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The results of o series of frusmentation exporin
involving up ta 20 %g of thermiticeally produced
ture melts and 23 K¢ of sodium are presented.
experiment where some centiceter site particles are obnerved,
the fragrent distributions scem to be in the ranve of pre-
vious data., Spuatisl distribution of the fragments in the
debris bed appears to be stratified. Ocanning electron
microyraphs of fregments indicate fragmentation to ue
occurring in the molten state for the more intense inter-
actions otserved. Interaction data obtained show qui
periods of 0.5 = 1.5 second between pressure pulses.
force impulse values per unit mass of melt seems to
the same range os previous experimenta.

INTRODUCTTON

Several accident sequences involve the contact beilween molten reactor
material end coolant. $he nature of the Tuel frazment debris resulting
from this contact strongly influerces the coolability of the debris and
the subsequent probabll ty of remelting as a threat to the contalnment
system. The current exzperimental program is designed to try to determine
the mode of fuel frasmentation and the characteristiecs of the resulting
debris, und to provide the initial condition ©r delris tel dryout
studies [l]. Related measurements ray also provide intfcrmation on possible
interactions that convert portions of the thermnl en. to mechanienl
cnergy.

The experiments exceuted to date and currently underway typlcally
utilize ~20 Kp each of sodium and high~temperature melt produced by metal-
lothernic renctions, Experimental fragmentation resulus jnvolving such
large quantities of material are currently limited and scaling effects are
not weil understood {2},
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LCRINTION LF

A scheratic of the aviaratus
periment ic shown in Figure 1.
mixture in e sillimenite crucit
relensed by a reltecut chuns
& time delay allewing the venting Of rmseol
is ronitored ty # Yy ray densitometry devica, a pyrometer nnd by photo-
Fraphy. The sociun—cerucible ass ists of an inner warnesium oxide
vessel 3boerm I.L. wnd W ocon dew ter thick bottom steinless steel
vessel. Tulular heater:s surrcunding the vessel are usad to heat the sodiuz.
There are trnermoccuples in ool mnd erbeddel in the bhottom of
the crucible. Fressure sehnurene zade through a2 side rort on the

ssel. Three force sransducers on the vessel bottom provide forcc
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Post-test examinntion of the fragments includes: bulk fragment size
enalycis, core sample study of detris bed structure, scanning electron
wicrograph study of the size, shape and corpositions of ragments and
fregment density measurements.

RE.

The test conditicns for the experiments to be discussed are summar-
jzed in Tatle 1. Two of the tests utilized a thermically produced iron/
AlpQ, (MM W/C) relt snd the other three used n stainless steel/U0y, %rlp
(70 3/0) corius like irelt,, Other variables were streum size (13 mm -~ 51
mm) and rodium temperature (250 C - 690 C).

Interaction Results
In pnone of the tests was a single coheront energetic cvent observed;

rather, the interactions were nl) characterized by a series of pressure
eventn oceurring throughout the time perioed correapondins tn the draining
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Some estimutes of the impulses lrowx the forze traeces n’ the trans-
ducer leocated on the bottom of the sodiun vestel were n
total of nine scpurate force pulses were ciserved.  The o s af cach
individurl impulse ranpes LR M3
experiment fror Arponne lational Lutoratery [4] used a 1.4 i of melt and
3.0 Kz of sodfum at 900 ¥ ({27 C), reported Tive pulse ranging from 0,45 -
see (0.1 Ibg-sec) to 13.6 N-sec (b, 4 Ibg-sec]. O a per unit mnss of melt
busis the bigeest impulses ure within approzicately 8 factor of two
(present experiment being hisher)}., The total sums of the imwulses per unit
mass of melt are elso within epprozimetely a ‘uctlor of two.
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Fragment Analysis

The fragrents I'rom cuch exreriment are clasalfied by size. Scanning
electron micrographs and chemical unalyses are made %o determine the strue-
ture and chemical composition of the fragments. Density measurements are
also made of the fragments using both lhelium pyenometry and water pyeno-
metry; these measurementy together with fragment veight fraction in the
bed give the void fraction of the debris bed,

Thus far the debris of FRAG 2 and FEAG b has been annlyzed by sieving
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n/alunnia melt.
b 2 M aprenrs to be
ntively mild and the fragments e phnse,
Jdrn frapgments have a Jagy outlnrw indicutlnr frag-
« FBAG 2 fragmenis sre¢ more smooth in appearance.
se with sprnerlodai or nearly s iodal inclusions

of the other phase, fragments give n vivid picture of molten
rnteripls being fragmented and intermixed. Tince frapgmentation occurred in
the molten state, pest-test examination of the particle size may not be
indicative of the sinc resmonsiltle for the interaction, Coalescence as
well as further fragmerntation obvicusly occurred as a resu’t cf interac-
tions. C.E.M. photographs of Tragisents from FRAG I are sho . in Figure 63
there nre both cingle und multi-phase particles and there nie large number
of fragments wiih internul voids. “The buli density of she fragments was
measuraed to be .9 gfem?, 4his value is lerss than the density of stainless
3tee] ns well es the oxides further confirming the existance of the inter-
nal volds,
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In the first four experiments (FRAG 1 - FRAG §) the !0 renction ves-
sel van alwuys cracked Lut there wac never any indleaticn o? damage due to
melt attack, Mowever, in FRAZ £, the crucible bottem showed cvidence of
melt attack, In o repion of approximately 1€ on ip diameter (zrucible
dimmeter ip 35 em the melt stream dinmeter is 5.1 em) the crucible bottom
showed depth of nttuck of up to 0,6 em.  Since Lhe surfuce of the nelt
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Debris ted Utructure

Core samy.les were maoge of the et
tiel distributicn of the fragments were ex ned,
shows that the spatirl particle size distritutlion is s'x'ix
lerpe perticles are re likely vo te found nenr the ot
figuration should precuce & rore coolable Led than 2o w
icle distribution. The depree of stratifjcu<ion appe.n: e
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Core sumples were sectioned into 1% na Su o)
veight of each secticn is meusured before and

to obtain the fregment t fr
from FHAG W and FRAG § wre shown in Figur» &
hes essentiully constant weight fruction.  The top nortice of Lhe leds show
4 gradual and smooth trapsition from this constant widdue v eanentially
zero welght Traction within n distence of sboul b0 stravifien—
tion is nost pronounced within the trur rerion, ~ urper portion

of the trensition wone cannot realiy be eonsud
bed", since the perticle coucentrution is in no way ~no
supporting porous structure. ‘the finer particles were
sion due to the convprtx:v wation.  U.inp the mensurad §
sity of 5.9 plem® for ¥PAC b, the void fracticn of the i
bed is calculated o Le Of
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LLASARY

Results of fragmentation cxperisents involving up o 20 &g of thermi-
tienlly produced high temperature melus and 23 K of sodlwn are presented.
Except for one experiment where same centinmeter slze particles are observed,
the fragnent distrivutions ceer Lo be in the repge of previous datn,  Spa-
tinl distribution of the fraugments in the debrla bed anpears to be stratie
fled. Ccagning clectron nicropruphs of ruyments inileste frarmentation teo
be accurring in the molten state for the more {ntense internctiops observed,
Interaction data obtained ahow qulescent periods of G.4% - 1,9 sccond
between pressure pulses., The force impulse values ver upit mans of melt
seems 1o be In the same range ag previcus cxperl{ments.
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FRAG 1 | FRAG 2 FRAG 4 FRAG 5 FRAG 6
STREAM SIZE 13 51 51 51 51
MM
MELT FE FE U02-ZRO | UO2-ZRO7 | UO,ZROp
(70%) {70%) (70%)
ALy03 AL703 STAINLESS | STAINLESS | STAINLESS
(44%) (44%) STEEL STEEL STEEL
MELT MASS 12 13 20 20 20
KG
SODIUM 23 23 23 23 23
KG
SODIUM 520 480 420 250 690
TEMPERATURE
°C
MAX, OBSERVED) 2 > 20 - 2 7
PRESSURE BAR
MECHANICAL NO YES NG NO NO
DAMAGE
TABLE I - RY (7 EXPERIMENTS

DTy
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