Sandia taboratcries

i ) Sl d-Pint Newm Vengs BTG

T2 2 3 47
April 19, 1579

T s, P isany
T

':-;;;),a cAANIH
R. W, Wright

Advancid Rascrour Roeasearch Branch
V. .8. NuiLluar Fegulatory Coirminsion
Mashingrton, D. C. 20555

L<or Hob;

Attached {3 our preliminary report on the Zhiren Mila Island
ceuvling {nvestigotion. Lat me know 4f you naad furthar details.,
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The wornt cave considered 14 one in which frag-

Ltured fuel relocates in tha ayaca bDotveen dntact fual

pvine with a void fraction of 0.3. Por thie case, the

caloculated spocific pewar reguirad to produce duyout

is sppreximataly a factor of 3 groatag then cuwrvent

TMI syocifijc powar. For the othac cunfiguraticnes,

sizes, apd void fractions consi{dared, &) targing to

dryout sre graiter, It is concludod that recaranehle

confidance miy ha placod in the potantial for cuooling

of the TMI debLiris, provided that tha awsvsptiona rade

ars reasonably waell satisfied.
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G April 11, Dupt., 4470 wan nukn-i Ly NIRI/ADSR to asniat 4n
the Threo HMiJe 10land prublcn by pecfocsing agalaelarnions ralaced
tu natural cilrculation cooling of tho 14T core. Gravifilcally,
celnulations of tha gpoarcaabilizy of covy dihvio a8 Chat might
sftuct the final conldcan of the care {and d-hvin) in Lha plannnd
natural convection m>la wara raquasted, J. B, Rivava {(£422) and
H. J. Liptlraki (4425) povformad tha caloulations ontlin:-d baiow.
The rainlta and rathods mare reviead by D. J. ¥Clankey (44190),
and J. P. Muir ($411) prior to trancvwicial of {ha xcanlis to
R. W. Wwuelght (APUR) on Apcil 13 and 16.

Pollcowing (nftial fact-gaiLhoesing on tha syeclficos of $ha TMQ
cuce de:afygn (aidod by 8. V. Anaclin-4312), tha indtial apoHcaach
a3 Lo astinate the rangse of votd fraciian £ whieh the sardia avyenys-
rant Of cora dobrie might produca (sce Tobla)l. Two sinsa of dubris
verea comniderad: undanaged fuoel pallets (9.4 xn dia X 02.8 =y long)
and fracturaed ‘fucl with an affantivae particleo sfuso of 2.5 sm, Coa-
Jultatioconn with L, 8. dalaon (551)) and R, A, Br1lach (2245) re~
gaiding tha forys of goverely oxidized afvcalloy <lodling raulead
in gntinates that the clad dabiuds wight Le prosont f¢n fraciveed
Piatalens of contimatar-atae, ox {n very ansll placelony of faw-
tveeran thiciinnss ard lataval Atconatons of a €7 -Laons k" !_"'"."-"3‘,"“-
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This dlagarity of size sativatns affecta tha astizated votd frac-
“tions and piinaasbiliting (n tha cade whara tha clad daliwrlas size
would be in the rangd which could effoctively €111 tho voide
betwaon fuel particles. Por much sraller clad particlos, the
particlas will proLably baccen disladjad and are ipaffactive in
reducling the potmonability. For much layger clad garticlas, the
fuel particle o132 will be the deternining factor in tha effacitive
Foctraability., The calculations reportad balow (Table) conatdar
only tha cases where the clad particloes are larger or araller than
the 8ize which would f£ill the vaids bat=man fuel particles.

The thaocmal effact of the eladding dabris mixad in with tha
fual debrie can ke aancusad by noting that {te poramanca {ncronges
the heilgnt of the fuel debris by a%onut 308, and that thae avarage
power por unit volume decraoasas scorcaurvoadingly. Thosa affocts
cancel in the fornmulae uned haerain £ tha clad dabris {8 wniformly
disyarnad with unchangod veld feaction, 00 the clad volwuza-fuel
volurs: ratio Jecus not appear explicitly {n the fommulaa givan
telcw.

For both tha‘!ntnﬂt pellata and tho fracturad fual, a raasqn-
ab]e lcwer bound on void fraction wae chocaen as 5.3, alchoongh 0.4
ia reoce probable. Thae corrouyonding parmaebilitiaa waxa cricu=-

_latod u3ling tha Kogany relntloruhipl (oan Fowiaulae) with an
“affosrive diecatar which, for €ha cylindrical pellate, was banod
on 6 dtvidad by tLhe apocific ouxface,t

Twe conflgucaiions of dnbicia in Lhad Ccovg vaca oannldezod.

Por copgervativeo nsoping ¢alevlagions, £ho entixcn 93,030 X of an
waa consiticed to be xubblataad wlihin tha ¢oce 2acrnal wiih the
fual mises as given abova., Alen, Bocauns the fracturvad fuel of

2.5 zn »la9 can fir oanily bLatwsen tha noveal plitech of fusl rods

in the unlamagad longthe of fual azcenbliaen, tlls configuration
wid alao studlod, Tha deamagrd cove fractlion was chosdn auoh that
it winctly €Ulla a)l dntapecd apaco In the undiaaged cova fraciion,
Basving of the foim of tha calemlations, tha actual condtiifon, in
wiich the eove 48 ¢coolod by uaidivociional fley fvan Lot to tap,
L4 nor conaidaced. Instavd, a =ych ova axvard eftusesiiaon, in
tehich tha lcwace cova lounlacy e (oarrzahle and adiabhotde, (g Che
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Lasis of thae cowling calculatians pecforrvad., <This fova of calcu-
lation therefore inclulos, by iaplication, the corditien &n which
a local blockage ®ay cause tha sain unidiractional flow to bypass
tre blocied ragion, loading to a aituation in which ccaling of the
local vlcockage reguiras the davaloyrant of a local cellulac flow
regiocwe,

The ¢ooling caleulation copunidecra the limfting oondition to
axiet whon local dryout (vagor blarketing of a local ragioan) cccury
Within the dobris. Thae values givan {n tha f£able arae baad on the
sivpleo twe-phase veraion of the Hordce -Nilaon fornulntiona uhiah

. has keon shiwn to be in reanonable agrauiunt with wateax aeaugzvinants
by {ndependent groupges. In this eqguation, crodit 1is not taken for
the hcat required to rafse the water to {ts boiling pnint. Aall
results are givon for (he *woret® case, whore tho systom is at
atrospharic proessure. Results at highoae praoasares will b rore
favorablo fOor natucal conling of the dabxris.

An additional caiculation was gacfour™d 0 acsans ¢ha singla-
phase typical Leagdaratiuve viegos which mi{ght oocur with tha arvurad
form of natural convection. Tiis is basad an ¢the tuaaelt-Fayleigh
nurder corralation given in thas collection of formnlae and givas
screr 1de:a of the margin which 48 raceassary to peeveant local boiling

. in tha deolris. :

Although a very consarvative approach han 'ccn artoenpred
Ltheoughout the analysdle, it chould a2 oM adngod that tho aiaple
foraulaa elesen cannot bo conaidcvad aa high procletion poadiceors,
Thireface, coutious applicarian roguicaa that falrly lacvge ervor
targine ha allottnd to the raosulis in ¢he teble.
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RESULTS

ek g-._._, = -l —— S — W W g A — - — --—-3---—---------———--—l--—-—--—-u-—'-—----—-n.- -t m e e c—
4 (m) .0112 .002% .002% .00233 .0C

K (a?) FtexieY 1 atwleT sanu? a3 sy

L (m) 1.78 1.75 2.04 1.70 1.84

‘ -30 0’0 .‘o .,n q“
‘-‘"/"K’ 2.. 2.' 242 2-. 112
g1 (M hg-00,) 4000 200 640 119 86

AT (K) 21 24 59 121 %

Notwae:

Case 1l: Fontire core (e rubbltaed {ntact pollets, with an ganuxad
void fraction of JUM.

Case 2: Entire cors {sa a dabLrie bed of fractured fuel peollets with an
average dlarater of 2.5 w2 (0.1 inoch). Ausused void fractias
i3 a consuivativa 30N,

Case 3: Lo as Cave 2, axcept voild fxaction s a novinal 406,

Cagu 4: Frectured fuel pellet dabrls falla Eatwveen intact pins uwntil
height of dabris equals haight of renaining pine. Void
freaction in debris fe 30%. The tnrm (1-¢) is dividad Ly the
feaction of fual in dabeis form to acucwnt for hoat from
Intact pine (within which coolant cannot flow).

Case 51 Swarce as Casc 4, oxcapt void fraction is 408,

ANOwlanl dhTay povec on April 13, 1979 was Py = 5.8 N/Xxg-vn,.
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Foimulae uved in obtaining raoults preasntaed Jn Table:

X dz c3

- . - ?0 .
6 ‘1::;, (392. 1)

. Sl | (raf. 2)

d ve(l » /bv7b‘ﬂ7 oo d:?!-tl :

PO E T, -
. “"‘E:Bt'""""’ (Pat. 2)

(l-c)tl-k /k i

S R o)
A
d = gffective pasticle diamnater (m)
9 = gravitarjonal nocelcraticn.(l/lzi
hrg = haat of vaporisation of warer (J/kg)
k, @ theriwl conductivity of water (1iquid) (N/nm-K)
5. = affoctive thewmal conductivity of dobcecig-vatex m{utura (W/mr-K)

5 = theimsal conductivity of oxide fuel (anlid) (W, u-°K)
L = bed dopth (m)

P = apocific gowsr of axida Cuel (W/kg)

v

e d spacific pivier of oxide fuel at bad Jdcyout (N/kg)
’

3

7

2 a

a, = thegmal diffusivity of water (m“/s) -9
8 = voluretric thecnsl expansivity (X~ 1) 3
3

c = voluro fraction of water in dabris bad (void frxaction) |
K = porzasbility of watar (m3) B
vy » kinematic viasconsity of water (Riquid) (n’/l) . :
v, = kinorzatic viwecosity of wartar (vapor) {a’/ll :
3

Pp ~ donnity of water (ky/m a

P ™ Genzity of cwida fial (ag(n!] i
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