that we us=3i a spray coating. We did a careful analysis
£ the use of the coating pricr to doing these rods, and we |

burst rods in a single rod mode with and without the coating,

and there-was a preparation of the cladding, sand-blasting,
roughening of the surface prior to putting the coating on.

We tried it both on prepared rods, rods with the

o

sand blasting, and rods with the sand blasting and coating and
found that the coating never resulted in less strain in virgin
rods which had received no treatment, so there was no reduction
of strain due to the coating.

There were a few rods failed by arcing. There was
less than 10 percent of the total rods tested, and therefore,
although that is a source of non-cconservatism, it 1s not a
large factor. So I like to keep the record straight on that.

In Ralph's curve on maximum strain, he shows some
points up quite a ways above his burst strain curve, and as I

look at those points -- and I talked to Bob Chapman -- most of

ALDERSON REPORTING COMFANY, INC. |
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those points were pcints in which the heater rods had a linear

power of the order of .3 or .4 kilowatts per meter.

’
b4
’.J
Ly
1

Now, the power in our reods in LOCA 1s about .

watts per foot. These very low power levels result in a low heat

£lux across the gap which results in low circumference of ‘:emperai
ture differences and make them non=-prototypical tests.

The same criticism, I believe, applies to the Erbacher;
test, althcocugh I don't have a one to one correlation. I recall
Franz Erbacher telling me that they should not be used because
they were very low powered tests and not appropriate for -- and :
not prototypical.

MR, SHEWMON: You are saying low power goes to naigh
strain? .

MR, BURMAN: I will get into what causes large s:ra;ns:
and small strains a little bit, and it is essentially a tempera-
ture difference around the cladding, as shown by Argonne, and

that can be shown und we will in the future be able to present

s a direct function of the heat

P

you data that shows that that
flux across the pellet clad gap,and not a function of heat
up=-rate.

This is just quickly what I propose to cover, that
our small burst temperature mocdel shows good agreement with
ORNL and other data, and that there is no need for a new
correlation, that our burst strain data and corr:laticon show

good agreement with the CRNL multircd burst tes®. individual rod

ALDERSON REPORTING COMPANY, INC. i
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burst strains, and the difference between the NRC

maximum versus

4
]
w
it
",
e |
e
o
O
“
w
®
H
O
(o8
(1]
'...4
w
'J
(7]
it
4
(1Y)
13
u
o
Q
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a

MR. SHEWMCN: How do veou define average

MR. BURMAN: What I am talxing apouthe

oA

- T

verage

@
r

7]
o ]
O
1
o
&
o

raw average, but the average burst strain. In other words, 2as

v~ recall from some of our previocus slides -- and thers is one

in your handout which shows a block of Westiaghouse data that

shows some rods with very high strain and some rods with very

low strain, depending on the particular temperature distribution

that they receive.

is one I

r

think I included that. I

MR. SHEWMON: I am sorry. The answer

that you have averaged how?

’0
n

MR. BURMAN: These averages are averag

h

ave showed vou

MR. SHEWMON: OCh, not on a four by four or some

cluster?
MR. BURMAN: DMNo, these are the average
of a whole lot of individual bursts.

thought that is

L]

MR. SHEWMON: Okay.
defines his maximum burst strain, isn't it, or he
it that way.

MR. BURMAN: In that sense Ralph's def

-
-

burst strains

nition 1s very

ALDERSON REPORTING COMPANY, INC.
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similar to ours, but then he applies it to much higher single

1)

rod strains than we do because of his use of data with very low

circumferential temperature differences.

A guick rundown of the comarison of the data bases:
In numbers of single rod burst test data points, Westinghouse has.
a total of 261 versus the cones reported in XUREQ-0630, which were
178 in total.

MR. SHEWMON: I take it you have made all 261 available
to the staff?

MR. BURMAN: They have been available to the staff
since our early models.

MR. SHEWMON: Okay.

MR. BURMAN: The number of multci-rod burst test data

1Y

oints wer

=

1l 1n either case, and I think more importantly,

o

1]
131
(9]
Q
(r
1
"
-
n
(r
',J
9]
w
L o
1
"
']
t

|
Wt
oF
(Y]
it
O
=
2t
r
("
n
ot
n
t
1]
L) |
i
LB
o]
3

the statistical c¢h
under a single set' of conditions with many tests at the same
condition in order to get statistical wvariation, whereas the
material in NUREG-0630 seemed to be hetercgeneous. They are from
many different investigators using different methods, and very
few were tested at the same conditions, so they don't have goed
statistical scat~er data.

Therefore, they used essentially an eyeball upper
tound.

The question of prototypicality: We have tried to

ifferences betause that

i
[N

prototype expected inpile temperatur

ALDERSON REPORTING COMPANY. INC.
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is what is going to cover strains in a reactor. In NUREG-0

the prototypes are only internal heaters, regardless of whether

they had the proper power and steam-cooling on “the outside or

whatever. They were anything that was done with an internal

[

rototypica

. -
-~

rod heater; it was considered

O

ingle-rod bur

tt
u

Here I have a curve of the ORN

test, burst temperature curve, and that is ccmpared with

st

it
e

Westinghcuse small grade curve for the same 28 degree C/seccond

data, and you will notice these dark lines here, bound the

Westinghouse regicn of design interest.

This is where we are designing reactors, from

ners

to here. 1If you will note here, they have a cluster of data

nere in which our curve £fits a group of data as well as t
does.

Furthermcre, since we Xnow that the measured t

heirs

empera-

ture always has to te some amcunt less than the burst tempera-

.

ture because rods always burst at the highest temperature
it may be very close, but there is always a delta =-- the

point that they have other than here within our data rang

i

ting our curve

i’

this single point here, which is really £i

than their curve.

So that in the area where our curve is non-

conservative with respect to their curve, the data actuall

our data better.

Now, I don't know about the Argcnne data base.

ALDERSON REPORTING COMPANY, INC.

only
e 1is

better

- =

¥y Lits

Do you



STON, DC. 20024 (202) 5564 2456

SW. REPORTERS BUILDING, WASHINC

300 TTH STREET,

10

11

12

13

14

16

17

18

19

20

21

S

(]

24

25

119
have any data from Argonne that £ills in that area?
MR. SHEWMON: What is your pcint on this?
MR. BURMAN: The point is that they are sayving that

are nen-conservative because we are higher

ot
o
=
r
o
1}
ot
W
L
[
8}
(&
ot

m

supports our curve better than theirs.in this

"0

data itse
region.

MR. SHEWMON: Okay.

MR. BURMAN: Yow we don't care really what happens
nhere because we are not designing over here, and we are not in
bad agreement over there.

MR. SHEWMON: And that 20 degrees diiference is
enough to argue about?

MR. BURMAN: That is encugh to argue about.

MR. SHEWMON: Okay.

MR. BURMAN: YNow, further discussion of the ORNL

single=-rod
MR. SHEWMON: While you have that there, one of
Esposito's comments was Westinghouse doesn't agree with NRC's
heatup rate dependence. Youare going to get to that later?
MR. BURMAN: We will get to that later.
MR. SHEWMON: Okay.
MR. BURMAN: This is a plot taken £rom one of the
ORNL rotary reports which shows the temperature heat-up at an
elevation near the burst for four different azimuthal location

and this is for what is called in NUREG-0630 a 28 degree C per

ALDERSCN REPORTING COMPANY, INC.
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-~

seccndé neatup rate. Now, the 28 degree C per second is a curve

w1 1 T a myT e )
with parallels in this lower part.

Up in here where the strain is occurring, you can see

¢ =% .t . . < - 1 «
: a-:'der- .~-Cw, ::‘.-3 - 3!".‘ '

mu

0

that the neatup rate 1

u

representative. Here it is about one-half of the 28 degrees C
per second. But we looked at many of these curves, and we Zound
that some of these were negative heatup rates in these last three
seconds. Scme of them were zero, one, £five, whatever.

In the suggested way of implementinc 0630, they
requested we wait the ~eatup rate, since it i1s not a constant in
a reaction, towards the time just prior to burst, the highest
temperature ar2a. If we do that, thenthis should not have been
a 28 degree C ger second heatup rate. It should have been

something like a 13 degree rer second.

"
(4]
ot
W

MR. SHEWMON: It locoks like : negative heatup
to me.

MR. BURMAN: Well, that is after ovurst. Wwhen the

(l
s

pressure drops off here is the Lurst time.
MR. SHEWMON: Which one of those is pressure?
MR. BURMAN: This is pressure. I am sorry. The

temperature scales were arbitrary, sC --

(r
v g
®
n
™

MR. SHEWMON: It seems to me anytime you get into
two parameter curves for something as complex as a LOCA, vou
have got approximations. Is there any particular resemblance

to the anncinted LOCA calculations. heatup rate and that heatup

ALDERSON REPORTING COMPANY, INC.
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rate? Was that sort of chosen to get an average, or does that
correspond to what is 1i!

MR. BURMAN: What happens nhere is a =--

MR. SHEEWMON: What would the real one lock like 1in a
LOCA?

MR. BURMAN:. It may be all over the place.

MR. MUENCH: I had one slide I didn't shes. This is
an instant computer printout.

I am just goirg to draw something. I am not sure it
is relevant, but it is conceivable it would.be.

MR. SHEWMON: You make more points with the chairman
if you could <~ go ahead. Draw it, and then yow can talk about
it. You are blocking it all cut now.

MR. MUENCH: I am not trying to bias the proceedings.

(r

nitia nt heatup,

f“
[

O
b
fo
14

The way th LOCA starts is ycu have th
and this is when you are going to close stagnation inthe core,
and then there is a cocoldown during the flow reversal, and I
probably have these a little bit relatively out of whack here.

As we get to -- almost the flow starts diminishing
towards the end to blowdown. This cooldown rate diminishes and
it actually starts heating up again; go through refill and then
reflocod. Okay?

So here is approximately end of blowdown, and it is
around this range here typically they are reversed. Luw, there

are variations.

ALDERSOM REPORTING COMPANY., INC.
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1 MR. SHEWMON: For the particular high heatup rates
2 ~ that he was talking about?
3 i MR. MUENCH: Well, this heatup rate we are calculating
4 | would be in the neighborhcod of f£ive %c :ten degrees ger seccond.
|
3 | That is the heatup right here.
i
6 | MR. BURMAN: There are variations. The reascon.for
{
7 j this particular shape here is that about in here the clad gces |
38 into alpha plus beta transition. It doesn't in all of the
9 | curves, and that is not necessarvy.to see this slowdown. Then '
19 | as it comes down of it, as the strain starts, then you are ;
11 | getting to very high temperatures; the radiant heat loss, their
12 |  unheated shroud causes a larger heat transfer, and they have a
13 i fixed constant pcwer, so that the heat uprate drops off.
4 ; When we correct scme of the data for that == .4 I
i
15 i apologize for a couple of errors on this slide -- the x's on
16 f here represent -- and I don't know whether you can read your
|
17 ; handouts better than the slide. They are very small.
18 The x's here represent what was reported tc be a
19 ; 28 degree heatup rate. The numbers alongside of them is ocur
20 | calculated average heatup rate over the last three seconds prior
2] 5 to burst, and vou can see that =-=- here is one that I pointed ocut
22 a little bit ago. It tended to support our line better than
,
a3 . theirs but it is actually a 10 degree a second rather than 28
24 . degree per second.
35 As you look over in here, we see a four degree, a

| ALDERSON REPORTING COMPANY, INC. »
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33 degree, a 10 degree, a 23 degree all grouped together in

ot

erms of burst temperature.

Up in nhere there is a minus 8 here. There's also a

ek 4 3 ) 1 P T e 3 3 1 % ™
one wniich overlayvs thls that we didn't Btut on the curve. There

is another minus eight. There is a 17, and I am not sure if that

is a minus or not. There is a two ¢ gree; a zero degree herse.

MR. SHERMON: Let me ask a different point. If I

'

take longer toc heat a tube up to its first temperature, will I
get a higher burst == if I heat something up along slowly until

it *urst, anc. I heat another one up faster, which one will

rupture at the lower temperature?

ALDERSON REPORTING COMPANY, INC.
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\ ol Al ] %4 -~ 4 %9
"Ee 2URMAN: ke one that wui ruptuce at the
lower temgeratire is the one that has a raximum stzain
localization due to temperazure differences around the

32p. Aind it's not necessarily a function of the heat=-up
rate.
MR. SHEWMCN: S0 you're telling me that creep

is some small amount of creez, but argon and -- in the work
that they've done have shown that essentially ycu can ==

well, they've shown essentially that you can correlate the

-

circumferential temperature differences to, in their terms,

Qa

nstant ccolin

o
o

heat=-yp rata, 2Ciluse they were using a ¢

O

’

and therefore the higher the heat-up rate, the higher the

same temperatur=.

Ckaye Now, the mcre that you localize the strain
and you tend to get the loccal nelting e.fects, you'll get
burst at a lower temperature wi*h higher temperature
differences. “hich means that anything that gives you a
high temperaturas d4iiference will give you a scmewhat lower

burst strain.

ALDERSON REPORTING COMPANY, INC.
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¥Re SURMNAN: == other than == yeah =--
MR« SHEWYONs You have certain -- sometimes you

quote from the Cak Ridge data.

Lol - re
¥R. 3URMAN: Yeahe.
¥k, SFEWECN3 N fact, L€ ve look at that graczh

that ycu had on earlier, it showed some of that data, thcugh

you chose not tc talk about it at that time.

YRe ZURMAN: We found -- we found that slover
heat-up rates did give lower burst teamgeratuyrss to sorne =--
but ¢to a lasser desjyree than we have here.

2. SEEWYCNs But it should zive & higher rurst

temperature, Ly the reasoning you were giviag, wasa't .t,

that the slow heat-up rate would give more unifo

"
4
~

. -
w
n
0

temperature diffar2nce, and thus ==

true stress. tyt wa're plotting against essentially

ALDERSON REPORTING COMPANY, INC.
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angineering stress. The difference Cetween a %“Tue stress
and engineerins strcess zets larger as it -- as the

tenperature difference gets largerce. And therefore for the
sam2 true strass --

SE

(5

W%CNs How is "truth" defined in this
case? What's "trge stress"?

¥R. EBEUEMAN: That's the local ~-- the local stress
at the rupture versus the average coriginal =-- stress based
on the original diameter and thickness.

MR. SHEW®ON: 2And so this is -- is the average ==~

r after we've

O

the stress locally while it's.3till uniforn
gotten instability which has started to thin?

20
ces

» ~ - : -~
MANGS The trus stress at the point of

¥%. SHEXMOMN: Ckay. Now let me come back. If I
go to your second or third Vu-~graph, I £ind that their »urst
temperature is lower if I have a2 low heating rate.

weo

to

UR¥AN: Yeah. #when == when plotted on a

-
engineering stress basis, that's correct. And that --
Y2+ SHEWMCN: Yes.

2URMANg == that's because of the greater

difference between engineering stress and true stress.,

YR, SHEWXCN: So it's complex. Well, go aheaid,

ALDERSON REPORTING COMPANY. INC.

400 VIRGINIA AVE, S.W., WASHINGTON, D.C. 20024 (202) 554-2345



r

10
n
12
13
14
15
16
17
18

19

21

24

ot
2
D
=2
.

complex.

first, tl

two soli

degrese ¢

are cocther ramp
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form a v
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Secause

degrees

127

= - ~ - . -~ % »
"3+ SOREANS X277 it's 3 vary coaglex artguments
SVIwmrTN N - - . L
2. SEEWMONs 1I'm not sure it's correct. 3Bgt it's
- 4 A Lok "I - . %
« SURMANG The sther poianat to make here ==

he arror that I menticned in the gragzh

d circles here should e

er second sc-called tests.
The round circles here are =-- the dark, round dots

rate tests,

s 5 degrees, scme as 10 degrees, and scme as
al, C degrees.

And the =-- as I understand, the way that the 0630
s developed Was tc use %he 23 degree per second

d the isothermal data ia harce

betwean the twe. isothermal d4ata

2 -
initergoliate

ut anywvhere acrcss here on the curve, depending con
you want to wait for it to burst. So it doesn’t
alid pcint down hersa,

Jur cucve happens to agree guite

. . i S -
well W.th

19
r

.

rer seccocnd cur 'appens te agree guite

sonsidar that an invalid extragpolation,

using a logarithmic extragolation tetween S
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between 23 1iegrees a2nd 1 dagree? fou were axtrapelatianc on
vhat plot?

"2, 2UR%AN: In our single~zod burst test data,
not == nothing +o ic with this data, we have data at 25
degree C per second and at 5 degree C rer second. w2 also
had faster data. BZ2ut our slowest rate for 5 degree == °
degree T, I'm sorry, 5 degree F and 2% degree F. when we
£it all of the data to a curve, using least sguvare fitting
tachnigues, to correlate the ramp rate 2£f£facts, botween the

maximum data, which was 200 degrees F per secend, and the

ninimum, which was 5 degree F per second, and it fits t

iata pretty well. ihen we axtrapclate it down to 1 iegree =--

heat-up rate is l2ss significant, the limit is less
sigraificant of a variable than what the staff's heat-up
ises That's what that ccmment means.

- ~rr gy - @ . .
ME, SEEWYON: OCOkzy, It dcesn't mean it's

ALDERSON REPORTING COMPANY. INC
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I v . - - s & 2
nonexistent, ~t's less significante.
P = ; 21 i
¥2. ZSPOSITCs No, it dces nct mean that.
‘.'-.o SEEA¥CN3s Ei:éo Thank 70U .

YR, ESPOSITO: It 3Just means it's less significant.
“?. SHEWYCN:s Pardon me, then.
¥R. BURMAN: I've done some compacisons with other

data. This is a compariscn of ocur heat-up rate dependent

curve and somne data from the Fresnch ED . AR tests and their
correlation of d4ata. And you can see that there's very goo

1gr-ement b2twean those.
T also have compared our data with the REBEKA data
cf Erbachar. And *this dashad line is our 1 degree C per

second curve, which agrees with his very well. And a =--

this line with the ¥'s on it here is a 30 degre=

«©)

gecaond line, whizh compares very well with his 30 degree
per second line.

32 these three data sets, ours, the
program, anid the German REEBZXA crogram, 2ll agree very well
on the heat-up rate within themselves.

Our conclusion, then, on the rcamp rate effect on

burst temperature is that when ramp rate effects ars

correctly accounted for, thes westinghouse small break turst

ALDERSON REPORTING COMPANY, INC.
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And because of that, we don't see any reascn for
imposing a 3iifferent model. s2 do not currently use the

small break model in the large treax LCCA, but we have said

that we would 1o that.

+3

ol
.

A
Al
'.4
D
or
P,
o
w
Q
(9]
~

s is the curve I menticned a 1li

'4.

whizh shows the Westinghouse single-rod burst test data and
showing the larce scatter in data at essentially the sane
conditicns. And it's siaply a function of the randomness c¢f
the temperature distribution. In ocur case, because we had

pellets inside ¢f the rod which were unheated and were

acting as heat sinks, and they never stay in th

®
(9]

enhter,

Just as fuyel pellets never stay in the center, and we had

th

uniform external heat flux in. You get the same sort ¢©
thing, we would expect the same sort of thing with fuel

pellets on the inside and a uniform heat sink on the outside.

data. This is an upper envelope 0f that data and a lower
envelope of that da%a. And in here I've plotted the Oak
Ridge multi-rod burst test data, the individual burst
strains, individual rod burst strains, from the CRY)
I also have shown cur Westinghouse LOC2 model for burst
strajin. ARd you can see that it captuyres alacst all of the
Oak Ridge aulti-red burst test individual rod durst

straiases This is meant to be 2 best-estimate model and was
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approved by the staff previously as teing in compliance with
Appendix X, even thcugh 1t 418 not == it was 0t an
spper-bound mcdel. The staiff is now saying that that was
not valid, that one must use an upper-touni model. This is
a difference in opinion between zrevicus NRC perscnnel and
current NEC personnel. And it makes our job very difficult
if next meonth they have a new gerson who comes in who has
yet ancther interpretaticne.

24t you can see that e essentially, ve ccnsider
the == their multi-rod burst test data to be nearly

prototypical

their points

there's

that

betwaen thes

They also show a circumferential

localization
localization
shown here
difference a

mysterious

. And you can =ee that we 2nvelope most of

¢ there's a couple of outliers.

i
2N
"
L
a
ot
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iy

L
o
n
n
W
(ad
=
s
[
x
o
<
o
)
b
O
ot
ot
e
1
or
T
g

umferential strain against what they call a
lizaction parameter,” which means the == a cscre
verage strain around the rode. And yca can csee

a direct correlation, a very steep correlatioen,

e two

-= OorC, I'n the same radial straina

paraneter plotted o6a last curcve is

temperatuyre
this is

- - -
¢ Surse,

ot

makes strain localize
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would b»e this one, where it
the curve's over a longer distance. And this =~ What ==
because the ~- the thickness reducticn here is pregeortional
to the circumferential strain, he's saying that this side of
the tubing strained a lot more than this side, and the
reason Zor that is the temperature difference across it; and
that's what they're showing in these two slides that

showved back here.

<
0
.
¥
L]
0
~
(S
t
%]
U ]
4
3
g
-
(5]
20
L]
“
w
b |
B2
i
P
w
§

comment here, in

3

1 %4 :
~0CaliZatlon

.c,
-
.

Stra

b
L} )

locking at the report, this radia
facter is a complex function of the ratioc of the wall

thickness at the rurture versus the maximum wall thickness
in that plane sffect., It's 2 complex functicn of that; it

is related to it.

Hageman‘'s a little while agc, whera ha tocok a whole bunch of
tests, including Chapman's tests at CRNL, (NAME
UNINTELILIGISLE) at Argonne, Hokson's at OSNL, the German
data, et cetera, here, and showed tha*+ the hurst tengerature
can Pe plotted against true hoop stresse. And true hoog
stress here is the stress considering the clad thickness at

the point of the rupture at the time cf rupture, rather than

ALDERSON REPORTING COMPANY, INC.
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was just before the instability set

cupture?

" - - > o 3 - - - . . o~
¥R BURMAN; I think that's the definition used,
L .
ientt 4"
- N S . b s - - -
“Re ICXLESINER: No, it's that is the stress

at cupturee.

¥MR. BURYAN: At rupture.

{R, FICXLZSIMZR: That's the stress at the
fracture itself.

MR. EURMAN: Okaye I'm sorcy, I =--

M2, SHEWMON¢ So after the instability has

i

So that it's effectively related %o
the wall thickness at that time and the gas pressure and the
heat at that tine..
ut I don't see how the Sam Hill you use that f£cr design or
calculation.

“Res BUR¥AN: You can'te. =ut the thing that this
shows is that if you can deternine 31 relationship ltetween

local to average stress from this strain localization

"
W

parametar as a function of the circumferential temperature

differences, as they have here, then you ¢an show that the
difference in heat-up rate is 3 functicn, a first~order

ALDERSCN 1EPORTING COMPANY, INC.
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functiva, of
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function

The
in FRAP=-T for
designing. T!

s2e burst taznm

and that they

tests are tnese t

gp upside dow

=
b

which i ela

"

(]

3

a 1d the cl

"

ot

'™

nuclear fuel.
unirradiated

irradiated fu
plots on thos

the other da;

~

that temperature i.ffarence and a seccnd=-crder
nything elze.

PTCYLESTNER s 43y I make 2 soint here?

gurocse o0f this is to develor 2 model for use
calculating the curst strains. It's not for
his is strictly for FRAP-T.

R . —~
SHEWMON: Okave I understand.
EURMAN: 3Sut I think it dces explain why wve

OC ranp rate or heat-up rate effects

1

(ad
o’
1]
4
o
wm
n
[
r
[+
"
i1
O
5}
o
ot
o
®
”

. 2 B e g 2 T o
ies occur in-gile as well as in cut=-of-gile
- £ *R2 r = r i
asts from the X2 -- and I guess I put it

in thickness

n ~= which show this 2ifference

e | s £& - - - - .
ted tc the difference in temperature and strain
N L - . o -
addiny; and these are from in-gile tests with

-

el, and naven't seen the

e, but we talked to
he coculd see nc

and he said that

ereviocously izradiated and unirradiated
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Another sisce ¢ a2vidance for acn-unifornmitias,
tenperature uniformities in pile is some glctures of sone
dsestiaghouse fuel rods which have underzone tigc cyclzss of
irradiation. 2nd what you're seeing here is dark crud
patches on the rodse. nd these rods were running at a
temperature and heat flux and coolant chemistry combination

which puts us on

the

1issolution of crad

boundary betwvween

on the

surfaces of

deposition

wheraver the temperatures and hezt flux

were slightly higher

you £find a crud spoct. And you can see that these are rellet
interval lengths hare. There's no doubt it's the pellets
that's doing ite. And you can see that even after two cycles
thera's a spiral pattern with sudden ocffsetse. There == I
don't know whether there's ancther figure in your kits which
shows a smaller scale or not. 2ut we have other,
smaller-scale pictures which show longer lengths and show
that these spirals are predominant in hare.

This shows the temgerature ncn~-uniformity and,

essentially, a ge

in this fuel after two cyclas, so it's surely there early in
lifs when LOCA is the worst.

4B, LAWRCSKI: 4Where's the spiraling you're
referring to now?

¥RE. BURMAN: Well, for instance, here you see the

pellet is

against the cladding here.

p here it's cver in

ALDERSON REPCRTING COMPANY, INC.
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this side. It sort of splirals around., This is sort of an
intsrrzupted spiral here.

In the other pi that we have, which are

O
ot
[
n

ure
smaller-scale and don't show up on here very well but ccver
a locnger lsngth, you can se= the spirals more pronounced.
I've run tests where I used transparent tubing and
I'va tried to stack pellets up in'it, and you £ind that you
cannot center a pellet in the tubing; the stack is not

dimensiconally stable.

(=

R, SHEWMCN: VNow, what are your precdictions about

.

-

how the NEU experiments are going to turn cut relative to

«

the stats’ ictions, then?

n
"y
"
o
[o %

¥2. SURMAN: w“ell, I'm not sure what the NRU test

o]
s}
O
2]}
o
I
o

matrix is yets AaAnd it is gocing to re a functi
povwar level that they use and the steam £flcw on the outside,
.
the heat transfer; there's a whole lot ¢f things. And I
would expect them tc be much lcwer than the staff's upper
bound.

¥?. TSPOSITO: Dr. Shewmon, just a point about
that. @We are going to be involved in reviewing of that NRU

information and vwe will omments. (WORDS

LS ]
"
O
<
b
¥
®
(]
“
"
Q1

1]
or
b=
w
r

UNINTSLLIGIBLE) test facility and all of the condition
b 4

we're talking about. I believe next, I believe this Meonday

r
o
1 |
w
ol
—~
>4
)
1)
Lo
N

ll be involved with

e

tWwo 0f these gentlemen w

UNINTELLIGI2LE).
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- ow r Lo i = - 23 miT i es
MR, SHENNONs It aicht increase your credibility

could tell them what's g¢ing to hagpen anhead

b
2]
<
o
[

and it happens.
(Laughter)

s
ale

£
N

-~ rwe - o~ -
SPOSITO: I agree.

ol

MR. BRURMAN: In cecnclusion, then, vwe telie

our models are in good agreement with CENL and other
where prototypical temperature differences were used
matter of fact, over the last several years, I think
will bear ne out, I've attended almcst every meeting

they've had where they've

O
La ]
W
w
©
b |
or
®
e
e
o7
W
b
"
i
w
ot
w
W
7]
b
o

of time

ve that

data

. is a

being generated. I sat and lcoked at the presentations of

this data and congratulated myself and Westinghouse
how well cur models were £fitting the data. Anéd so 1

complete shaock to me when somecne ccomes ugp and says,
this new 4ata is showing 2 much worse situation.”
« STRASSZER: {our data agrees well with

Ridge. And 0620 is basesd on Cak Ridge data. What

as to
Lt was a
”'I"Ell'
2ak

parametzers in your model, do yo2u feel, caused the difference

L agreement between ycu and NU

¥R. BURMAN: Oh six three oh is based on cther

stuff in addition to the C2x Ridge data. It's alsc based on

som2 fuel rods that Cak Rids ran at very low pover levaels to

get low heat-up rates, at power levels that are

non~-prototypically lcw, so that the heat £lux across
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is non-prototypicall lcw and there is very little
circuymfarential temperature differences. Those tests, 3s
one would expect, Jave very large strains. 2% we don's
believe that that's possible in the rezctor.

YR. SHEWYON: ITs this cizccumferential tenrerature

difference acdel that you discussed, hais that been accepted
by the ¥RC for licensing purposes?

YRe BURMAN: Cur licensing model dcesn't have a
circumferential temperature difference in it. We use a
one-directicnal model. But our data is based on data which
had ciccumferential temperature differsnces in it.

Just guickly, the difference in between cur
position and theirs, as I sze them right now, is that N=2C
now claias that upper strain limits shculd be used £for Loth
burst strain calculation and blcckage deternainatione.
Praviously they had agreed with us, and our reperts a.l

included the £fact that we were using average or

¥S3. SHEWMCN: Now, is that average fracture strain

"R, ZURMAN: That's average burst strain.
¥32, SHEWMON: I'd be interested in your comments

ot

on the average strain cver the length ¢f£ the svbascsesbly, as

.

Pic' suggested.

v o"R 3, W4 - ' 3 - o : - -
¥R, PUR¥AN: I think 2ic' 1is cn the right ¢r

w
a
~
-
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14,

T think == and 1if I can get the data, I'll help hin

idn't have that data. We used scmething
elses Ancd I don't -=- actually, Pic‘'s nodel vhich he showed
up here is a preliminary mocdel and gives a lcwer blecckage
than dces our nodel by a snall amcunt.

Zest-estimate strains, I selisve, are clearly
applicable in t. kage calculations, because you're getting
the averaging =2ffect of a wvhole lot o0f rcds. 1It's not fair

to uUse only Maxiaum strains.

In Sustifving the use of lest=-estimate strain for
burst strain calculations, vwe justified that, back in the

iatarinm criteria days and a13ain in the early Appendix X
modeling, bPased on the very lcw rrobability that you would

see a xaxiaus strain at the hot spots. In othe

]
s

"
.
0
-~

«“C

you're cesting a4 large variation in straing th cobability

™
L8]

of getting one of those Maxiaum strains at the hot spot is a

very low gprobability. 2and T deon't believe that Appendix X

S

™
o

requires ¢ meet that. It regquires us to use 2
conservative estimare, but I den't believe it regquires us tc¢

use the world's worst data gecint.

it's also vworthwhile tc note that the hottest rod
would have the highest heat flux. 3And because the heat flux

out 0f the rod deternines the circumferential teamperature

ALDERSON REPORTING COMPANY, INC.
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b
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2 . 1 $ » 3 %
rence, it would give a lcwvwer clad burst strain,

2]
-
‘4
<
»
A ]
’.‘
[
o
'A
o
b= |
0
.

regdardless 2f other statisti

4%, SHEWHCNs Yeah. What's that got te doc with
wvhether the staff's position ils concervative cr
non-censercvativea?

MRs 2URMANG Well, we believe the staff's position

m

is conservative, clearly. ut ve helieve it's very auch too

consarvative,

%R

"

« SEEUMON: Yeah, I got that picture. I Jjust
didn 't see the part about what the highest energy rod having
the largest teaperature variation had to d¢ with whether or
not their gosition was conservative.

"R

t

MAN: Well, the hizhest power rod havi:n

jat )

5
the highest temperature variation will result in the lcvest

stralin, because strain, as shown by Azronne, is directly

yoy have a high heat flux anc a high ciccumferential

¥R, SEENYON: Okaye. Thank you.

MR, PCWERS: Yay I make a comment. Powers, iNEC.

In the Westinghouse presentation on Februarcy 14th,

l')

-~

WCRDS UNINTELLIGIZ2LE) also stated that Franz Zrbacher had
said that he wisheZ2 they d4id not include his high strain

data becauss it was taken at power lavels that wvere toc
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rTeturned a resp. hse on those heat ratings, which

1.4 per fococt; and

to 1.7 kilowatts

-

recall,

ys that his data should be excluded £rom the data

MB. SHEWMON: Well,

he's not

maybe he's changed h
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points.

is aind.

Let's go on.

42, ESPOSITO: We'd like to now discuss the f£low
-= +the heat transfar and the flow blockage effects, or the
flow blockage 2ffect and how it affects the heat transfer,

from some experimental data that

MR, SHEWMON: Ckavr.,
¥R, ESPOSITC: == is to give a view of wh
all means and, hoecefully, =cme kxind of real space,

space.
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aulic a3spects
the hea+ transser mechanisas
blockage, and reviav wizth yo:
traasfer data that we have
FLECHT-C set and in cther
some ~cnclusions.

“hen we lcox at the | ! mechanisnms

during reflsod with £low | § all we have got

FLEZCHT tests in the ) ! have

s down ¢ ing 1 . n iach a seccnd.

Now when we run tests dcwn ¢ ~nese ! 1oy £locding rates,

the flcw : ( n : ashat we have

syucerheat

20 these dispersed flow situyations can account for up to 4¢

21 percent of the heat transfer, total heat transfer,
2 2., SHEZWMON: Now, the first poir~ on there *the

28 chipped in a marbla cablet.
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sentenca of 3

tlockage is s

your last sta

We nhave tc &v
penalty.
Now
you to ignore
X8,
it 2s is that

adaonition

think that is

14/

o~ o ~ T - - 3 - -

SkEW®CNs L a ranpted %S sa <+ an a sinp.e

- : LIS am A - - ™y 3 :

and . 2¢en't ugnderstand this, bBut 30 aheacd.
LR AR B ad - - . ‘

LAUBENs Well, I thnink it goes dack *o one

upgosed to be 3 delaterious effect.

SHEW¥CY: Ch, cone on. You can take it for
you want tc, sut why do ycu say we have to lecok
poesitle things we can think 2£7?

LRU2ENs T don't think we are., I think that
tand.,

SEFEWMCNs Well, that is the way I intergret

taftent, to

8N NCre Zec3uzs wa

- don't see Wwhy, assuning it is steam rcegquire
physical reality beyond that.

LAUSZN: - think that what we have interpreted
it is supposed tc be what we interpret the
genalcy celative to the unblocked FLZICHT. T
what it says == =-

SEEWYCN: Well, that is tetween you and vour

3C Ohe can just te conservative or one car he
I would put you scmeplace cn the first gart of

ALDERSON REPORTING COMPANY, INC.
400 VIRGINIA AVE, S W, WASHINGTCON, D0.C. 20024 1202) 554-2345
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traneler
veu have

on whethe

10

ffacts o

entrained
is that y

cte

vaperized

Je 0t na
That was
wanted us

blockage

3¢ LAUSENs I maistakenly used the f£.tst
HAintk that == ==

¥P. SHEWMYCNs You is plural.,

¥R. FCCHREITEIF: 211, in reality all

mechanisns can occur,

heat transfer penalty

r you have mere of a genalty to the £flow b

o0f a benefit due to atemization

T ROore

T
Tn FPLECH
N 2LECH

Jater. that ca

tecaus

704

inch

all

ccni

®
2]
(8
oF
w
ot
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m
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L
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the wat

rvelous hzat tzanzfer and hlockage was a b}

the commiss

be not tae dir

o
0
ot
'4
(8]
b |

judged to

to g0 in. Anéd o we wound up negoiiating
nodels, which Canme oyt to De a penalty.

2ut in reality =-

X2+ SHEWMCNS LCon*t t2ll me about your

ALDERSON REPORTING COMPANY, INC.
400 VIRGINIA AVE, S.W., WASHINGTON, 0.C. 20024 (202) 554-2345

148

these heat

whether
to depend

y-passing

n hagpen
e if you

navs

enefit.,
ioners

the



144

- -ttt

-

Cn*—vq-‘

nv

J

+ b n w
9 m . » Bl 9]
0 L (& o 0 £ w
= (& » v L] Fe] =
3 O O 8] ' . L o) 0 L. -~
n o o LS -y L9 o 1] m 4 0
(8] £ o @ o a X2 " [ w ¥t 4) m ~ o
" ) . o m mn o I . mn [ o o £z L] =
0n o » ) “ ' o o 0 " W ® ol 8}
Lo «© \ L) ot m n o - ' = o (8] x . o
L8] L a3 e L » © ¥ ] ~ £ X . + (A '
» 1] » » [ & @ ) ot o = = m L] o < L]
i L) 5 v (& > ‘e O . L) o - L - 0
w axd 4 o« " o « 0 Q el ] L4l a5 m O
L £h ~ L& o o » LD w o . e 4 A b
' 0 o r L 0 O & o r- . o O L
(¥ O v ol b n (¥ <~ (8 o Q L 2 o)
a = O a s | 0 1] O -t » o o o o O
“wi s c ~ o > = W (8] L 24 - £2 L o~ [ O L8]
L] O o - ] » [0 [ %] o o L&) V) ot e
[ 24 o] ot - ~ o 4+ 2 o 0] L= 1] o F [ = [
! 4 o 2 o . w 3 = “wi i} e (34 » — 4 O >
¥ o o . e} m » @ 1) (83 wd o L @ (8] o~
e -l 0 m LS ] N~ [ - 10 L ¥ " [ | 54 o
" A ¥ L&) [ (§)] @ L&) | ¥] o [ o4 RS ] (& - J ] )
» h 18] . w ®» O > q £3 (&) €3 o 1 0] «
o L W " o = o O (= U « o« n o ™
@ o ' h¥e o4 ¥ = - 0 ¥ o 10} o 0 'y O
c L8 0 a £ (8 ~ g Can . ~ " . R
L8} ~ ¥ -y p I P mn O w . » o =
w L] Bz LY o = ] v L] 8] W = 2 ~ ] O
L] A (* ) " . wt o ] 4 (] o O] b ol >
" - ! e ™ . ¥ "y e ol ) 8] ey o vd L
£ ] ™ @ 1 i - D n - (= nt [ Y o O
(8] 0 " h Le ol o () “wy | %] - O b ] a9 o~ = o O 1]
ol " o i8] (53 wi " @ « i £ [$9% O K o (8]
4 Wi wi - o « 'S o Ll (8] b he)
- wd nt (X ~ o " ) o - © - b £ L)) w
m Q ' (& b 8} 4 ¥ O ~ (L] ~ £ L aQ o
F o rn et (4] L] 0 ) B 15} (U] ™~ z ~ o o
> 4 . © i - i) ! s e ~ (=] 4 4 LY <! "
o tn e 4 (S Fe (o = @ " 0 w 0 Bl 8} ~ [ L¥]
4 wa 4 K T 0 Ll ~ o L} | 8 [ &4 A =
vt ot m “ (&) a L a (8] t 4+ " a 4 [ @ o n W
a (4 O - » W £ L c - - [ « s b
m &) a w o o at w 4 o " v g o e ", ™
(%] |~ LQ [ 3] 2 et ™ of ~ el LY a 8] &) L] =
L 8] R ot 9} L] (%) L ™ n L A3 LS ~ m n
o] - | 6] ™" = “ 0 2 " n Q Lo ] 2 0 w
] 4 o L) - o £ = ™ O [ | ¢ ) (&3 " L 0 0 oA
[ 7] 8} L] o L 4] o L L (= 4 ™ 9
« . o0 i [ > L8 ] r~ oA ) (&4
L& " | &) . -4 I | [ %] 4 R ] ™ I b} s
= “ ® -~ 4 o @ n . (8] (2] o £
Wi L “ E n D o b oA o L] & ol "
-4 4 v b ™ a2 [ 21 e -4 LY el P - L] e @
[ & @ o L& e (8] mn ™ " o ne x wd (5]
o o n ) L ) ¥ " s + a (3] S ] a
- 15 %] =] 4 0 aQ ) " 4 L ) -4 2 ” o £
Ll T a0 [EH o + R s o o, L L] e “w Sy 4
N . e = * % % 9 T N P X P R T B P NFEEAE

2

-

bund

INC.

would block ¢cne

ycu

d

an
ALDERSON REPORTING COMPANY.

400 VIRGINIA AVE, S.W , WASHINGTCN. D.C. 20024 1202) 554-2345

betv=en

24



™

4
O
O

)
ol
“
L
£3
')
O
(%)
v
0
qa
)

G“
b

v

wa
"

"
L]
.-

e

oy
s

Wi

le.

the untlocked buni

in

4

L5

O
o
el

@€

!

tlocked

for the

lent

L]

a higher

7

au “'3‘;3 .

"y
a
(8]

o

L &)

e
"
¥
4
3
{ &4
wd

O

grocseded

e

So

Leave

WYONs

()
b &
m

(4

10

an

n

"

13

o

at a 3iven

a\
 £]

U]
o
Lo

Fe

o
i

A3
n
o

n
-l

[

~3

)

15

mne aacunt of water

Sa

t»
o

(8]
L8

-l
b
aQ
»
o

R R
o

goun

16

W
LN
L]
L
a

L]
(21

o

"
»
3!
L 2]
O
i

n
wd

"y
o

(a8
[

18

O
L
)

19

(8
| #9)
[ 32
L]
i
"wi

o

(&)
be

his

-

"

m

(A 1
b
| 2]
L8 ]
0
",
b

P

.

INC.

ALDERSON REPORTING COMPANY,

WASHINGTON, D.C. 20024 (202) 554-2345

400 VIRGINIA AVE, S W,



]

10
"
12
13
14
18
16
17
18

19

21

24

- 3 - - L]
cace a feedback effect of the tlockage on the £flecw into the
=Y T
Elocked tundla,

-

W
o
!
O
[
ot
n
18]

3
®
i
O
ke )
)
w
]
Q
h
r
oy
D

have included ia your h
temperatuyre rise data.
2% tests. Thece 3are the

ceferred to briefly was the ¥ZK F

W

German tests that are beins run over in == == and they have
been on about a three or fcur year pregram that will last
f£or about another ¢two yezrs examining flow blockages 224 we
have Leen very close in comaunication with them and werking

with them, in mnany cases providing cverlapping tests and

-~

exchanging data with theme.
They have run tests for the fcrce £flcvw. They have
l1ocked at plat2 blockage, and ¢they have looked at coplanar

sleeve plcckige. hey ran scae preliminary experisents with

-
4

wn

aal N i = 3 3 s
a bundle., nils would be £ive rods in a row, abcut 12

Y
~

nd thay looked at the effect of blocking the

xe

feet long.
same ancunt of €flov area with a plate or with sleeves,

smooth sleaves =0 simulate the ballocning

shat they found was that

o

he sleeves would give
lover heoat transfer improvement compared to the plate and

this is because the sleeves would atomize less ¢of the water

that was entrained.
MR, SHEWMON: How 4id the plates end up?
¥R. ECCHEEITEE: 7The plate would give yot an even

ALDERSCN REPORTING COMPANY, INC.
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Recently they have teen ruaning tests, and
are SxS tests, 25 rods, with a 2x3 corner section &of
bundle blocked 3C percent. And that lccks something
thiss What they have is they have a test saction he

rods, and they blccked these % rods 90 percent, and

(=

they look at the heat transfer in this blocked region

they conmpare it t2 a test where they have no tlockag

*
o
w
‘

*
=
W
<
D

['®]
]
o

Wy
'..4
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o
(84
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L= ]
o
e 8
‘4
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0
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the heat transfar cocefficiant from the tlocked

it
1]
n
o

heat transfer coefficient from an unklocked test wit

(2%

-na
4 8

same test conditions as a fuanction in time. An
a 17 millimeters dcwnstrean. icu can see that there
heat transfar iaprovement up to the turnarcund tinme,

there is a penalty. And f£or 3CC millizeters downstr
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penaltye.
¥a2ll, what you ace really concerned akbout from a

peax clad teapera

"

ur

11

to and through turaaround, inid wha+ they see is a heat
transfer improvement.

"

They alsc observed when they arz'vzed their dacta
that they 4o Jget steam desupernheating, ¥nich means tlat the
droplets whizh w<eres entrained in the flow are coa*ributing
to the heat traansfar, They are atomizing, they are reducing
the vapor temperature, gsiving the greater vapcr temperature

to the cod temperature, drivinc temperature difference to

imgrove the heat transfor.

thecmal nass. in osther words, this section here is a rather

heavy thermal mass >y which all o0f these rods are thermally

tied to the corners, and what ycu have really done is sors
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of raised the durable heat transfer reciocn in there in that
Elocked section ani so the heat is reing pulied oyt to tare
edges and therefors ycu are not getting the heat,

How I =--

¥Pe FPCCHEZITE?sy 4Well, the GCermans went throuzh a

whole bdunch o¢f calculations to show how their sleeve design

'
-
Cs
(& ]
s
i
8]
(=]
(&
we
.-
1)
.
v
w
’4
4]
O
or
¥
©
»
W
w
ot
(A
=
O
-
-
-t
[¢]
t
O
b |
|
<

the thermal mass that had tc be heated up, but it is tre

heat £1low %¢c the corners == ==

¥2. B“OCHREITEREs 7o the edge of the shroud?
Y2, JCHNSTCN: VYes,
¥R, HCCHREZITEZR: iell, the shroud is almost at the

Sane tenmperaturs as the rods when they rtegin the tests.,

Okay?

M2« JORNSTCNs Ant no water cr angythiang arsund the
sutside?

12« BOCHREZEITESs No, 20. And the point that ve

in is rz2ally nct the data that is 3zoing t¢c be like located
right or the sleeves, beciuse the sleeves aren't going 2o :te
that far atypical anyways.

hey were interested in the heat transfer that is

dovwnstrzam £ the sleeves, because when we lcok at an
Appeandix ¥ calculation that is where we calculate a penalty,
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1f 1t is dounstrean of the blco'kage, fcocr nmest ©f our
ccossflow planes,.
¥2. JCHNSTONs VYes, but your point is when you say

the Germans have cheched it ==

%, HCCHREITERs Ye
e« JOKNSTON: == that there is no heat £low, neo
heat sink, that thcse blocked sections are effectively
connect2d to which ve lose == =--

¥R, HOCHREITERs XNo, not as far as I know, lbecause
the test secticn boundary, the hcusing is almost at the sane
temperature of the rcds when they start the tests, and they
have gone threough a3 whele tunch of calculations that we have

looked at that helped them desiyn the preper sleeve Lecause

transfer that is one thin

a
-
v
[
ot
"
()
-~
O
(&
»
1
m
[
0
P‘
=2
“i

a

-
-

o

mperature as lower --

%9, HCCHEZITER: Yo, the temperatures I ar
referring to ars downstream ¢f the sleaves.
¥R. SFEW¥CNs: What hacpens in the XNRC lklessed

calculat_9ns with rcegard to if there is blcckage in the ccore
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the slide »ut I didn't get to recause of the time

29

constraiat, and that is virtually every flovw diversion a2del
that has been offeraed o7 a single-phase nature, that any

t task of

(7]

reactor vendor has cffered csince I think the fir

sorkiac on then, has leen raviewed accaptably. (inaudidle)
whenh clearly an advantage 1s gained by steam =-- == hut all

the other flow diversion models ==
e SPEWFCNs Where an advantage was gained by

what?
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f0 . LAUZEN: <ingle phase-

¥8. HOCH
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ITER;
-

is thiss: when vwe lcokad at the oricinal Westinchouse rodel,

it shovwed an advantage, as larry has explained, compared to

-

LECHT experiment. The conly =-- in cther words, FTLECET
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vwater of the tast secticns. 2ut if you vaporize all that

vater at th=2 gnench rate and turn it into satuyrated stean
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You get “¥.ry goocd heat transfer.
¥3. LAUBZN: Very gooc heat transfter. Sc as you
Say, it doesn't maxke nuch sz2nse to viclate ghysical reality.

h |

‘0

SHEWYON: Unless it

Laughter.)

¥R. LAUB

e

N¢ If£ the ghysical reality is such that
it is going to vaporize mors steam and (inaudidle). So
there wvwere other mcdels pgropcsed by everytody. ZEZverybedy's
idea was to key the steanm cooling heat transfer in some way
to reflect data on blocked, and we have accepted most cf
those models.

In addition, everyone has at varicus times

proposes madificacicns to their flow diversion models.

averybecdy. We have come up with what we thought was a
r2asonable flow diversion model subseguent to the originals
(inaudibdle)

2R, SEHEWUCN:s Tlcw diversion is your wecrds for if
there is a block here the flow can come around z2nd pull what
is diownstrean?

#Re LAUSEN: Thatr is right.

ALDERSON REPORING COMPANY, INC.
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Ag an a e to
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szenaral Zlecz=ric in 19

a

(=) io,
2fppendix K mcdifications,

that no change was needed tco

(inaudible)

udibla) discuss

sh revising Apcvendix X todaye.

2ut they said no, a change i

to live by the zules that

do thate.
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Rink cf Appendix X
gy, becauce what ve
icn whic® <o know is

ien which vas single

¢hat the staff

2, Wwhen we uyersa

the point

Appendix X.

that I think you

nion is abeut, and ve

$§ nct reguired %o

are here, ani ve

ey praograms that we
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1

purposely tried to structuira part o0fF this progran %o address
the Appendix K steam coclin: rule. It is the only reascn wve

3 $ - . i - -l
are rTunning these tests, and t92 4o this and dc this in

e

Joint f£ashicn we have invelved Tr rizcklesimer, we have had

Dale Powers, we have had Norman Lauben., #e have tried o

o
e
<
®
(&9
.0
b+ |

get as many 2eopls inv thiz particular =-=- the desicn

s |

o0f this particular program as ve can, such that vwe can
provide the data base and z=o0ple can then g¢ tc a rulemaking
hearing cr shatever is required to be atle to assess the

thermal hydraulic effect of £lovw blockage and rod >Sundles.

In our prcgran we will be locking at different
blockage shapes, we will be lccking at the alpha Lurst case

and the beta burst case. W2 will be simuylating blockages

with thin pieces of steel +c sinmulate the bhlockage shage
itself.

Ae will be lockin3z at beth coplanar and
noncoplanar blcckage distributicns, and we will be tasting
these in a 21 red bundle test series and then a 1€l rod

bundle test series.

-

In your package I have given you additicnal

informaticn on the prcgram, the blockage distributions that

(8l

vill be tested, a picture of the blockage shape, and the 161

rod bundle with two 21 rod bundle Slockage islands.

ALDERSCN REPORTING COMPANY, INC.
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FfAPHC 20k Ye arLe ain

test series, and

bundles test series.

iew We have tesen

complementary With ¢
and thraugh the NAC
Picklesimer's help «
the FEBA

teaple and

and 4e have lbeen 2x¢

have been vary profi

able to make the pro
AS Dr. :3;
involvesd ia the NRU

maxe thaie overlap wi
progcan with N=U, su
the AC?S a goeod tech

but this is all inte
do with 5307
¥R . HOCHRE

- -
-

re is
dblockage. I

ansther sat

L

have shown you two sets c¢f

16¢

: ¥ < n

rrently wvhat is gzlanned in the pTogranm,.
n - - - -~ 4 ‘ 1

the niddle £ *he 1 £54 2uncle bdlockage
- & -4 - - 4 * F o - T £

ate desigring and building the 151 zed

trying to0 make cur

srogrTan

he wock that is being done in Secmany
and Dr. Tons and Picklesimer, Cr.

e have set up close communications with
with the ZZEECCA people over in == ==

hanging information quite freely and ve

table in doing thate. And we have lteen
grams conplementarcye.

osito {ndicated, ve ar. getting as
tests a3 auch 3z we can so that we can
th our program cr rather overlap our

ch that ve can provide £or the

N3 Parcion ne for appearing in gerson,

3
w
vl
.4
ot
4
(8]
o

- -
- -

(8]

Rs ~»e want %0 show you that we don't

a heat transfer problem with £lcow

-

data, and I waat to

of data rizcht naovw.

ALDERSON REPORTING COMPANY, INC.
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W8 Calzulate in Azgeandix £ ==

N2, SEEUYCN:s Okay, let's say I agree with yeu and
there 1is no heat transfer loss with flaov tlockage. Sc what
to the acceptance of this dccument?

MR, ECCHREITEZ: If we have to accept this

document and

Je

larger penalty.

¥2. E3PCSITOs Cr. Shewmon, a coxment or two te my
conclusion. What we see is this model has bestowed upon us
a unilateral iapact £from penalty point of view without any

of the pesitivas points which un
Pecause of Appendix X, and 1if ¢
a denefit in teras of heat clagd
tucnsgound, then wa would fael

O
'
4
O
W
.

¥R, SEEXYONS Ya3.
¥R+ FOCHREITEE: I ¢h
I think even Dale Pcwers has re

thernaal hAydrauli

new blockage =:cdel, and the con
effects Wwe see is the heat tran
blockage causes in the rod bHund

ve calculated with ocur Appendix

M3+ SHEWYON: 3Zut to

wve can't do

& .
softynacte.y

he dzta 4id not sulstantiate
temserature at the point of

chat ve couldn’t take these

thel ouyt, Sr at least

BCture.

i8Rk liocn has referred to, and

le itself, relative to what
{ models.
40 that yocu need two-phase

ALDERSON REPCRTING COMPANY, INC.

400 VIRGINIA AVE, S.W., WASHINGTCN, 2 C. 20024 /202) 554-2345



1

10
n
12
13

14

16

17

18

19

21

24

162

1 ; 3 Tk
f£low, i3 that rtight
- O - ’ - - a - -
'Re EOCHEEITEZS s 212 that 42 need tyo-phace
- i~ 3 PV S 1T -
flovs ve hRave got to chanzte the rule,

MR, HOCHEEITES: dell, Just to confirm that indeed
there iz a benefit, I nust say that this is for 24 red

bundle test results. CObviously we have got more work to do
and ve are in the prccess of dcing that. And this conficms
the other stuff that the FIB: pecple hive seen.

de will be examining this in larger tundles where
ve have nore by-pass., There is some £flow by-pass in cthis
test series., “hat e have dcne is we have blocked the inner

-
9 reds %2 perc

n

nts S0 youd 10 have f£low cy~-gass around it.
This is certainly not lika a .eactor. Zut you d¢ have bdoth
aspects of the pgrot-lea thera. You have the blcckace effect,
and you d0 have the by-pass effece.

his is the heat transfer about an inch and a half

W
r

eve itself. You can see the

W

dovnstrean fron th lockage =1

[

peak clad temperature is lower, the heat transfer cof earlier
time is higher, and this is for a 4¢ z3i, +9 inch a second
test, which wvould te typical of what wa wculd calculate in
our licensing calculaticns.

IR« SREWNON: +9 inches of reflood rate.

MR, HOCHREITER: Seflood rate. I have locked at

dat2 as low as .4 inches, and . see the same trends. =nd I

ALDERSON REPORTING COMPANY, INC
400 VIRGINIA AVE, S.W., WASHINGTON, D.C. 20024 1202) 554-2345
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have loocked at data at 20 g2si and you cee the same trands.

o - % v 4 L 4 - - . - - - - - »

=0 ZT0M 400K303 ATt e Jata Jasze, L3 CTacrels are our

- 4 T - . - 4 - -~ - .
licenging calculaticons, we 1c see this type cf behavior.

v

I am not going tc ge through all these slides, but
this heat transfer improvement 2ffect cccurs more locally
downstream -~

¥R, SHEWYCN: Put that cne back again and hold ay
hand fcr a ninute.

¥YR. HOCHEEITER: VYes, sir.

(Laughter.)

B. SHEWYON: The tcp is temperature?
¥R. HCCHEZITERs The top is temperature.

¥R, SHEWMONs Of the water=-metal interface? Ot

MRBe HOCHKREITER: I went too fasts This is

¥R, SHEWMON:; What temperature? Is the vater
temceratures in that inner r..d.

¥8. HOCCHEEITER: This would bSe the inner clad
temperature.

¥R, SHEWY'CN: At some elevation?

¥R, HCCHREITER: Yes, at tnis elevation, 75.2%
inches ~--

¥R, 3HEWY¥ON: Up from where the water star:s

coming in?

ALDERSON REPORTING CCMPANY, INC.
400 VIRGINIA AVE, S.W., WASHINGTON, D.C. 20024 202) 554-2345
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¥R« HCCHREITZIZ: 7£2on the Dettoll == o=

M2, SHZWYON: CRkay, 2and s0 i1t is Zzazo tine. fen
start adding wvater at zero on that scale, is that correct?

¥R+ HCOCHREITERs That is correct.

MR, SHEWYONs Zero inches on the 7%=-irch scale
down there?

¥R. HOCHREITER: That is correct. And you
raflood, we flood the water in. We are adding it at .3
inches a second.

MR. SZEWY¥CNs Ckay, and at 4C0 seconds you come to
7% inches, is that right?

MR. HCCHREITER: Yes. ;ou ¢could think of it that
wvay., Actually it can guench --

ME¥. SHEWNMCN: W2ll, a two=phasze £lows. It has zo

e either water or stean. SQ ==
¥R, HOCHEZEITERs If +hat is the case, sir, this

would probably gquench later.

you are saying is th

ZTOMm near zer

(8]

at the heat transfer ccefficient changes

there 2ll the wvay up as tue water interface approaches?

¥R . BCCHEITER:s hat is correct.

MK+ SHEWMCN: By order, in order of magnitude if
you really want to take extremes?

MR, HYCCHEREITER: And nuamber Z here is the bdloched
case. “mher 1 is the unilocked case, 2nd what you see is a

ALDERSON REPCRTING COMPANY. INC.
400 VIRGINIA AVE, S\ W, , WASHINGTON, O.C. 20024 (202! 554-2345
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cant iaccease in hea

that this iz due to the atomizaticn effects of the

@, it dcesn't seem to nake any difference.

Then there is a genalty later in time, And it is

tion cight now, but later in ¢time the slope of this
ture curve changes, and this implies a differont flow

¥3« SHEWYCN: Well, what are you allowvwed out cf
nge 9f heat transfer ccefficients from <5 tec 2507

”

¥R+ HOCHEEZITER: This first value rignt here.

¥R2. SHEWYCNs Is the only one you are allowed?

YR, HOCHREITERs 2ight.

%%+ SHEAYONs So the conservatism runs from zero
ctor o tean.

¥2. EFCCHREITER: from the nminute you put the water
e bundle.

R, SEEWYOCN: OQkaz, thank you.

¥YR. FOCHRZITER¢ s ycu go further up the dundle,
at transfer diffesrence decreases. Let me 3just show

other shot, at 90 inches. kere there is almost no
nce. Correspondingly, there is alanost no difference
tempgerature Hetveen an unbleocked case and a2 blocked

This is >0 inches.

L}
ey
o
L
ot
-~
O
o
o

’.4
<
0
i
®

actual

oo

Yiow if you get up to

ALDERSON REPORTING COMPANY, INC.
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- = » - T® 1 - “r
that therfe is 3 penalty for flcw blockage Decause what has
nappened In the twe-ghased case you have used up the water
- 4 - .- - - .
down Le.i0w just taehind the >lcckage rerisa, you have

bundle now yo

where vcuy had

And
you den't
degrees.

-
S -
-~ -

blockage

w
™
",

2Ctiv

-

Y

(=

s

ot
r
e
[
3

wns

(%%
O

Zeacurenments

0f the

undaercooling?
4

Xnow what

is,

thare.

really

is yeu

underceeling

vater and you have gotten improved heat

Ar4 wh=2n vou et the top ¢f the

U nNave got less water, the case

no bleckage at

£C you do see heat tenalty here, bu

tecaucse the temperatures are 13

~
care

what you have deone in reality with £flow

®
e )
ot
"
o
'4
]
w
S
a
[\
[
7]
"
4
o
"
o

have ytilized

t

0

in the packages and you can see that dewnstraan
ge resgion you ¢ <Lesuzecheat the vapor nmore,

urtace acea which vyou can desuperheat the stean.
SEEWYCN: Is desugerheating the same as
TWwo negatives maxe =--

sure what desuyperh=ating

Eut g0 ahead,

ALDERSCON REPCATING COMPANY, INC.
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S5 based on the informaticn that we have been able
to 4ig out to date, and oz course this is mostly fcr small
bundles now, “hat we have ohserved is that in the £flow
bleckage, in the flow zlockage heat transfer mechanisas
thare are compating heat trzansfar mechanisms. There is a
£lovw Sy-pass effect, and then there is arn effect of the
entrained water. And the effact of the entrained wvater is
not allowed by Appendix X, s¢ «eo only calculate a zenalty
duye tO Ly-pass.

2yt the Jdata that we have observed to date is that

@t treakup ©0f the water, and the

L}
b

the atomization ¢£ dro

b

.
.

O
o

mixing of this watar w s@ superheated steanm, will cifset
the f{lcw by~pass. #nd so you actually have improved heat

transfer.

¢
L
P

S because of a flow raginse change, but this is wvell
after turnaround. We doa't care. We really den't care at
that point.

Further up ia the bundle for our particular pover

shape, our cosign power shagpe, you can get pgocr heat

tos

tzansfer at the tcp of the tundle. ut again that is

sutside the zone of interes=z, and the peax clad temperaturas

.~

that you calculzted up at 1C feet and 1l feet are like 2

ALDERSON REPORTING COMPANY, NC.
400 VIRGINIA AVE, S.W., WASHINGTON, 0.C. 20024 1202) 554-2345
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%9 . - " - -a -~ - w3 49 4 = -
ballooning model, the Sallcoconr burst wili vome in the t:sg

-

half ¢f the core, I would trust?

¥%., HEOCHREITER: I£ che balloon bursts, it wi

b
b+
P

come in the top half of the ccre. The same situaticn would
occur because azain you wouli get a heat transfer

»)

o}

(9]

improvement now at 1lC feet, Just docwnstream of the lall
bursting ragion. And there would be no difference up to 10
feetr,

¥YE. SEEWYCNg So when they =-

¥P. STRASSER:s Presumably they are scattered

looking at, that we have seen both from the Cak Fidfge data
and f£rom the data in Germany, is that it is usually goirng to

be within the grid spgan., The tlockage and bdalleconing

-
w
e |
(N
=
D
-
-
. -
.‘l
Y
D
r
1]
11
*
[
2
a9

will ke within the 3cid zparn

de have gotten distributions from Cak Ridge. Wwe
have gctten blockage distributicons from the Germans, and we
will e placing these sleeves, these stainless steel slaeves
on cods, either to simulate arn alpha Purst or a Feta hurst

-= we will be placing these slceves on the heater rods at

h
O
“
r
3
®
b
»
-
o

1ifferent axial positicns and we will look

ALDERSON REPORTING COMPANY, INC.
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- : - B

s 4 * 4 £ i - - a N RL] ;. s 1
¥y cwn perscnal telief L8 that as yoy Would

-~ -
R

o

1 . N e ®? i L'y
hese ballcons yYOu are relatly 301n¢ €0 sSee .esSs OI a

heat transfer improvement, because there is going to really

or

be more £low arsa for a siven channel 2ad ycu won't get the
local accelaratisn as the £lcv snakes through this rod from
the »alloon tutes 7ou probably wen't get as much
atonization. ©2ut then you 4on's calculate as much flow
by-pass out of that region a2ithar.

So ycu pretably would get a lower boundarcy =-

ME. SHEWMON: What scrts cf fractions cf the
ccoss-section do you £ill with these tubes, sleseves?

¥2., HOCHE2EZITES: I am not =00 sure I kxnow what you
mean.

M9, SHEWHCN: Well, 32 you get in trouble with the

NRC at 10 percent flow blockage, 90 percent flow Llcckage ©
scmeplace in between?

M3+ HCCHREITESs Anything greater than zero,
because it is alvays gcing tc te a penalty. It will aluways

be a penalty.

¥?. SH

wY¥CNs 4Yell, yes, but yeu must have lived,
learned to live with some zenalty.

IR,

D)

SFOSITCs “ell, we will show you a range of
penalties that you get, depending upon scme of the =-

MR. SHEWYONs: Okave I am sure it can only te a

ALODERSON REPORTING COMPANY. INC
400 VIRGINIA AVE, S.W ., WASHINGTON, D.C. 20024 (202) 554-2245
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penalty. I had thought that it really gog hard and tcugh
-~ - : | - - - ~ - -~ - - &Y - Y )
someplace up in the upper r=aches oI tha I.CW L.loCxage
thoughe

MR, HOCHREITER: VYeos, if vou incra2ase the anmount

of blockage, like if we would 30 with Zalph's model, which

would give us nauch higher blecckage, we are ¢gsing to Jet much
more flov diversicn and a auch jreater penalty. And that
vill be the source of part c¢f zhe ge2nalty that =-

MR, SHEWMON: Ckaye. 9Jell, 12t us get cn to these
things.

¥R. LAUBEN: 3ick, can I show you, because the
Jules are pased on, as you called them, blessed
calculations. There is something on the order of 1 or 2
degrees per percent (inauditle).

YR. SHEWYCON: 1 or 2 3iegrees what tu percent?

MEes LAUSEN: Feakx claddiag temperatuyre.,

2. SHEW®CNs fou mean we only get a 1CO dagree
tenperatuyre zisa with 100 percent blocking?

iR, BEOCHRZITZS: I den*'t think it is less.

someplace here, 2r else you wouldn't be here todavy.

1%
o

€

v

¥Rs LAUBEN: But really th

NUESG 0630 2o0esn’'* 4=
MR, ¥ 7 O: And the Westinghouse model that we
saw a geak 2f zrouasr &7 percent --

ALDERSON REPORTING COMrANY, INC.

400 VIRGINIA AVE, S.W., WASHINGTCN, D.C. 20024 (202! 554-2345
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¥2. SEEXA¥CN: Does 1t cut of7 at 80 percent ==
¥R+ ACCHREITER: 72 cercent.

M, SEEWMCNe Why do you stop at 72?7

¥R, PONER: That is what it looks like.

MRs SHEWMON: Let me holl up these illustrious

gentlemen for twd minutes mcre. It seems to me I rememkter
reading in this job one time a regort

. = Y 4 3 * ATy
N1g sulassemiiles LS aaldlYy any

..a.

that said, gee, block
at all because even if you block over 85 == or until ycu get
above 95 percent flcw blockzige thers is still adeguate

cecoling. Was that when thej

g
w
LA
U

other end or =--

- i a2 = . . s -y P
¥R, SHEWYON: Probably isa't anything regard to a
T AN - .
LSCA, I don't kxnow.
. R - . o - .
o JOHNSTON: It is inlet flcow blockage

calculations wher2 you maintain abcut 45 percent ¢f =he
power being generaced in a >undle, and you say anywhere fronm
S percent water £lowing througn they don't calculate -- the

difference is they don't calculate temperatures that arcs

goifng ¢o cause nelting, but they Jo exceed 2200.

- - -
g8 SEY:22

is is not during a LOCA.

.-

¥R, SHEWYCN: But it is not during a LOCA, sc we

ALDERSON REPORTING COMPANY, INC.

400 VIRGINIA AVE, S.W., WASHINGTON. D.C. 20024 1202) 554-2345
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C
o

pressure, and a small anmcunt of vwatsr cciag thrToughe. o

the concep* is right; you don't see =-- go up and 1els

because you blocked no more than 85 or $€ percent. 3ut if

you @axcead 2200 calculation =-=- reguired for a LCCA ccunt.
."?. SFE'A‘.‘,{;"‘ :(3’.

in 2ssence.

¥D, SHEWMON: Ckave.

17

18

19

24
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TonACYMmA *y ' 3 2
2. EZPOSITOS vhat we'd like to present ncw
k2 s W9 e - - ™~ § - -~ ~ T % & - -
(Insudikle), what happens iz yocu farget about all ¢f this
N - - -~ 1 . ™ 2 A - sy - . . Sy e
stuff we Jjust told you, thas YWestianghocuse data, and Just %take

the NRC 0830 as we had it back in ¥arch ard that report, and

¥R. MUENCE: Now that the scientists are done
talking about the real technical items, an analyst is gcing
to get up here and tell you, hopefully, a little bit adbout
what the significance 5f this discussion really is. I thin}
Yyou lose track a little bit when you get into the
nitty=gritty of the technizal pros and cons of the models,

the technical correctness. You lose track of the

®

significance.

Cbviously, the uss ¢cf NU

have a significant direct impact on plant safety. It's not
going to change the probability of loss of coeolant
accidents. It's probably pot going to change the
reliability of the cperations egquipment. And it probalbly
will not chance the ccnsequences of a3 loss of coclant

accident.
In most cases it will not change the peaking

factor or the peak kilowatt per zocot, if you will, that the

.

lant will be orperating at the great majority of the tinme.

O

ons and I'll talk abocut that.

ta.

There are 2 few excert

The impact of NURBRTG 0630 really is on the

ALDERSON REPORTING COMPANY, INC.
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a -~ 11 - ™ b | & 1 - 3 3% - i
are really governaed by licensing calculaticns, like Appenddl

X. So I'am zo0ing t> run through a summary of an estimated

o

impact on the orerations of the plant due to the use of

TS

The methodology m 30ing toc use in providing the
summary was agreed upon with the sta2ff in December when we
wer2 going through the exercise in responding to a £0-day

our operating plant

[
(o}
"y

request the staff had sent to al
customers. The evaluation is based on sensitivity studies
where we arbitrarily change burst temgerature blcecckage and

burst strain and see what the chang2 in peak clad

temperature is. And we apply that using hand calculaticns.
We have not performed any 2nalyses with NUREG

-

C63C. “e have not aven programmed that model into our

wvant to make it clear at the

&

computer codes vote.
beginning, these are hand czlculaticns.

The results I'm going to show you and the

0
h

methocdology that I 4discuss were used in response by all
the applicants under the Westinghouse-designed 2
response to the November 9th, 1980 =-- 1979; I put the wrong

etter from the staff, And it's updated every

(B

dats here =--

time there's an applicaticon for a license amendment that

Lt

requires a LCC2 reanalysis. It's Kkeyed to0 the FSAR large

ALDERSON REPCRTING COMPANY, INC.
400 VIRGINIA AVE, S.W., WASHINGTON, D.C. 20024 (202) 554-2345
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breax LOC? analysis, so w#we have tc redo it every time.
b ] <o § Ny -~ . = 4 - * . s - -~
YRe SHEWAON: Ysu're saying this letter vWas sent

out in November of last year; is that righ

YR, MUENCE:s Yes. I'm sorry. Yes. 1I'm good, but

OCkay. Ons of the observations ycu're going to
make when I show you the results =-- let me see here =-=- is

that there is significant variation between glants of the

®amember, there were three ncdels that wWere
discussed in 0630: the burst temperature model, the burst
strain model, and the turst blockage mcdel. And depending
on the type of gplant, depending on the characteristic of the
plant heat-up transient during loss of coclant accident,
some of these models will not apply to various plants.
Tor example, we have some plants which wve call
burst mode limited plants. Cbviously, the peak clad
temperature occurs at the bﬁrst mode. These are gplants that
had a less than optimum blowdcwn transient, ckaye. So they

have a high clad temperatur2 during the blowdowne.

3y

The clad temperature nacrmally occurs == the peak

clad termperature nornally cccurs right after botteming and
full recovery, as you're at the burst aode. Turning clad

temperature around is a fatter cf balancing the heat

ALDERSON REPORTING COMPANY, INC.
400 VIRGINIA AVE, S.W., WASHINGTON, D.C. 20024 (202) 554-2345
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the burst temperature and the durst strain mcdels apply to a
burst mnode limited plant. Wwe have discussed before, both of
these will give you more zirc-water reaction on the burst

mode. As soon 2as I turn it arctnd, beicre there's any

blockage, the blockage model is nct imgpacted.

Another major category 9of plant is the reflood

mode limited plant, and there are two types cf reflcod mode
limited plants. There are plants where the peak clad
temperature occurs before the £locding rate £falls below the
magic cne inch ger sececnd that vwe discussed sO many tiass
today; and plants where it occurs after that tinme.

dhen it occurs before you go belcw one ianch per

becatcse it turns around

1]
ot

cht plan

r

second, we call that a Fl
during the time when we can use our Flscht heat traasfer
correlation, which implicitly includes two-ghase flow and
averything 2lse.

Plants where the peak clad temperature cccurs in

re using the stean coocling correlzation

i

steam ccoling and w
-- in both of thesa cases, the hurst temperature impgacts due

to the difference in swelling models. lle discussed earlier
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factor, using that methcdolsgy, that we would get using the
NURTG 0f30 mocdels compared +¢ using ocur large break model as

a wide

1]

we do todav. gnd I think 7vou can see that there i

3 in

[}

o

variation. Sut basically., it ranges from .02 to .
peaking factor, but it's a very significant delta reaking
factor.

To help put that intc perspective, the fifth
column that should oe on the page is the tota. peaking
factor that we would estimate, again in a rounding
calzulation, a bounding hand calculation, that we wvould get

for each of these plants if we were tc apply NUREG 25630

M2, STRASSZR: That's nct the tech spac.

only calculations that the staff has ocbtained are these
nymbers. They were balanced off against other things, such
as that the peaX numbers 4id not ne=2d tc be calculated,
These are (Inaudible) tech scecs.

But these would be the ones that weuld go into the
tech specs if YUREG 0630 were unilaterally aprlied tomorrow
without any bdeneficial model changes. Ckay.

The reason why I've chosen to show you that

peaking £actor without the teneficial model changes is that

we feel that when ycu're trvying t¢c determine the

appropriateness of an arhitrary increase in the conservatisnm

ALDERSON REPORTING COMPANY, INC.
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of Appendix X, you should lcock at that change and that

change by itself; how significant is that change to the
cperation of the plant and %t¢ plant safety ind sc forthe.

Sa I've not triad to show any benefits on this
charct.

al significance is seen in the final

®

Now, the ¢
column, where I've tried toc provice an estimate of what
hose peaking factors would mean to the various piants in
terms of their operation. And you'll s2e that there's a
wide variety.

For examgle, Plant No. 1 there's a decrease in

peaking factor of .13, bringing it down to a peaking factor

of 2.12+. Typically -- and these nuambers, this narrative

ovar here 1s based on 2xrerience. Some cases are three-pa

aumcers, but in most cases you'd have to dc detailed nuclear

calculati

O

column 6§ =-=- uyp there. They'rs mostly based on exceriernce.

its first cycla, will offer at a maximum peaking factor of

114 T & '
1 t0 reald pat a concrete coluan S5 == L' SCIL)
° 3

in general we have found that a pglant, after

2.15, in that range, with its load f£cllowing. So if ycu get

down below 2.15 peaking factor, ycu start impacting the

capability of the plant to lcad follow to the extent that it

vas designed to load follow.

So Plant No. 1 would he rastricted in its load

follow cperaticn potentially. iHoOow, what dces that mean, to

ALDERSON REPORTING COMPANY, INC.
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oy
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rn

be restricted in lcad fcllew?

O
“

things that customers have 4one, £ customners have dcne,

]
Y
-

operators have done, cperating glants have dcne, to n
this kind of a challenge.

Number one, we've sold a thing called autcmatic
povwer distribution monitoring system tc plants, where
there's a ball that rings whenever you get above that peak
factor in your plant. When that occurs, you reduce pow=ar.
Some people do that manually. 3Some people administratively
the plant, load

eratin

reduce the flexibility of ¢

w;
o

following fac%tcrse Ckaye

Plant No. 2, you see the peaking factor of 1.89;
Plant No. 3, you see 1.79. These plants, even in the mest
restricted losd follcw casas, which is baseload operation,
vould te impacted -y reducing gcwer.

¥R. SHEWMON: Is lice 2 2% reduced power now?

-
o
Ve ot

ey - ar - P B " 2
« SOENCEB: Na. 2 == guess I kind of hesitate

here becausaes this is a genecic discussion.

v

~re
e O

a

(S}

W¥0ON:

—

Tw
-

udible). Well, I'm 3Just

-

wondering. That's an extremely small increment. It sure as
heil isn’'t load following.

¥i. MUENCH: That plant -- the last time I checked
that plant it was. It did have some reduction in power. So
I guess it would be more proper to say further reduction in

poWere.

ALDERSON REPORTIMNG COMPANY, INC.
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2ne cther item. You see =-- well, twso other

the peaking factor being measured 2n the plant. Ycu only
have toc reduce powar early in the cycls. That takes ancthar
layer in tech spec changes ané changec in the way you
operate the plant to do this.

I think we see several here that are baselocad
operation, reducing power early in cycle, reducing gower
period. The point is that it is a significant impact. This
change in itself is significant relative tc the operating

margins in the plant,

:
<
O
-
.

YR. SEEWY Now, you have guite fairly pointed
out that this is a hand calzulation without any compensating

3 £cr how much of that Jelt

9 |

things. What's your gut feeli
F would remain after you 4id the first cut of cther

o
changes you've asked the N2C for.

¥Re YUENCH: I'll address that on the next slide.
¥R, SHEWYXON: Okays
MR, MUENCH: I think it's pretty easy to do that.

e, 1 was tryiang to

o

The next and last sli
demcnstrate to you the impact of the variocus components of
NUREG €620 that lead up to that change in peaking facter
that I just showed you.

This is a histogram 2f delta peaking factcr due to

ALDERSON REPORTING COMPANY, INC
400 VIRGINIA AVE, S.W., WASHINGTON, D.C. 20024 (202) 554-2345
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jJust the burst temperature parct. Tf# you see a cross-hatched
section, that's tha burst strain part. The sclid section is

the burst blockage cart.

And let me demonstrate the £ferent types of
plants. You notice these first several plants over her2 on
the left-hand side only have burst temperature and burst
strain impact. Of course, that

This plant here only has a clear secticn, which mesns it

caly has a burst temperatuze impact. That's a Flecht

reflood limited plant.
And last bdut not least, this coluan here is a
steam ccoling pliaat, and it has both burst temperature and

blockage impactse.
The main goint I wanted %2 make in this slide is

that blockage, which froa all iadications we have to date

ey

really should be beneficial for you, is a significant
contributor to the penalty of NUREG 0620. And we therefore,
in our own minds, guestion the agprcpriateness ¢f adding
this arbitrary conservatism wvhen there dcesn't s:em to be a
need for that. It is significant.

You asked a guesticn about what our £irst cut, the

changes in models. improvements in models, wculd dc.

guess I would characterize the first cut as reing that which

ALDERSON REPORTING COMPANY, INC,
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we're already beings

our plants are taking thess
today. The staff has 3iven

using some 2£f the scftware ¢

licensing our pzlants eguippe
And that credit that

way, fouc-losp

plants, t..'ee=loop plants,

e« Ubviocusly, none of

ceaking factor penalties

t ia the interim for
developed in

head injection.
this is, by the

two-loop plants,

actually organized in this way £for this gquestion =-=- they
gave us a credit of .2 for the £fs3ur-lc2p plants; .15 fcr the
three~lcop plants; and .12 =-- is that right?

VOICEs +12+

¥R, SHEWYCN: That's for overhead injection or
upper head injectian?

¥R, MUENCH: That's Sor sofiware technology,
nanely =--

MR. SHEWMCN: Ckav.

M. HUENCH: == slipped flow, reflux model
changes, that we licensed in cur "HEI plants.

8., SHEWYGNs So that =--

¥Res MUENCH: I'm secrry?

¥R. SEEWMON: (Inaudible).

MR, PUENCH: (Inaudible). S¢ you can see that
just that model change takes care of (In~udible).

MR. SHEWMON: I guess what I was getting at more

was that it

how much strain one

ALDERSON REPORTING COMPANY. INC.
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there with a higher averac2 strain to have these people talk

t¢ those pesple, or yocu chaange it 3¢ that you =-- one hand
s - =
was talking to the other, +<ould be a pretty easy one to

iaplement. 3ut that -- well, I'a not sure I'm being
coherent.
MR. HCCHREITER: You mean that gives the average

strain that Dick was talking abo9ut?

2]

MR. SHEWMON: No. It was the first point that
came up in Esposito’'s comment, that had to do with the fact
that things ruptured earlier and therefore you didn't have
as much gas conducting change, or -- well, let it go. I
don't find it.

¥MRe. YMUENCH: I guess the clear part of the block,
if I yunderstand ycur gquestion, is that the burst tamperature

act, where you see these clear parts

LY
"
h
w
0O
ot
|
|
o
b g
=
17
=
1%}
[
b |
rh

of the block, is the estimated impact of bursting earlier
without having 3 measured change in the swelling prior to
burst mocde. Is that where ycu

"
"

(28 )

« SHEW¥ON: Higher gap coniuctance after burst
turned out to be due to the fact that you d4idn't have a
realistic total strain at that point in time. You 4idn‘'t
have the strain there that was being used in the other rart
of tue calculation.

MR+ MUENCH: That's correcte.

e

DR

i
=
143}
2
£
O
>
-
-
ot
W
iy
o
a8
w
ot
[¢]
=3
[ 1]
.l
t
a,
0O
[
.»4
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o
®
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L8 ]
@
ot
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<
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straightforward to =make

8. ¥YUENCH:
that part.

MR. SEEWMONG:

Re MUENCH:
at least make sense to

¥R.

4

[y

« BURMAN:

creep strain or the creep yielcing strain,

occurs as long as the 2
the reverse?

stops straining. That'

18

the two parts, the twe models agree.
T Wwent Lack to the sclentists for
Ckaye

Excuse me.
Yes?
part of

The earlier

ressure is on

burste.

¥3. SHEWYCN: Yes.

MR. BURMAN: And that -- that will te less if the
rod breaks earlier, because that is --

MR, SHEWMCN: Not according to €630, in which
written in at least s0ft clay is the assumption that average
strain for the vwhole rod and zaximum burst strain are
linearly related. :

“R. BURYAN: Eut not average strain and burst
time.

YR. SHEWMON: Well, if they are then =--

ALDERSON REPOR.iING COMPANY
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between turst -- burst time and burst s+train.

i £ 5 v
aat 1L they 1l
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q
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ot
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lly go ask them again and

W

admit it in one half, you might re
they*'ll probably admit it in the other half of the
calculation.

MR. NUENCHE: I said we would.

¥R. SHEWMON: OQOkay. That was the simple thing I
had. This turns out to be not so simple.

MR ESPOSITO: Let me try to wrap up ==

M. SHEWYON: Okay.

¥R. ESPOSITO: == with t

And since nobody can £ind them, I can do this a little =it
differently, and that is to look at the cecnclusions that we
have arrived at. And I present a few facts here as we see
them. They're very glcbal facts, but nevertheless they are

the facts as we see thenm.

was supplied to and reviewed by the Nk

Y5 . SHEWMON: Okaye.

MR. ESPCSITO: In this model that we're talking
about and that Ceanis talked about earlier, we used
convolution or statistical average, noct the maxinmum strain,
as the basis of the model. Yocu've heard that Lbefcre.

The second f£act is that Westinghouse developed the

ALDERSCN REPORTING COMPANY, INC.
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moment; but I sail for determining blcckage. 2kave. We

already said that there was a heatup rate degendences on
burst temperature whicn is cresently not in cur larse treak

codes, and we would recommend putting that in there. Ckaye.
Now, before I .2t to the recommendations, I'd like

to go through a few concerns from iaplsmenting =-- they

should be on the back -- scme cencerns from implementing

NUREG Guide 0630. And I think the first one ané the sacond

o

one from the phi.osophical pecint of view are the most
important.

The £irst one is that NRC performing both modeling
and checking functicn is a dangerous precadent. What has

G Guide 0630 is the develcpmant of a model.

)

happened is NUZ

There is obvicusly some belief that that model is ccrrect.

:
[

LEfficults. it baccmes

(20
[

Trying to change that opinion is very
the NPC mcdel. It does not tecome the industry model cr the
vendor's model.

There is a removal, if vou wish, ¢f the check and

bzlances by development of models through the NxC sta‘ff.

And we feel that that is a very dangerous grecedent. This

or

checking is important. If there's data that has reen
obtained that's gquestionable and pecple have a concern about
it, by colly, tell us and #2'll loock at it We will not let

it £fall on the wayside. Aind I think that's how models

should be developed.
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serciou

very

m

concern to asestinghouse. shat it does is it puts

the licensing poin

ronm
vou can aléays mak2 a model more conservative., T

absolutely no doubt in my mind, ycu can always ma

more conservative. And I think that's something

at least be guardied against.

The next item is that, there's no

1

Cak

"

findings that's bez2n obtained idge

S the res

[

particular, we feel that the N2C model

different interpretation by new pecple. The staf

of our mcdels, all of our data, back ina

frame, +We showed strains as high as

Dennis' handout you'll see that iaformation.

complements that data base in osur opinicn;

there's no -- the difference in where the X\

is a different interpretaticn.

The next two lines stand £for burst and

and one is that we think that the ncdel is being

very isclated model. 3ll cf the feedback that we

about, that has been presented in terms ¢of the he

and the thermal hydraulic mecdel, is being disrega

really looked at as an isolated mcdel. It's not
context.
that

And secondly -- this was a comment

ALDERSON REPORTING COMPANY, INC.
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by Dennis a little bit diffarently =-- think that the turst
and blockaga mnodel a2s propcsed -y the HEC is
super-consarvative without talance. ind namely what I mean
by that is that Appendix X is Peing used unilaterally.

T™e next item we have here is peaking factor
degradaticn. W“hat is happening here by the loss oi peaking

factor, 1f 0620 is
-= again, this is large break
the vendors will develop large kre

analyvsis,

ax

Agpendix X

applied, by loss of peaking fac+tor margin

ve as

rodels to compensate

that. We will take our resources, which are always limited,
and place emphasis back on large break instead c¢f cn some of
the items that it should be placed on, like small break,
like proceduyres. And that's what it will £crce us to do.
And I think that's important.

It seems like if we loock at the Kameny Commission
report, if we look at the Zcgevin repgort, et cetera, the
preoccupation with large brsax is driving us in perhaps not
a very positive directicn.

The results of operating -- re-analysis of
operating plants: I tried tc give you some feel fcr a more
practical point of view, if you wish. If we have to
re-analyze all the plants on a backfit basis =-- that means,
all the plants have to be redcne == our guess =-=- and it's a
pretty gocd gsuess =-- it costs about 32 millicn to perform

that activityr.
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{3. SHEWMCN: That's for how »any plants?
¥2, ESPOSITOs That is for 14 plants.
MR, SHAEWMON: Okay.

¥R, ESPOSITC: That's about $2 million. And these
are rough auadbers. There's an "approximate”™ sign thare,
Ckay, it can go higher and it c»uld possibly be lcwer.

The other part is, if it's only done on a forward

fit basis, cne of the concerns we have is that wWe wculéd have

(2]
[

different bdasis for different plants. So if you conly do it
as a plant comes up and needs to have a re=-analysis for sonme
reason, we have a mishmash c¢f some gplants with cne mcdel and
some with the other. And that Jjust causes difficulties,
especially if we have to ever lcck at potential unraviewed

safety issu2s. #dhit mnodel do we use? It gives us sonme

problem. =Zut that's what forward £it would do.

¥S. SHEWMON: shat would be different for
different plants? 7T mean, let's say every time you came in
with a reload it had to be on this basis. UCifferent plants

are different, but I don't understand what you mean by

ifferent basis.

=
(28 )

o ESPOSITO: What I mean by that is that I may
have half of my plants who are not relocading, and therefore
they are not getting a re-analysis. Therefore, they still

have the ¢ld bases, whereas th2 cnes that may have gotten a

reanalysis have a 4ifferent basis. And it's just those

ALDERSON REPORTING COMPANY. INC.
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different bases that <an give us scme groblenms.

.

8]

¥s (e 4 @ 1 \ = - = 11 - - - L]
¥te SEEWHCONS nd esthetically that tcthers you?
| -] T ho ol . o b . - - .

ME, ESPOSITO: Yese It's the == that's parct ==

it's a little bit more complex. We've seen burst mode
limited, reflood limited, yo~ know, types of plants, and it

just adds cne mcre dimensione. t may be, in retrospect,

o

mor2 positive than total backfit, okay. So if I put that in

i \ i i -
- -

the degree point of view,

LA )

12 to total back p
okav.

Now, let me give you our recommendations, okaye.
And these are, perhaps, in what we're2 asking £for, relative
to what the staff are asking for. In the short-tera, I
think we, in particular Westinchouse in thig case, and the

NRC, should reach agresement on the heat-up rate degendence

on the burst temperature. You heard lDennis' discussicnse.

O
AN

ns. #we still have a difference

P

You've heari cther discuss
of opinior on the heat-up rate dependence, ckay. I think
that has to be ironed cut.

Secondly, it's our reccmmendation that we maintain
the exis:ing strain and blockage model as we presently have
in our evaluation acdel. Ckay, the model that was being
discussed earliesr. If we have toc use anything, we would use
it on a forward fit basis, so we dcn't have to run

calculations forever.

U |

recegnize that this -- or please reccgnize that
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forvard £it is the least -- is a3 less prollem than backfit.
Ci’.ay.
¥R, SFEWNMON: I woull guess 50,

MR. ESPOSITO: In terms of the long-tern
recommendations, w2 telieve that rulemaking should be used
to address any zotential blockage concerns, along with the
Flecht-Seaset data that's being developed to address

Appendix X, specifically. ®OSkay. There have been rulemaking

th
y

considerations alreadiy made by the staff, and in that
consideration, if I remember correctly, we've seen cooling
was one of the issues which was gecing to te addressed during
the rulemakxing hearing.
think that tle last iitem here can give us mcre

of a3 balance betwean some of the things that are pocsitive
that ve've seen from data and some reorle's interpretation
0f other data. And TI'd like tc try to get that kind of
balanced apprcach.

Thanx ycu.

Y8, SHEWMON: Ckzy. Thank yov.

As soon as you finish, we can go to supper. I'm
not talking to you.

Are you the clean-up man?

U

-~
- -

13.

e
w
1e)

N: I think I'm the clean-up man, but

(=

may get some ascicstance from Les Fubenstain.

I decided I wculd limit my clean-up simgly tc our

ALDERSON AREPORTING COMPANY, INC.
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proposed schedule.

¥3. SHEWAMON: Okzy.
¥, LAUBEN: Zecause I guess lLes, before I care,

had mentioned to ycu that what we were looking for was a

nk a letter saying that you approved of the

'4.

letter, and I th
way ve planned to 3o about this. That would be our desire.
And =--
MR. SHEWMCON: I'm not sure how you plan tc go
" e

about it yet. 3Zut then, you'll tell me that eventually.

¥R, LAUBENXN And the schedule.

¥Rk. SHEWMON: OQOkay.

MR. LAUBEN: think also, let me ~- let me, if

=

can find the schedule =--

Mz
.o

It*'s on the last page ¢f th

o« SEEWXC
handout. DO you want t¢ borrow mine?

e UBEN: Ya

2
e @ ~h e S

(Laughter.)

[e]

"
Ly

M%. LAUB first item is correct

(&3]

Xs At la2ast th

®
-

and we ~resume tha*t the second item is going to be correct.
We're going to discuss this to some dejgree Friday with the
full Commi.tee.

Now, the next part is our pact ¢of the schedule,
and that is :hat we would infcrm the licensees and the
applicants the first of next month that ECCS evaluation

models must be revised; and then, in a period of three
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calculations -- excuse me =-- revised evaluation mecdels would

0

va sybmitted to us £for review.
These revised models would include =--

MR, SHEWYON: All risght, 3Just 2 minute. You say

(5}

"revised models"” and your handout says "sanple
calculations."”
¥R. LAUBEN: Ckay.
MR. SHEWMON: Okay. You're at the one before that.
MR+ LAUBEN: Yes, I'm at i still.
MR. SHEWMON: All right,

| EN: The revised models would include

w

« LAU

o

compensating benefits that the fuel vendors would feel would
be appropriate at this time. Fick menticoned that there wvere
-= there was what he called UHI technology which has already
been submitted on behalf of certain Westinghouse applicants,
which is under review by the staff and for which it would
not require them to =-=- would nct require any more difficulty
on their part to submit it for a generic model review.

In addition, Combustion Zngineering has already
submitted compensating bensfits in the area sf flow

distribution, for which they wouldn't be =-- there wouldn't

(3l

be any difficulty for them, either. As a matter of fact,

they've already subaxzitted it.

The other vendors, I'm nct aware that they feel

ALDERSON REPORTING COMPANY, NC.
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that they would te reguired to send anything else in of a
compensating nature, but they would be free to do that as
vall.

€a
<0

it doesn't appear that that would be too

"

gnreasonable a schedule for tha2 vendors to meet,

right, that's your opinion, that

S
0
]

W¥CN3s

(=

-
-

e

H

)

tvo months is plenty of time for it?

¥3. LAUBEN: Yes, that's right.

MR, SHEWMON: Ckay.

¥R. LAUBEN: Now, the next part -- in addition and
at the same time, we would request samgle calculations with
this revised model of the YSSS vendcors' worst plants, worst

breaks, with the ravised model, to set interim assurance

that all plants meet 10 CFZ 1546 with revised ECCS
evaluaticn nodels.

Now, I think I micht want tc ask =-- well, I might
want to ask Ralph at this time, if he hasn't already said =--

¥R. SH

™

WMCN: Let me ask a minute. You feel that
the vendors in two months can gin up a new mcdel, do all
their calculations, check it out and get it in to yocu. And

then, working very hard, it takxes you 2 full year to review

2., LAUBEN: Well, first of all let me say =-- yeah

YR, SHEWZON: It dcesn't quite sound fair.

LS
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mean, [ realizs Westinghouse has a lot cf resocurces.

e« LAUBEN: Yean. I think thera's a ccuple of
reasons. #Ae're lizited in rcescurces. 3ut mcre importantly,
ve helieve that there may still be a lot of interchange
that's going to go on about these mcdels, and that it's not
going to be resolved the minute they send us the new moiel.
There are still going to be things that are going to need to
be 4discusseid with the vendors.

MR, SHEWYON: Now, you could get the same symmetry
of one-vear br2aks there if you'd say it was due in on 10/81
and then you had to have your review dcne 1/1. That wvay
you'd have the cone~-year break again.

M3. LAUBEN: We would be interested in the
Subcommittee and the full Committee's views on it, If ycu
feel that another month or two would help the process, I'm
surs we wculd ccnsider it.

¥R. SHEWMON: Okaz.

¥R. LAUBEN:

4
-
=

tell you whate. We're -- mostly.,

e

ve felt it was important tc try to do twe things here with
this on 1/1/81. First, in crder to satisfy the legalisas of
not runaning with this patch that we've run with; the idea
that Rslph expressed that it's back of the envelope
Calculation., We're trying to get rid of that as scon as
possitle.,

So we're asking for some sample calculations with

ALDERSON REPORTING COMPANY. INC.
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vhat the vendors feel is as close t¢ a full-klown rnew ncdel

ind the other thing is that we dc telieve that
it's not toco raestrictive, in view of the fact that most of

the things that have been discussed that we would envision

b |

them coming in with, a3all .22 vandors, have been discussed
vith them before, including NURZG 0€630. I +think that as far
as the most significant aspect, it is in the hot pin
calculation. And my experiance is that you could put in a

NURTG CE30 nodel in a matter of a couple cf weeks.

()
15

R

Now, 1f there's still going to be some discussion

o

abcut what's an appropriate model, if it's not going to be
exactly NUBEG 0630, then I say, ckay, let's discuss %hat
after 1/1/81. aAnd that's the reason «e have a longer
schedule for that.

I'1ll entertain a juestion.

¥Re ESPOSITO: Just so the statement doesn’'t go on
the reccrd as uncommentad cn =--

¥2. L2UBEN: Hey, listen. I bit my tongue a lot
when ycu suys were up there.

Laughtert.)

[
or

YR. ESPOSITC: We wculd de submitting models =

O
= |
®

(Inaudible) hadn't seen tetween now and the end of '81,
of the thinjys that Norm is talking about that the staff

presently has under review, which was >riefly mentioned
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earlier, is the UEI technolcgy aspect. And the reason for
all the work that Westinghouse 2iid there was to be able to
compensate for some of the potential penalties we see in
some ¢f our products coming dewnstreanm, the fuel. We did
that vork to ccmpensate for that.

So we would still have to g¢ ahead and develop
more technigues, more models, to (Inaudible).

M2. MARX: Could sks Sample calculations of

(]
w

that mean one worst plant

b
o
D
0

the vendors' worst rlants;
from each vandor?
MR, LAUSEN: That means, like for Westinghouse,

one =-- cne worst plant of a plant type.

3. YAEX:¢ They might have to do a two, three, and

a four-loop?

¥R, LAUBEN: Yes.

MRe “ARK: Now, do you have a preferred list of
vorst plants? Or by the time they put in their miticating
features, the plants you're thinking of might lock a lot
betrer.,

¥R. LAUBEZN: Well, it could. But for now we'd be
villing %o accept =-- I think we'd be willing to risk the

fact that we'll take the one that has the highest priority.

.~

%. YARK: On the o0ld nmodel?

r
-
@

MR, ¥2ARX: So it would e the worst one on

LDERSON REPORTING COMPANY, INC.
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prnsent mocdel woull ke locked at in the new modele.

v

¥R. LAUBEN;: ure, it's a risk we take.

¥R. YARXK:s I can see it's a risk.

(Laughter.)

MR. LAUBEN: Rick and I have played this peaking
factor game before. we played it with the zirc-vater srror,
and I think ve guessed ccnservatively correctly on abecut 19
out of 21. So I don't think that batting average is tco
bad. So I'm willing to taka2 the risk.

MR, SHEWHCN: That's a lot better than 400, and
that's wvhat's (Inaudible).

(Laughter,)

¥R. SHEWMON: Okay.

YR. LAUS

m

s So anywvay, admittedly this schedule
is long. wa're trying to submit something that locks as
close to %UREG 0630 as possible by January 1st, so we can
get out of the tack ¢f the envelope game; and then take sonme
time if there are still discussions that wve need tc iron
out, with na2v mcdels that may take into accouni average
strain or, as Vinnie has pointed out, maybe even some new
thermal fiydraulic models that I haven't seen yet.

Now, let's see. S0 that == you're right, there's
a whole year in there befor=s we have the final scdels
completad. And then there's ancther y2ar that lcoks like a

backfitting year., I'd say I'd be willing to entertain

ALDERSCN REPORTING COMPANY, INC.
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¥R. SHEWHON,

"
O
-
w
tr
O
o
W
7
(9]
L3 |
-
“w
"
(=9
|
a0
b
or
ot
"-
o3
.
~
0Y]
e
"
-

i

o
'

te

"

Esposito would like it b *
¥2. LAUBEN: Well, there would be no == there
would be no forwar?d -- thera wouldn't be any forward fittirng

yet. It says analyvsis would revise models for all plants.

MR. MON: There'd bde some back fitting.

v

H

™

ER. L That would reguire some back fitting,

T
o
(&8 ]
I |
-=
.-

h»ecause not every plant gets rzlcaded within a year, nor
does every plant -- a lot 0f plants are what they call 50.59

plants and they don't have to be re-analyzed every relocad.

O
3
®
o
[
O
~
3
(-
t
(4
-
®
n
1Y)
.

So this would inmply s
Azd I°'a sgen t2 rathink this one if we have to,
After all, that's tweC Years awave.

¥R, YARXK: You left off a day of 193<.

o

¥3. LAUBENs:s I did.

(Laughter.)

come in on Yew Y=2ar's Eve.

(Laughter.)

¥R. LAUBEN: Do you care to elaborate on anything,
Lester?
o SHEWHCHN: I think at this point let me, I
think the term is, 30 intc cpen executive session. DCces

anybody see any problems with taking this tc full Ccamittee
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on Friday? And if not, dc we have any advice on what they

hoyld be =-

1 -
lams sthat

o
"
=
-
“l
o
L&)
-
(&)
"
-
“
v
o
b4 4
g
LA )
»
Q
(ad
~ 4
®
"
1
"
0
o
0
o

w3, LAWRCSKIs Hew much time is scheduled for 1it?

MR, SHEWMON: Two hours.

¥R ¥ATHIS: About two hours.

Are we as a Subccmmittee exgzected tc have a
recommendation of sorts?

¥3. SHEWMON: Presumabdly, if we go tc the full
Cormittee, we +ill. And maybe that's another guestion to
»ring ocut. Dc ycu feel that we can write a letter on it or
you would like to write a letter cn 1it?

MR, MATHICS: I'd hate to have tc write the letter
right nowe. Let's think about it. We've got a cday, two.

MR, STEASSERs It depends what the letter savys.

VR, YAT¥IS: Wwnen is this to be discussed? Friday?

O
wmn
-
(9%
o
.

¥2. BOLEUERT: Friday, 4320 ¢

MR. SHEWYON: I don't know whether ve can 2czing
open =-- you kncw, #we can tal% to Plesset about -- one could
Write a letter saying, you know, parts of it we like and
parts of it we Jonder absut and, gee whiz, it weculd De nice
if Appendix £ could be reccnsidered some day. Or we cculd
just say, 630 is great and let's implement it. Or something
in between.

MR, LAJROSKXT: Well, in viaw of the discussion of

1]

’

today, I thiak trying to get that thing in in two hour
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that's -- that can get tough., That may influence whether or
not you can write a letter.
¥, VATHISs Well, there's one other part of this,

and that is that 630 as such is still joing to be two years

in the review process, essentially.

2

v

<

(]

R. SEE N: VYes.

R. ¥ATHIS: Sc there's a stall opticn in here.

o

You proceed with a schedule similar tc this, to be reviewed
vhen you get all the feedback ycu asked for.

MR. S deil, "stall option”™ is what the

b= -4

s
TN

(@]

N

staff would say. It's not what Westinghouse would say, I

suspect. It's in the eye of the beholder.

H,

It seems toc me one O the cother guestiocns is to

what extent this Jets cast in cecncrete. The last time ve

heard this presentation it was supposed ‘¢ be good for ten
years with ne further changes, maybes, we hoped. This time
evervybody agrees that there will be other results in in a
fevw years, and maybe if the staff's flexible =- they're
always reasonable; just asx thenmn.

¥ho were you pointing at cver here?

ME. RUBENSTEIN: I would look for some stadbility

over the next three to five years. I can't promise ten

[0}

years. There is a lct of activity. ut we, the staff,
certainly don't want tc r2open this in 2 ten-year ternm

again. One of the things that's driving us to get it behind
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us is that we want to do other things.

v

By
()

v
N

o

cu -~ * 1 N : %
¢ SH N:s T[Co vou f£eel tha admcniticn to make

-= not underestimate clad strain or whatever, the ballconing

¥R, EUBENSTEIN: Incident strass.

MR, SHEWMON: == also requiress that you put that
into an increased blockage model and not just an increased
rate of oxidation and whatever else?

NSTEIN: I think to some degree; I think

h | Us

w
3

o

it does.
MR+ SHEWMON: Yeahe. oCne ¢f the things that always
sort of bothered me in this business is instantaneous

unding calculation, but

O

double-ended pipe breaxs may be a b

1]

when you get to beliave in them sO much you worry about
asymmetric loads it really gets rather silly. 3ut ==
MRE. RUBENSTEIN: We wouldn't object to your views

on the overall Appendix XK.

1

i

e SHEWNMON: Well, dc we nave any other?

Re STRASSER: Is there a poctential of considering

s
wm

Pic's model, any time to considac it?
R. SHEWMON: It seems tc me =--
@, STRASSER: 32ecause that seems cne ¢of the major
objectives.
¥R. SHEWMCN: To me that would come under the

general heading of flexibility. It seems tc me that's one

ALDERSON REPORTING COMPANY, INC.
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very interesting thing that has come upe. <There is data

@xtant to 35 back and lcocok 3t this over the next six mcnths

.

or a year and get something out in something much less than

o

five years.

I think the ¥Y2U stuff is really not going to jet
shaken down for several years.

MR, STRASSER: I just meant a revision or

modification based on current data, not data £from new --

¥, SHEWMON: WwW2l1ll, you'res still talking about a
reasonable amount of time. I mean, even if he werks all his
veekends, to get it down, g=et it shaken dcwn, get other

people to look 2t it, is six months mininum. Sc¢c I'd be

]

t

o

e

"
-

pleased, if we 40 Writ2 a 1l t3 put in scmething

ot
=

hat and if it locks

b

saying, yeah, th“e* should lcok at
reasonable or centinues to lock promising, why =--

¥2. MATHIS: I have one other guestion, though,,
and that is¢ Is the staff really lcocoking at this as a
£lexibdility kind of thing for (630, or do you consider 0630
as cast in concretz, essentially?

MR. BUBENSTEINs Vell, let me answer that in two
ways. One, we w@would like not to be prescriptive and say,
0630 is the way you have to do it. 3ut that would be
facatious. In point of fact, when you look at the data on
the flow blockage curves, for exanmple, and ycu £ind that %the

staff's bounding with the flow tlockage curve, while we
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disagree somewhat with Westinghouse, is nct grossly out of
line.

Fawever, we wceculd want to obtain a mocdel which
used averagz strain if there were sufficient data. And at

this time I'm not sure the data would changs the cutcenme

'
|

drastically in terms of the ultimate ow blockage. It is a
nore satisfying way of calculating it than with the
ruptures, strains, and it's prcohably more fundamentally
basad. But it probably won't change the outcome, and
probably that is -- I'm probably not as optiamistic as Dick
is that scaebody's going to throw it together and ve're
going to review it in nine months.

¥R2. SHEWICN: In other words, what ycu're saying
is that the concrete is setting mighty fast.

MR. MEYERs The outccme of the NUREG 0630 model on
flow blockage Jjust skims across the top of the ccllecticn of
nine -- eight or nine data points that we have. ind however
you approach that, you're gcing to have to skim along those
data points. And I don't see that a different apprcach is
going to afford vou much variation from what we ended up

with.

¥R. STRASSER:

(&)

n

W

different approach agparently

o
|
ot

may be the differential, temperzture differences,

ciccunferential differences in temperature. Is it even

feasible to have such a model.
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¥R. RUBENSTEIN: I would lesave that gquestion to

MR, RUBENSTEIN: I would lezve that guestion to
Westinchous=.

Rs: (Inaudible). There's Argonne data,

m
"

¥R. STRAS
and others have also proposed this as a --

MR. RUBENSTEIN: (Inaudidle)e. LCCA space would be
rather difficulc.

¥P., STRASSZR: Yes. 2ll right. As Ralgh says, to
define temperatures in a LCCA is pretty toush. I'm

wondering whether it's a feasible test or not.

M3, SHEWYON: It seems to me there's cne
ghilosophical peint that bothers me a fair amount. Ancd I

don't know whether the Committee's willing tc take it cn or
aot. But if Westinghouse brought it up and if we are trying

-
1

eels chat they

120

body

®

to attain truth in some way, if ever

<

must be on the conservative side of everything that's
reputable, then you know darn well that you don't 2nd up
with a best estimate or even a mildly cconservative estimate;
you end up with an extremely conservative 2stimate.

And that's what bothers me abcut this statement
hers that we must end up with a curve that bounds these nine
points; you know, purity would not allow anything else.

¥R, BURMAN: I'4d like tc make a comment on Ralgh's
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comment., All of these multi-rod burst tests that he's

e

e |
"

-

saying he skims the boundary of are, 4 By 4 tests.

-

Qak Ridge r2cently ran one 1itetle bit larger. If ¢

<

E 's

o
"
»

something diffesrent, then w2 have =--
MR, MUENCH: There 2.2 7 :y 7's in there.

R. N Q- 7 by 7s sppendix X and the model

a-
-

URH
approvals raguire that we bas2 blocrage on a full assembly
cross-section. And from Dick's discussion of average burst
strain, even though those small bundles shcw higher peak
¢lad blceckages or peak flow blockages in the smaller arcrays.,
when you put thcse together to make a larger array, which is

our model base, they won't have that maximum. They will

have mecre like the average.

¥R, *

L) ]
y
O
"
ot
o
'
ot
@®
=
©
[
o
O
-
o’
[ =]
g
Q
3

YEZ: We accounted
0630, It was taken acccunt cf.

¥, SHEWMON: It may not he accurately, but it's

MR, ¥ZYER: There's a difference with smaller
blockages bassd cn averages instead of peaks for PWER

blockages.

MR. SHEWMCN: How do we =-- how do we extrapoclate
from 4 by 4 to 17 by 17?2

HR., ¥YEYERs:s What we do is, for the nmodel as
compared to the data, since the data are taken in the plane

of maximum blockage, we use a mrodel that's designed to give

ALDERSON REPORTING COMPANY, INC.
400 VIRGINIA AVE, S.W., WASHINGTON, D.C. 20024 (202) 554-2345



10
1"
12
13
14
18
16
17
18

19

21

24

209

maximum blockage based on the 2ak Ridge tests.

"y

"

oking at

O

O

or the large PWE sundles, instead

ot

the plane of maximunm blockage in Chapman’'s test, Wwe average
and just look a2t average blockage and say that cur

e size affect will be to back awvay from

(=]

adjustment for bund
maximum blockage as cbserved in the test to average blcckage
as observed in the test,

MR, SHEWMON: 2And you hope and believe that that
comgensates for going from 4 by 4 to 17 by 17?

¥R. METYER: Well, there are 7 by 7's in there.
Yes, we do, basically.

MR, STRASSER: Scmewhere in some report I think ==
I forget which one now, who commented on it; I think it was
Chapman himself. ¥e didn't feel that this vas
extrapclatable to large tundles.

¥R. ¥TYER: Chapman's here.

MR, CHAPY¥AN: I think what you have refe_.ence %0

r
Y]

is gp2rhaps pressure drop data per se frcm the 4 by 4 to
larje bundls, because of the lack 9f radiant restraint.
From that viewspeint and also, I guess, (Inaudible) who say
that deformation in a larger bundle may produce more
blockage, because the outer rods constrain the inner rods
and so they can't balloon out nicely. They lbecome -~
(Inaudible).

L. It could be either direction,

0
& |
)
e
n
(€51
1
0
.

ALDERSON REPORTING COMPANY, INC.
400 VIRGINIA AVE, S.W., WASHINGTON, D.C. 20024 (27”) 554-2345
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either more or less than 7 &y 7.
2+ CHABYAN: VYes.
¥R, SHEWMCN: Ckaye. .0 we have any other

guestions or =--

cn

o
0
o
"
W
or
O
=
w
o
w
La)
b
a
=
w
r

¥R+ LANRCSKI: Coas ar

e |
-

they speculate will be the result of the further experiments
that were mentioned with N:U? Is the probability high that
that will provide further verification of the position? Is
it going to load to greater disparity?

MR. SHEWMCN: Tt seems to me there are three
points. Therte's that, when you get intgc an in-cecre, whether
anything can be made that would convince the staff of the
statistical argument that Dick was refa2rring to but we
didn‘'t cet intc, that basically scaling up the smaller units
to big units, an awful lot cf -- oKay.

And T've fcrgottzn the third one because I'm
getting hungry. I don’'t knowe The guesticn is open. GHould
somebody care to speculate?

MR, JOBSSTON: I'd like to srveculate a little bit,

(et
(=

because part of tha sequenc2 of tests we've designed wicth
(Inaudible), the NRU tests were designed to try to pick up
the out ¢f pile stuff, the ¥2BT, and look at the real
effects on the thing; and also to reflect doing it with
something other than electrically heated rods. Eecause it's

true that the circumferential effect cannot really te

ALDERSON REPORTING COMPANY. INC.
400 VIRGINIA AVE, S.W. A WASHINGTON, D.C. 20024 1202) 554-2345
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lire that
from tests
time £frame
would be t
idea that

serve as a
hadn 't con
you've jzot
don't ball

actually o

hadn ‘'t Dbee

larger (Inaudible),

h

we have

tests. I

whether there

whether they're

or not.

Wa == and I expect if we should learn something

from the NRU tests, or if we should learn that

SSOR ir. a2 somewhat later

1

that ac2 conductad in

bundles of size 36 and thereabouts -- that

he 2C0

siZe.

We had the thing that Chapman referred to. The

vhen you get the larger bundle, the outer rods

constraint, is a possibility, something that we

that we should have. That is, if

sidered maybe

rods on the outside that are not heated cr which

ocn, the rods on the inside exrand ocut and
czupy more space than they would have if they

n restrained.

information.

2lementz,

larqger

That is a possible negative which may in fact get
and I think we neel to get that
MR. SHEWMON: Larser ballconings on certain

but not lacger average total, is it?

MR, JCHNSTON: The cnes in the center could have

ballooning than you would have ctherwise.

¥R, SEEWMCN: Yer.

ALDERSON REPORTING COMPANY, INC.
400 VIRGINIA AVE, S\ W., WASHINGTON, D.C. 20024 (202) 554-2345
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¥R, JOHNSTON: They have more restraint.
€2, SEESWYCN: Okay.
¥R, JOHNSTCN: Inaudibdble) £from dowing. That's a

factor that may compensate for the circumferential
temperature effect.

I guess what I'm saying is I don't kxncow whether
it's going to confirm or deny. I think there are two
effects that we have yet tc learn about, one of which will
move things in a smaller ballconing direction, the other of
vhich would tend to move it in the larger ballcocning
directione. I don't think we know what the balance will be
yet.

MR. LAWROSXI: Do you think the situation is S0-50

or is it §0-407 (Inaudible).

11

¥E. YARKs It's 60-40C; he docesn'® xnow which way.
(Laughter.)

¥R. JCHN

(7]

TCN: I juess like to say I'm
cptimistic. I alvays like toc feel that scmething --

Mi. SHEWMON: (Inzudibdle).

MR. JOHENSTON: I feel that they will protably be
somevhat smaller than were anticipated, because T Xnow more
about that kind of estinmate.

¥R, SHEWYON: 1I'd like to bring this to a close.
Does anybody else have any other guestions?

iR. ¥

tel

(]

YE2s:s 0Or pezrls of wisdonm.

ALDERSON REPCRTING COMPANY, INC.
400 VIRGINIA AVE, S.W., WASHINGTON, D.C. 20024 (202) 554-2345
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o 5 - e .
M=, SFEWYCN; Or pearls cf wisder.
MR. MTYEZ: have a vVery cecnstructive suggestion.

ME . SEEWYCN Aziie from adiournnm

s

™

"
.

ot

"

MR, MTYES: Aside f£ror adiournment.
There h1as be2n some Ziscussion abcut whether 2 new
decay heat standard could be used without revising the

S. The stasf has in the pa.: made some statements cn

"
“
=)
W

that to the effect that it couldn't Lbe done. +'m Bot

gersunally convinced that that has reen explored £fully as an

~
b
h

optious I think that would eliminate (Inaudidle

possible and would avoid going through a rulemakiag proecess.

ACRS its=21f has not encouraged our geing ianto
rulenaking hearings. So really, We are in between a r2ock

M3, SHEIWMON: My gJuess is that somebody will guote

scripture to us just abcut the w#way Yorm did, and that is
even more firmly stated than using only dry steam and raking
it a negative cecntribution tgo whatever. 2ut you maylbe r=ead

it aore rec2ntly than I have,
(Whereupon, at 6;26 p,m,, the Subcommitteae

was adiourned.]

ALDERSON REPORTING COMPANY, INC.
400 VIRGINIA AVE, S.W., WASHINGTON, 0.C. 20024 (202! 554-2245
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APPENNIX K, ©8eA, I.2,
SWELLING AND RUPTURE OF THE CLADDING
AND REL RCD THERMAL PARAMETERS

EACH EVALUATION MODEL SeALL INCLLTE A PROVISION MR PREDICTING CLADDING
SWELLING A\D RUPT.RE FROM CONSIDERATION OF THE AXIAL TEMPERATURE DISTRIBUTION
OF THE CLADDING AXD FROM THE DIFFERENCE [N PRESSURE BETWEEN THE [NSITE AND
QUTSIIE OF THE CLACDING, BOTH AS RNCTIONS OF TIME, TO 2E ACCPTARBLE, THE
SHELLING AND RUPTURE CY "LILATIONS SHALL BF JASED ON APPLICABLE DATA IN SUCH A
WAY THAT THE [EGREE OF SWELLING AND INCIDENCE COF RUPTURE ARE NOT UNERESTIMATED.
THE [EGREE OF SWELLING AND RUPTURE SHALL ZE TAKEN INTO ACCOUNT IN CALCULATIONS
OF GAP CONDUCTANCE, CLACDING OXIDATION AVD EMBRITTLEVENT, AND HYDROGRN
GENERATION,

THE CALCULATIONS OF FUEL AND CLADDING TEMPERATURES AS A RINCTIN OF TI'E
SAALL SC VALLES FOR GAP CONDUCTANCE AND OTHER THERMAL PARAMETERS AS AINCTIONS
OF TEWPERATURE AND OTHER APPLICABLE TIME-DEPEENT VARIABLES, THE GAP CONCUC-
TANGE SHALL 3E VARIED IN ACCORDANG WITH CHANGES IN G DIMESIONS AND ANY
OTHER APPLICABLE VARIABLES.

PN



PARA, [.0.7,
PR CORE FLOW DISTRIZUTIN DURING 3LOWDOWN

..... THE HOT REGION CHOSEN SHALL NOT BE GREATER THAN THE SIZE CF ONE REL
ASSEMBLY. CALCULATIONS OF AVERAGE FLOW AND FLOW IN THE HOT REGICN SHALL
TAKE INTO ACCOWNT CROSS FLOW BETWEEN REGIONS AND ANY FOW BLOCAAE AS A
RESULT OF CLACDING SWELLING OR RUPTURE.

Dﬁon' Ilﬁl:l

PWR REFILL AND REFLOOD HEAT TRANSFER

DURING REFTLL AND DURING REFLOCD WHEN REFLOCD RATES ARE LESS THAN ONE
INGi PER SECOND, HEAT TRANSFER CALCULATIONS SHALL BE 3ASED ON THE ASSUMPTIN
THAT COCLING IS ONLY BY STEAM, AND SHALL TAKE INTO ACCOWNT ANY FLOW BLOCAE
CALCULATED TO CCCUR AS A RESULT OF CLALDING SWELLING OR RUPTURE AS SL(H
BLOCAGE MIGHT AFFECT 30TH LOCAL STEAM FLOW AND HEAT TRANSFER.



SWELLING AND RUPTURE EFFECTS

FLOW BLOCKAGE EFFECTS

1. SURFACE HEAT TRANSFER

2, COOLANT ENTHALPY

STRAIN EFFECTS (PIN GEQMETRY)

1. SURFACE HEAT TRANSFER

ro

GAP HEAT TRANSFER

3. METAL-WATER REACTIO



[MPORTANT PARAMETERS
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FUEL TEMPERATURE | v
BURNUP (FISSION GAS) | AN QATE i
DIMENSIONS IN RATE)

PLENUM TEMPERATURE (TI! E AT TEMPERATURE)
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RUPTURE STRAIN AND INC _—a

THE EFFECTS ARE DIRECTLY CALCULATED USING THOSE PARAMETERS.

ALL EFFECTS (EXCEPT SURFACE RADIATION) CONSIDERED FOR ALL
ANALYZED PINS THROUGHOUT ENTIRE TRAMSIENT.

SURFACE RADIATION MODELS APPLIED DIFFERENTLY DURING POST-BLOWDOWN
PERIODS (PWR EFFECT & 3Q°F)

GREATEST EFFECTS ON HOT PIN (PWR) OR HOT PLANE (3WR).
STRAIN/INCIDENCE EFFECTS CAN EFFECT PWR FROM RUPTURE ELEVATION
(37T TO SFT. GREATEST SINGLE EFFECT 1S TWO-SIDED FEACTION
AT

RUPTURED NCDE.

SFFECTS FOR PROPOSED STRAIN/INCIDENCE MODEL CHAMGES WORTH
C - 800°F (0-.05 Fq).



FLOW BLOCKAGE EFFECTS
(FLOW DIVERSION HEAT TRANSFER)

BLOWDOWN EFFECTS SMALL FOR MOST REACTORS, (EXCEPT SOME BaW)

POST-BLOWDOWN BWR EFFECTS ACCOUNTED FOR IMPLICITLY IN HEAT
TRANSFER MODEL DERIVED FRCM 3WR FLECHT,

PWR 3LOCKAGE CONSIDERED ON HOT R0D ONLY WHEN FLOODING RATES
LESS THAN 1 IN/SE.. (A

FLOW DIVERSION AND HEAT TRANSFER CALCULATED DIFFERENTLY
FOR ALL PWR FUEL VENDORS (&1 IN/SEC.)

EFFECT or PROPOSED 3LOCKAGE MODEL CHAMGES WORTH O - 15Q° F
(0 - .15 Fa),

PPENDIX K STEAM COOLING REQUIREMENT),

\{\



AMMISSIAN NRININ

FOR LOWER REFLOCD RATES BLOCKAGE WOULD HAVE A DELETERIOUS
EFFECT AND ONE MUST RESQPT TC CALCULATION WITH SINGLE PHASE STEAM
COOLING, TAKING INTO CONSIDERATION THE EFFECTS QF 2LOCKARE ON

w - -

CORE FLOW DISTRIZUTION

Vil | - RPTTL" NNy



PWR REFLOCD FLOW BLOCKAGE DATA

. APPENDIX K CONSIDERATIONS BASED ON EARLY PWR FLECHT BLOCKAGE

TESTS.,
RESULTS INCONCLUSIVE

BLOCKAGE NOT TYPICAL

HEAT TRANSFER NOT ADVERSELY AFFECTED EXCEPT AT HIGH
BLOCKAGE & LOW FLOODING RATE.

FE3A, NRU + NEW FLECHT BLOCKAGE TEST RESULTS AVAILABLE
IN 1 - 2 YEARS,

EXPECT RESULTS WILL SHOW EFFECT OF BLOCKAGE NOT AS SEVERE
AS PRESENT MODELS SHQW,
RECOMMENDED APPENDIX K CHANGES:

ELIMINATE STEAM COOLING REQUIREMENT

CONSIDER BLOCKAGE EFFECTS AT ALL FLOODING RATES
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TWO-PHASE FLOW EFFECTS

o MOST HOT-PIN RUPTURES IN PWR LICENSING ANALYSES ARE CALCULATED
TO OCCUR SOMETIME BETWEEN LATE BLOWDOKN AMD EARLY 2EFLOOD
(INCLUDING REF.LL)

o THIS IS THE TIVE WHEN THE SYSTEM S MOST "EMPTY” AND THE
CLADDING IS HEATING UP,

o ALSO THE SYSTEM IS CHANGING MOST RAPIDLY FROM HIGH QUALITY
STEAM DOWN FLOW, TO AN UMKNOWN 3EHAVIOR DURING REFILL, TO
REFLI0D FR0% THE 2077,

o CURRENTLY AVAILABLE SXPERIMENTS 0P ANALYSES CAN NOT ACCURATEL
CHARACTERIZE THE TWO-PHASE CORE FLUID 3EHAVIOR DURING THIS
PERIOD. (EXCEPT EARLY REFLOCD WHERE UPPER CORE ELEVATIONS

Vot - L
ARE DRY).

THE "TYPE" OF TWO-PHASE FLOW COULD HAVE AN EFFECT O STRAIN AND

BLOCKAGE,

o HOWEVER, RZFLOOD TEST DATA INDICATES THAT RUPTHRES OCCUR
200-800 F ABQVE THE "REWET” TEMPERATURE, THUS, TWO-PHASE
FLOW SEHAV CR MAY HAVE VERY LITTLE EFFECT QM STRAIN AND BLOCKAEE.

o BECAUSE OF TWO-PHASE FLOW UNCERTAINTIES, AND HIGH RUPTURE
TEMPERATURES RELATIVE TO REWET, NRR BELIEVES RUPTURE EXPERIMENTS
[N STEAM ARE MOST APPROPRIATE.

e VENDORS HAVE PROPOSED SCVERAL MCDEL CHANGES TQ ACCCUNT FO
[MPROVED FLOW DIVERSION AND HEAT TRANSFER. THE MODELS AAVE
GENERALLY RECZIVED FAVORASLE REVIEW BY THE STAFF,



9-3-80
3-5-80

10-1-80

1-1-81

- - ﬂ'
;-L-3¢

12-30-82

SWELLING AND RUPTURE [SSU

DISCUSS WITH ACRS SUBCOMMITTEE
DISCUSS WITH ACRS FULL COMMITTEE

INFORM LICENSEES AND APPLICANTS THAT ECCS EVALUATION
MODELS MUST BE REVISED.

(A) REVISED ECCS EVALUATION MODELS SUBMITTED TO NRC
FOR REVIEW,

-~
N
i

(3) SAMPLE CALCULATIONS OF NSSS VENDOR'S WORST PLANTS

WORST BREAKS WITH REVISED ECCS EVALUATION MODELS

TO GIVE INTERIM ASSURANCE THAT ALL PLANTS WILL

MEET 10CFR 50.46 WITH REVISED ECCS EVALUATION MODELS

(A) ALL NRC REVIEWS OF ECCS EVALUATION MODELS
COMPLETED BY THIS DATE

(3) ALL ECCS CALCULATIONS PERFORMED AFTER NRC
APPROVALS TO BE DONE WITH REVISED MODELS.

ANALYSES WITH REVISED MODELS FOR ALL PLANTS MUST BE
ON FILE BY THIS DATE.



CLADDING SWELLING AND RUPTURE

-

FOR LOCA ANALYSIS

SEPTEMBER 3, 1380

PRESENTATION TO ACRS
BY

CORE PERFORMANCE 3RAN

UNITED STATES
NUCLZAR REGULATCRY CCMMISSICN
WASHINGTIN, 3. I 2853



I-\xTRODUCTI:‘A ' ' . ' ' L ' ' . ] ) ' ' ' l‘dl ‘/. U’CH“]STGP!
METHODOLOGY QF ECCS EVALUATION MODELS. . .G. M. LAUBEM
DISCUSSICN QF COMMENTS ON NUREG-CE3Q . ., .R. 0. MEYER

AN ALTERNATE FLOW BLOCKAGE MODEL ., . . . .

e S

IryIceT
' Ll ' :LKL—;;ME?

SCHEDULE FOR IMPLEMENTATION OF CHANGES . .

o

. N, LAUBEM



WERE IMPORTANT DATA SETS OVERLOCKED IN DERIVING
THE RUPTURE-TEMPERATURE CORRELATION?

WERE DATA SELECTIVELY USED TO PRODUCE LARGE STRAINS
[N THE BURST-STRAIN CORRELATION?

IS THE METHODOLOGY VAL:D FOR CONVERTING BURST
STRAINS INTQ FLOW BLOCKAGE?

S THERE A NEED TO REQUIRE CHANGES IN LICENSING
MODELS?

SHOULD SUCH CHANGES BE MADE NOW?
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BURST STRAIN %
|
X 0.56 SMALL SUNDLE BASED ON BUNOLE TESTS
X 0.46 LARGE BUNDLE
-
AVERAGE COPLANAR
RCD STRAIN
FROM FIG. 13 GEOMETRIC CONVERSION

ASSEMBLY BLOCKAGE = PWR CORRELATIONS

-

Fig. 10 Qutliine of flow Blockage model.
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NO JUSTIFICATION FOR MAJOR VARIATIONS FROM VENDGR
T0 VENDOR.

APPENDIX K REQUIRES THAT CLADDING MODELS NOT UNDER-
ESTIMATE BASED ON APPLICABLE EXPERIMENTAL DATA,

SUZH CHANGES PRODUCE HUNDREDS OF DEGREZS INCREASE
[N PCT--FAR IN EXCESS OF THE 20°F TOLERANCE OF
APPENDIX X,

/ S
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REASQNS FOR MAKING CHANGES NOW

WE HAVE LEARNED ENQUGH I[N THE PAST 5 YEARS TQ KNQW

THAT THE PRESENT VENDOR MODELS ARE NOT VERY GOOD.

[T WILL BE ANOTHER 5 YEARS BEFORE SUBSTANTIAL NEW
GAINS ARE MADE FROM RESEARCH.

ROUGH CALCULATIONS SHOULD NOT BE ACCEPTED AS A LONG-
TERM BASIS FOR ECCS ADEQUACY,

NEAR-TERM APPROVALS ARE ALREADY NEEDED FOR SEVEPAL
VENDOR MODELS [N THIS AREA.



COMMENTS ON NUREG-0630 MODELLING OF FLOW BLOCKAGE
IN FUEL BUNDLES

M. L. PICKLESIMER
FUEL BEHAVIOR RESEARCH BRANCH, RES

PRESENTATION TO THE ACRS SUBCOMMITTEE ON REACTOR FUELS
SEPTEMBER 3, 1980



COMMEWTS ON NURGE-0630 MODELLING OF FLOW BLOCKAGE

THE AVERAGE ROD STRAIN IH A CROSS-SECTION OF A BUNDLE CAN
BE USED TO CALCULATE THE PRESSURE DROPS MEASURED THERE IN

FLOW TESTS.

ll
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2. BURST STRAINS ARE NOT PHYSICALLY RELATED TO AVERAGE
RODS STRAINS NOR 10 THE LOSS OF FLOW AREA IH BUNDLES .
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Fig. 18 Engincering-stress/Englncering-stialn Fig 1y Englueciing-sticss/Enginccring-sualn
Curves for Zlcaloy-4 Spechinens De~ Curves tor Zlccaloy-4 Specimens De-
formed at 100, 0O, and 900°C. Neg fosmed at 1000, 1160, 1200, 1300, and
No. MsD-ol4wi 1400°C. Neg. No. MsD-61503.

From i UNIAY’ TERSTLE FHOPERTIES OF ZIRCALOY CONTAINING OXYGEN: SUMMARY HEFPORT"
AN 0(Juné 1997py A.M.Garde, H.M.Chung, and T.¢¥.Kassner
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From: UNIAXIAL TENSILE PROPERTIES OF ZIKCALOY CONTAINING OXYGEN:SUMMARY HEPORT
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*CTW 1V (35N 38 NV VIva aou T1NIS 4D SNOTIYIND V)

OV MO 0L TV TV ARG S Ny “vivd

154N oY J19NIS ML SV 34VHS ¥ G009 SV 1SVIT 1V NI S

VIVd NIVHIS TOVIAV G0Y T1ONIS  “SISIL Lsund J1VLEINS

NI 03401IAI0 YIVA NIVHLS (0¥ JOVIIAV WO¥4 3d0TIAI

90 L1 L31 NI “STI00W HOANIA INTLIANY NI SN 404 MON
AWSIIAVIST 30 1SMW JAUND 19V01E KO LOIVANYIS. 41 °h



S/

LANS ONY LOMW CINMO NOA SHNLVHAANAL LSO SNSHAA NITVILS ON ADVHAAY

—vn2 .Cb.\x‘w\. 158

® - % D m
L4
W]ulwlw_!‘.l.lLl-ﬂqm-414W4mmqq

S/59T +
SHorn
S S XK
daasd e . o das
+ B . s @
3 X
N B .
ALY BN - -
I/ .rlosol’." -.u b QN”’
,H\-%\ -‘\‘L“\“’ QQ%/,/ » LQMO
sbvaany 49 2nin) \/ = P
&.,‘\st..cmv 2913524 ~—e-d
oA




Sl

STRAIN PROFILES OF INDIVIDUAL RODS IN & X 4 BUNDLES SHOMW
BUDNLE CHARACTERISTICS CAN NOT BE CALCULATED FROM THE
STRAIN DATA FROM ANY ONE ROD IN THAI BUDNLE .
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6. A STATISTICAL APPROACH MUST BE DEVELOPED FOR £STIMATION OF FLOW BLOCKAGE 1IN
BUNDLES. THREE RECENT AHALYTICAL DEVELOPMENTS ARE APPLICABLE TO THE PROBLEM:

A. DEVELOPMENMT BY ERBACHER, ET.AL., (KFK) OF A CALCULATIONAL PROCEDURE FOR
DETERMINING TIME OF BURST AND THUS BURST STRAINS, USING CREEP EQUATION,
OXIDATION KINETIC EQUATION, BURST STRESS CORRELATION, WITH INPUT HEATING
RATE AND INITIAL PRESSURE. |

B. BALLOON-2 MODIFICATIONS BY HAGRMAN (c526) WILL ALLOW CALCULATION OF AXIAL
STRAIN PROFILE OF BALLOOHING ROD AT ANY TIME DURING TEMPERATURE RAMP,
USING STATISTICAL VARIATIONS OF PELLLy DIMENSTONS AND POWER, AXIAL,

AND AZIMUTHAL TEMPERATURE GRADIENTS.

C. DEVELOPMENT kY SENGPIEL AND BORGWALDT (KFK) OF PROBABILISTIC ANALYSIS OF
ROD STRAIN AND FLOW BLOCKAGE IN A KWU 15 X 15 BUNDLE USING RESPONSE
SURFACE METHODOLOGY AND STATISTICAL VARIATION OF ROD POWER, ROD GEOMETRY,
AZIMUTHAL TEMPERATURE GRADIENTS, NETGHBORING COLD RODS.
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creep equation

de/dt=Ac"exp(-Q/kT)

a = p R/s hoop stiess correlation

R=Rgy(1+€) definmtion of strain
R s=Rgsg conservation of sectional area
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p(t), T(t) known| —
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integration )
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oxidation kinetics

dOx/dt=c,/VU expl-c,/TNI+€
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/
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burst critenion
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t), alt), Ox (1t
€ (t) alt), Ox (1) 1 [bu:st stress correlation
——)

(Ox- Oxo) )

olt)=o0g4 - O @ exp( -bT) exp (--*
time of burst —— ]
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 burst data BT R AT TI
pressure lemperature stiess strain oxygen concentration
P s | on 1 €y Oxg
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9. SENGPIEL AND BORGWALDT (KFK) HAVE USED A PROBABILISTIC APPROACH, RESPONSE
SURFACE METHODOLOGY, STATISTICAL VARIATION OF PELLET POWER, STATISTICAL
VARIATION OF COLD NEIGHBOR RODS, AND SEVERAL THCRMAL-HYDRAULIC FACTORS,
TO CALCULATE FLOW BLOCKAGE IN A 15 X 15 KWU FUEL BUNDLE. THEY FOUND THAT:

A. THE MOST PROBABLE “BLOCKADE” OF NEIGHBORING COAXIAL BLOCKED SUBCHANNELS
HAVE LESS THAN 20 PERCENT FLOW AREA LEFT 1S A CLUSTER OF FOUR.

B. THE PROBABILITY OF A “BLOCKADE" FORMED OF A CLUSTER OF NINE SUBCHANNELS
(3 X 3 ARRAY OF CHANNELS) IS QUITE LOW.

C. A “BLOCKADE” OF 16 SUBCHANNELS (5 X 5 ARRAY OF RODS) 1S QUITE IMPROBABLE.

D. BALLOONING STRAINS CALCULATED RANGED UP TO AT LEAST 80 PERTENT, 79 OF
THE 205 FUEL RODS BALLOONED 20 PERCENT OR MORE, AND 60 SUBCHANNELS
HAD LESS THAN 20 PERCENT +1OW AREA REMAINING.

28
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33

FBRB HAS THE FOLLOWING SUGGESTIONS T0 MAKE CONCERNING LICENSING ACTIONS
INVOLVING FUEL ROD BALLOONING AND FLOW BLOCKAGE IN BUNDLES.

A. IF A FLOW BLOCKAGE AUDIT CURVE MUST BE ESTABLISHED AT THIS TIME, LET
IT BE BASED ON AVERAGE ROD STRAINS, NOT BURST STRAINS.

B. DEVELOPHENTS THAT SHOULD OCCUR IH THE COMING YEAR IN CODE ANALYSLS
OF BALLOONING AND FLOW BLOCKAGE IH FUEL BUNDLES SHOULD PROVIDE A
MUCH SOUNDER BASIS FOR AUD!TING FLOW BLOCKAGE CALCULATIONS BY VENDORS
THAN WILL BE AVAILABLE FROM THE USE OF NUREG-0630 CORRELATIONS.

C. PROPER COMBINATION AND MODIFICATIONS OF ERBACHER'S BURST CRITERION,
BALLOON-2 CODE, ORNL-MRBT AVERAGE STRAIN DATA, AND THE SENGPIEL/
BORGWALDT PROBABILISTIC APPROACH SHOULD PERMIT BEST ESTIMATE PRETEST
PREDICTIONS TG BE MADE FOR THE NRU TESTS, AS WELL AS THE LARGER BUNDLES
(15 X 15) TEST SCHEDULEN IN LOFT.

D. A COMPLETE AND VERIFIED CODE FOR BEST ESTIMATE CALCULATIONS OF
FLOW BLOCKAGE IN LARGE BUNDLES SHOULD BE AVATLABLE IN LESS THAN 5
YEARS, VERIFIED BY BOTH EX-PILE AND IN-PILE BUNDLE DATA,
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ISSUES (V. J, ESPOSTTO)

FEL ASPECTS @, L. BIRMAY)
- OVERVIEW OF TECNICAL [SSUES
- RESULTS OF ¥ REVIEw CF DATA

HEAT TRANSFER/FLOW BLOGAE (L. E. HOGHREITER
- (VEVIEY CF AVAILABLE DATA
- RECENT ALECHT-SEASET DATA

POTENTIAL INPACT OF MURES-E3 (R, A, MEYCH)
- PEXING FACTIR

CONCLLSTONS/RECCMYENDATICNS (v, J, SSPTSTTOD)



BURST TEMPERAT

- W TOESN‘T AGREE WITH THE \RC AEATLP RATE
DEPEDENCE (N BURST TEYPERATURE

BURST STRAIN
- [T IS IMPORTANT T LSE PROTTYPICAL DATA

BLOCCGE
- THE USE OF STATISTICALLY AVERAGED (NUT MAXIMUM)
STRAIN TO ARRIVE AT A FLOW BLOGAE [S APPRCPRIATE



IMPACT OF URES-063N 1SS

BURST TEMPERATURE: - DETERMINE THE INCIDENCE OF BURST

MIREG-0630 GIVES EARLIER BURST

- ORE ZR-20 REACTION
- HIGHER GAP CNDUCTANCE AFTER 3URST

BURST STRAIN: DETERMINE STRAIN AT THE BURST LOCATICN

NURES-0830 GIVES MOPE STRAIN WHICH LEADS TO
VORE SURFACE AREA AR ZR-120 REACTION

BLOCAGE: DETERMIMNE STEMM COOLING PEMALTY

NURES-080 GIVES MORE 2LOCAGE
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PROPOSE TO SHCW

WESTINGHOUSE SMALL 3REAK BURST TEMPERATURE MJLEL SHOWS
GOOD AGREEMENT WITH ORNL AND OQTHER CATA: THEREFORE, N
NEZD FOR NEW CORRELATION.

WESTINGHOUSE 3URST STRAIN DATA AND CORRELATION SHOW
GOOD AGREEMENT WITH ORNL MRBT INCIVICUAL R00 3URST STRAINS.
OIFFERENCE BETWEEN NRC AND WESTINGHQOUSE MOCELS IS USE O
MAXIMUM VS, AVERAGE STRAINS.

REASON FOR VARIABILITY IN STRAIN IS DUE TO TEMPERATURE
NON=-UNIFORMITY,

EVYIDENCE FOR TEMPERATURE NON-UNIFORMITY IN-PILZ.

FRG IN-PILE TESTS SHOW 3URST SEHAVIOR SIMILAR TO QUT-QF-

PILE TESTS.
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BURST TEMPERATURE



BURST TEMPERATURE (C)
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CONCLUSION

WHEN RAMP RATE EFFECTS ARE PROPERLY ACCOUNTED ~OR, WESTINGHOQUSE
SMALL BREAK 3URST TEMPERATURE MOCEL IS IN REASCNABLZ AGREZMENT
WITH CRNL CATA, FRENCH ZDGAR DATA, AND FRG RE3EXA DATA.
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True Hoop Stress
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WESTINGHOUSE MODELS ARE IN GOOD AGREEZMENT WITH CRNL
AND OTHER DATA AND NEW MODELS ARE NOT JUSTIFIEZ.

D)



QIFFERENCES BETWEEN NRC & WESTINGHOUSE POSITICNS

NRC NOW CLAIMS THAT UPPER LIMIT STRAINS SHOULD 3E USED FOR
80TH BURST STRAIN CALCULATICN AND SLOCKAGE OETERMINATION

WESTINGHOUSE USES 3EST ESSTIMATE STRAINS (NRC APPROVED
THIS USAGE IN APPROVAL OF THE QVERALL MOCEL)

SEST ESTIMATE STRAINS ARE CLEZARLY APPLICASLE IN BLOCKAGE
CALCULATICNS SINCZ BLOCKAGE RESULTS FROM COMBINED AFFECTS
QF MANY RQCS.

BEST ESTIMATE STRAIN IS JUSTIFIED IN BURST STRAIN CALCULATIONS
SINCE IT IS HIGALY UNLIKELY THAT MAXIMUM STRAIN wOULD CCCUR
IN THE HOTTEST RCD (CONVOLUTION IS JUSTIFIED)
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THERMAL-HYDRAULIC ASPECTS OF FLOW 3LOCKAGE

HEAT TRANSFER MECHANISMS DURING REFLOM WITH FLOW 3LOCKAGE
REVIEN OF DATA ON FLOW BLOCKAGE HEAT TRANSF=R
CONCUSIONS



HEAT TRANSFER MECHANISMS DURING REFLOCD WITH FLOW ZLOCKAGE

FLECHT TESTS INDICATE TRAT THE FLOW [S TWC-PHASE SVEN AT FLOCDING

RATES OF (.4/SEC CONTRARY TO APP K

RADIATION HEAT TRANSFER CAN ACCCUING FOR 4R COF TUTAL HEAT TRANSFER

COMPETING HEAT TRANSFER SFFECTS CAN OCCIR WITH FLOW 3LOCKAGE

& FLON 3YPASS N INCREASE LOCAL FLUID TEMPERATURES IN THE 3LOCKAGE
RESION (HuT. FENALTY)

¢ DRCPLETS CAN. BECOME ATOMIZED 3Y THE 3LOCKAGE CR DUE TO FLOW
ACTELSRATION RESULTING IN IMPROVED DRCPLET/STEAM HEAT TRANSFRR
DESUPERHEAT THE STE 4 (ING, TW=TV), IMPRCVED TROPLET RADIATION H.T.

& FLON BLOCKAGE WILL INTRCDUCE ACDITIONAL MIXING AND TURBULENCE INTO
THE FLON, WILL REQUIRE RE~SSTABLISHMENT OF NEW SCUNDARY LAYERS
DONNSTREAM, FLOW SEPARATION, CRCSS-FLOW MIXING, ALL CF WHICH CAN
LOCALLY IMPROVE THE RCD HEAT TRANSFR

LOCAL FLON TLOCKAGE HEAT TRANSFER =F=Cis AND lOw 3YPASS CCUNTER-
ACT SACH OTHER., APP K MAXIMIZES THE HEAT TRANSF=R PRNALTY AR
BLOCKAGE.



REVIEN OF FLOW BLOCKAGE ~EAT TRANSFZR DATA AND PROGRAMS

¢ RIGINAL FLEHT /

~ FORCED FLOW, PLATE 3LOCKAGE (CoPLANAR)

- 3LocE 16 =eps 100R, SAW IMPROVED HEAT TRANSFER RELATIVE TR

UNBLOCED
= TESTS WITH 3Y PASS ALSC SHOWED HEAT TRANSF=R [MPROVEMENT

— TESTS WERE QQUTTCIZED 3ECAUSE
¢ PLATE BLOCKAGE GEQMETRY
¢ FCRCD FLOW

® INSUFFICIENT DATA L=3S THAN 1'/sec

\\)3



KW BWR PARALLEL SUNDLE TESTS

FORCED FLOW, PLATE 3LOCKAGE (COPLANAR)
BLOCKE) 7% UNOLE % AND 702 (LocalLy 8520, OTHRR 3UNDLE
WAS UNBLOCKED

3LOCKED. 3UNDLE DATA SHOWED LOWER AT RISE GETTR 1) THAN
UNBLOCKED. TESTS FOR ALL CASES
LOCKED 3UNDLE QUENCH TIMES WERE LONGER

et —— — o —
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sompaziscz o2 %he zeatizg-up ranges of all zmeasuTizg |
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llus. 49: compariscn of the hesting-up anges of all neasurizg lavels
9f keatizg o2d 3 1 Zor three {lcod experiments with

varying degree 0f blockage
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® K F=BA TESTS

~ FORCED FLOW, PLATE AD/CR COPLANAR SLEEVE BLOCKAGE
- Ix5 TESTS SHOWED SLEEVES GIVE LOWES HEAT TRANSFER IMPROVEMENT
(OVER. INBLOCXED) THAN PLATE

- -

- 56 TESTS WITH 3G TRNER aLocEn AT sHows:

¢ IMPROVED HEAT TRANSFER RELATIVE TQ UNBLOCKED THROUGH TLRN
ARCUND TTME
STEAM DESUPERHEATING FOR 3LOCKED TESTS
& LOWER PCT'S FOR BLOCKAGE - .
¢ LONGER WENCH TIMES FOR BLOCKED

7
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4/NRC/EPR] FLECHT=SEASET FLOW 3LOCKAGE PROGRAM

-~  PROGRAM HAS BEEN SFECIFICALLY STRUCTURED 3Y ALL PARTIES TU
ACDRESS APP. K STEAM COCLING=FLOW 3LOCKAGE 3Y PROVIDING APPRC—
PRIATE DATA AND ANALYSIS

-~  DIFFERENT 3LOCKAGE SHAPES CHARACTERISTIC F X -3LRST (LONG NON—
CONCENTRIC) AND a-suas'r (SHCRT CONCENTRIC) WILL 3E TESTED

~  30TH COPLANAR AND NON-CSPULANAR BLOCKAGE DISTRIBUTIONS WILL
3E TESTED

- A UReE CEI-S0D) 3UNDLE WITH AMPLE FLOW SYPASS WILL ALSO BE
TESTED.

’



A.

Z1-2CD 3UNDLE PROGRAM WILL TEST:

UNBLOCIED REFERENCE

3 RODS 3LOCKED COPLANAR, 5%, SHORT CONCENTRIC SLE=VE

21 RCDS 3LCKED COPLANAR, 2%, SHORT CONCENTRIC SL==VE

71 RCDS ELOCKED NON COPLANAR . SHORT CONCENTRIC SLEEVE

ZL RODS 3LOCKED NON-COPLANAR .. LONG NON=CONCENTRIC SLEEVE

THE WCRST SHAPE, NCN-COPLANAR,. MCRE STRAIN

- o

TO 3E DETEMINED

161D 3UNDLE WILL BLOCK TWO 21-RCD BUNDLE [SLAND WITH WORST

SHAPE DETERMINED FRCM Z1-CD 3UNDLE.
PERFORMED,

TWO TEST SERIES WILL 2E
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=L seT-SEASET 21 RCD SUNDLE COMPARISONS COF 3UNDLE 1(A) UNBLCKED
REFERENCE A0 OLE 2(B), CENTER 33 3L0CKED B8 WITH SHCRT
CONCENTRIC SLEEVES,
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CONCLUS ION

- -~ am - -~ A AACTUMENT ,.q‘-H
WESTINGHOUSE MODELS ARE IN GOCD AGREZMENT Al

WSTIFTED

JRNL

AND OTHER DATA AND NEW MOCELS ARE NOT JUSTIFIZO.

oy



DIFFERENCES BETWEZN NRC & WESTINGHCUSE POSITICNS

NRC NOW CLAIMS THAT UPPER LIMIT STRAINS SHCULD BE USED FOR
B80TH BURST STRAIN CALCULATION AND BLOCKAGE JETERMINATION

WESTINGHOUSE USES BEST ESTIMATE STRAINS (NRC APPRCVED
THIS USAGE IN APPRQVAL CF THE OVERALL MOCEL)

BEST ESTIMATE STRAINS ARE CLEARLY APPLICASLE IN BLOCKAGE
CALCULATIONS SINCZ BLOCKAGE RESULTS FROM COMBINED AFFZCTS
QF MANY ROCS.

BEST ESTIMATE STRAIN IS .US?I'I:D IN BURST STRAIN CALCULATICONS
SINCE IT IS HIGHLY UNLIKELY THAT MAXIMUM STRAIN 4WQULD CCCU!
IN THE HOTTEST RCD (CONVOLUTION IS JUSTIFIZD)

)
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./)
THERMAL-HYDRAULIC ASPECTS OF FLOW 3LOCKAGE
- HEAT TRANSFER MECHANISMS DLRING REFLO WITH FLON ZLOCKAGE

. REVIEN OF DATA ON FLOW BLOCKAGE HEAT TRANSFR
- CONCLUSIONS



HEAT TRANSFER MECHANISMS DURING REFLOCD WITH FLON SLOCKAGE

FLECHT TESTS INDICATE THAT THE FLOW [S TWO-PHASE ZVEN AT FLOCDING

RATES oF (.47/32C CONTRARY TO APP K

RADIATION HEAT TRANSFER CAN ACCOUNE oR  40R CF TOTAL HEAT TRANSFER

COMPETING HEAT TRANSFER SFFECTS CAN OCCLR WITH FLOW BLOCKAGE

& FLON BYPASS CAN INCREASE LOCAL FLUID TEMPSRATURES [N THE BLOCKAGE
RESION (H.T, PENALTY)

¢ DRCPLETS CAN SECOME ATOMIZED 3Y THE 3LOCKAGE (R DUE TO FLOW
ACCELZRATION RESULTING IN IMPROVED DRCPLET/STEAM HEAT TRANSFR
DESUPERHEAT THE STEMM (ING, TW-TV), IMPROVED TRCPLET RADIATION H.T,

& FLON 2LOCKAGE WILL INTRCDUCE ADDITIONAL MIXING AND TURBULENCE INTO
THE 7LON, WILL RESUIRE RE-SSTABLISHVENT OF NEW SCUNDARY LAYERS
DONNSTREAM, FLOW SEPARATION, CROSS-FLOW MIXING, ALL OF WHICH CAN
LOCALLY IMPROVE THE RCD HEAT TRANSFRR

LOCAL. FLON 3LOCKAGE HEAT TRANSFER TFr=Cis AND FLOW 3YPASS CCWNTE=R-
ACT SACH OTHER., APP K MAXIMIZES THE HEAT TRANSFIR PENALTY PR
BLOCKAGE.



REVIEN OF FLOW BLOCKAGE HEAT TRANSFER DATA AND PROGRAMS
| /
¢ RIGINAL FLEHT

- FORCED FLOW, PLATE 3LOCKAGE (COPLANAR)
- 3Locked 16 =ops 100%, SAW IMPROVED =EAT TRANSFER RELATIVE TO
INBLOC:ED

= TESTS WITH 3Y PASS ALSO SHOWED HEAT TRANSFER IMPROVEMENT

= TESTS WERE QUITICIZED SECAUSE
¢ PLATE . OCKAGE GEQVETRY
¢ FORCD FLOW

® INSUFFICIENT DATA L=5S THAN 1'/sec

\\) S



KU BWR PARALLZL BUNDLE TESTS

- FORCSD FLOW, PLATE 3LOCKAGE (COPLANAR)
- BLckE 7 o T Aan TR (Localy &82), OTHRR ANDLE
WAS UNBLOCKED

-~  BLOCKED. SUNDLES DATA SHOWED LOWER AT RISE GETTR d) ™THN
WBLOCKED TESTS R ALL CASES
- HOCKE BUNDLE QENCH TIMES WERE LONGER

——— s . ——
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Dlus. 49: compariscn of the heating-up -anges of all zeasurizg levels
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92 heatizg =od 3 1 2o Shree flocd awmerimenss with
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® X F=3A TESTS

~ FORCED FLOW, PLATE ADY/OR COPLANAR SLEEVE BLOCKAGE
- Ix5 TESTS SHOWED SLESVES GIVE LOWER HEAT TRANSFEZR IMPROVEMENT
(OVER. UNBLOCKED) THAN PLATE

- 56 TESTS WITH 33 CoRNER 3LockED 0T oS

¢ IMPROVED HEAT TRANSFER RELATIVE TO UNBLOCKED THROUGH TURN
AROND TIME
@ STEAM DESLPSRMEATING FOR 3LOCKED TESTS
LOWER PCT’S FOR BLOCKAGE 4 -
¢ LONGER WENGH TIMES FOR BLOCKED




it
i

W om o s ose gg

AlE —-




e

-2 Seriiey

0 Pt of Be Brfle wnn
) e s e e e m I 1 ! bl it o e
| ol W hoge e "
:_._.._ ?uﬁ”:..s. k O —
A Steeve Bottom End ~ooooll
. - | 4 000004 |
i | ]
R } 1 —.—: r}- _ M ut—
” |
; Wit I L JOOwm .x.t:m?ﬁ..s. 0f
R
|

. :-!..*

Bt Mol Leteen Babed ! webincied

IR | Aprey of the 90 1 Mloachage achioved i
Noover

et

1 bt |

r Sleeve Top End .L ~. . »t i ._
1 it _“ S >
i - s
Ll

—

e

—
=
——
==
X
=
}
— -

i L
il _ |
i ‘ o e
I | il LB BB BB
| M il v @ £ 0B
I | I __ i Lﬂ L e il W 8 o2 p ik
Hildl 1 .ﬁ

.:
@
0.



W/NRC/EPR] FLECHT=SEASET FLOW BLOCKAGE PRCGRAM

=~  PROGRAM HAS 3EEN SPECIFICALLY STRUCTURED 3Y ALL PARTIES TO
ACDRESS APP, K STEAM COCLING=FLOW 3LOCKAGE 3Y PROVIDING APPRC—
PRIATE CATA AND ANALYSIS

-  DIFFSRENT SLOCKAGE SHAPES CHARACTERISTIC OF X -SURST (LONG NON—
CONCENTRIC) AND a-suasr (SHORT CONCENTRIC) WILL 3E TESTED

-  EOTH COPLANAR AND NON-COPLANAR ELOCKAGE DISTRIBUTICONS #ILL
2E TESTED

- A LRee (EI-20D) ANDLE WITH AMPLS FLON 3YPASS WILL ALSO ZE
TESTED.

4
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(‘)

Z1-RCD BUNDLE PROGRAM WILL. TEST!

UNBLOCIED REFRENCE

3 RODS 3LOCKED COPLANAR, 02%, SHORT CONCENTRIC SLEEVE

21 R0DS 3LOCKED COPLANAR, 508, SHORT CONCENTRIC SL==VE

ZL RCDS 2LOCKED NON COPLANAR » SHORT CINCENTRIC SL=VE

ZL RCDS BLOCKED NON-CCPLANAR,. LONG NON=CONCENTRIC SLEEVE

L

THE WCRST SHAPE, ! 4+ MCRE. STRAIN

TO 3E DETEMINED

161-R0D 3UNDLE WILL BLOCK TWo 21-2CD BUNDLE [SLAND WITH WORST

SHAPE DETESMINED FROM Z1-RCD 3UNDLE.
SERFORMED,

TWO TEST SERIES WILL 2E
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FLErHT-SEASET 21 ACD BUNDLE SMPARISONS CoF 3UDLs 1(A) UNBLOCIED
REFERENCE AND 3UNDLE 2(B), CaNTER 33 3LoCKED B8 WITH SHORT
CONCENTRIC 3LEEVES,
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CONTINUING PROGRAMS ON FLOW 3LOCKAGE

SEmA TESTS WILL 3E COMPLSTED AT THE 20 oF 1881, 30TH 8 Ao SxI0

RCD SUNDLE TESTS WITH 3YPASS, CCPLANAR 3LOCKAGE

SLECHT-SEASET FLOW 3LOCKAGE PROGRAM WILL 3E COMPLATED AT THE 28 OF =

us/JAPaNSES/caaMaN /30 SLAB CCRE BLOCKAGE TESTS WILL 2E COMPLETED
N 183

v



CONCLUSIONS

BASED ON THE DATA REVIEWED AND CBTAINED TO DATE, [T APPEARS THAT
IN THE 3LOCKAGE ZONE!

= THE ATOMIZATICN, ORCPLET 3REAK-UP AND MIXING CF THE
ENTRAINED LIQUID IN THE FLOW, LOCALLY INCREASES THE HEAT TRANSFR
AND YCEE THAN OFF-SETS A FLOW REDISTRIBUTION PENALTY TLE TO
BLOCKAGE UP TO AND THROUGH TEMPERATURE TURN ARCUND

- LATER IN.TIME, AFTER TURN ARCUND, BLOCKAGE APPEARS AS A PRMALTY
3ECAUSE (PRELIMINARY) THE BLOCKAGE KESPS THE FLOW IN THE DIS-
PERSED FILM 30ILING PHASE, WHILS UNBLOCKED TESTS AFPEAR T &0
INTO A TRANSITION PHASE WITH IMPROVED FILM SOILING HEAT TRANSFER.
ALSO, UNBLOCKED TESTS QUENCH ZARLIER

- HEAT TRANSFER AT UPPER ZLEvATIONS (U0 FEST AND HIGHER FCR A COSINE
SHAPE) APPEAR TQ HAVE POCRER HEAT TRANSFER WITH 2LOCKAGE., [T IS
BELIEVED THAT THIS [S A RESULT CF ZVAPCRATING A LARGER FRACTICN
OF THE ENTRAINED DRCPS IN THE 3LCCKAGE RESION ~CR THE 3LICKED
TESTS RELATIVE TO THE UNBLOCIED SUNDLE.
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