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lnvonwry in ttw f-l. It W b’orl~osw
in the post th.ottho owront CABRI r-p rotcs
W- tw fmt for Q ●ffo&,s * h *rtmt
rolatlvc to fission cu. Ris opinion 98s
wrtly sup~rtod by m OPPOS1 to * rmdm
918trl Wtlon of CS-1J7●hmamonts in UCA’S
tODt pin gxa Ocmo WXd thC l~k ~f on

idmntlflod awrolotlon with obcorwd phona.mo.
4, Mnver, th~ ●uthor boliovos ●n

●ppronlmat~ spotlsl oorrolatlm ho- bon noted
in most of t~ eaBoB, ●lthough ● -e dotallod
study of f~l motion is noodot. WOctleally
•poskin~ this should M dom ●t m later timm
when medtling ●d hodosoopo sl~al-to-moss
amvcrsion procoduros bocac more routln~. In
hddition. thr lBOUOS of inltim] Cm lnvmtory,
Cs Survlvobi)ity under irrodiotla!. ●nd
dcplotion of the invmtory will bo ~drosscd
via ttm datb on hand. It should ●lm b~ noted
thmt ● dctoilod discussion of tlw amplcx
physical chemistry 10SIASrolatod to volstilc
fission produce mi#rotion, am~und fomation,
r~lcnoc rot*l, pr*sFurizotion potantisl, ●tc.
arc beyond th~ ●oopQ of this noto. In fact,
much fundmontsi rososrch is otlll x’wdtd.
tbucvar , tht proswcts ● ro ~ood for tokin~
sdvonta[c of the low fiosion s.s rotmtion in
H-sc-ics pins to asotns fission product effects
rclativ~ to ]-s~rios pins ●B pro~ncd in th~
fourth section.

EXPIRIHINTAL BACKGROUND
5. It 1s ●ppro~intc to brlcfly ●ddross test

data that provide inpu? an fission sos (Xc) ●nd

~olttilc fi~sion product (Cs) invmtory
d~plttion, tronsiont rolcmco, ●d aonogntration
survivoblllty, Th@t@ srr ●ddrcas~d portly

throu~h specific Sondim test pro~~om r~sults
●nd tm rtfcr~nao tomto of tho CABRI I-sorics
matrix, All md En,
Sandio test information

6. h9 fwl disruption test pro~rom at
SANDIA has bucn o utcful SOUTOQof data bcarlng
on the lBSUOB of Xc mg Ca lnvontory Ooplotlon
●d trmnsisnt rtlcaso, In onc particular
@trios tl@CtrOn ●lCrOPrOb4 ●mlylim W- ustd to

●vmluot~ tht X@and Cs invmtorics after ototdy
stott (Ml lbl?) ●nd trmol~nt Arrtiistlen (FD
l,? ond FD1.D). l%o Ml 10-l? pin (5.dS B.U.)
uat momsurod to hmvo rot?lncd Xc md O af 0.14
●nd 0.4 Wt S, r@swativQly. Rt ~Dli7pln
(5.MI B,U,) rotclnod X* md C~ of 0.07 ●d 0,~5
Ut s, r~spoctlv~ly. HOUOV*?. the PD 1.0 pln
(II,7g B,U.) rotalncd the cm. munt of X@ but

rolmtlvoly ●ush 1.ss Cs. Tak:c 1 thows this in
t~ms of doplctlm. h. •casur~d CA reltaoc
fin * 1) uos ●boUt our tlm@s that of Xt in the
FD1.8 t~st, Both trmslant irrodiatlons
involvsd ● ●norgy injoatlon of
tlw ?D 1.8 romp ratt woo fatter.

].5 kJ/’, but

WI 1- m4bIwmh*-0+Imb Ou4. lm*rOll*rDlb
,.- .—- —... . . . -—— —.__. _ _ _ __ _ ——

L -- .-..,. .--————–—- - .-.-’--

7. &omdly, m .bBOrPti~ ●mctrmQtGr
tOOhl@o ulth ● high B- film ~S wcs
- to mmitor tronsiont Cmroloosa. ThQ
?D -.3tootdote ~ d MM ~ rolosws ●t tht
timo of pin brook+p. but th ~t woo not
titomind . kah ● timi~ of tlm ~ rolo~s~
lndlaotom ● portiaipmtion in tho pin Weak-up,
CABRI rcforunco toot.

hi ●portont opon lBSW for thg CABR:

teats lnvolvmd the Co oonatntrotion otsbllity
-dcr ~inal pewr. loos-of-flow (lOf) ●d,o-
trmaiont+var-~wr ootiltiono (TW). For th?

X-sori.stoot.nminsl powr momt 555 U/am 0:
the ~mk ~wor nodt for scvcrml ●inutws. In
th~ CABRI toot mstriti A-typo tasts sro pure
TOP’S mnd tho ~ty~ toots involve ● LOF plus ●

TOP ●maopt for 911, ● pu’r~ LOF.
9. k impwtmt port of th~ CABRI aoslw

Wrvlvcbility Btory is rovoalad by the AI1 tcs:
●inoo tho pin did not foil. In .ff@ct, th?
0.6 kJ/g .ncrCy lnjoatod durin~ the TOP was ~
load-in to tho AI? ●nd AI~ toots (MC. ntxt
section) ●nd the ●stmhllshmont e.’ th~ 1$ B.u.
fuel pin fmllurc thrcohold,

10. Frm tho gmm oaans onc Ban dcduc~ the:

moot of th~ CS aonamtrstions survlvc s)
nalnml power ●t Dbout 550 U/am, b) ● 0.6 kJig
trmoi~nt onor~y injection. b A-ty~ tas:
●voilabjlity for C. ●nd B-typo test

svoi]sbllity Up ta B.O ●rc indlcotcd. me
would liko to ●otoblish that lmt C, wOS

roloao~d du=ln~ this test, but it is nOt cl..-.

Howvtr , If thio rssult 10 aoupl~d with tht A::
●nd AI~ nx~rimnts, w em ●stobltoh # windob
in oncr~y clccoaitlon thr~ohold (0.6 - 1,3 kJ’g’
w+?cn Co diotributlone ●rc drostlcclly a]t~ro~.
Noto the bafort ond sftor CS-137 profiles in
~ico. 2 ●nd 3. ~c mlaroprobo dots on the
rmdiml profile S1OO domonstrattd thot QVQ”
●ftcr tht 0.6 kJ/~ tcot, thcrt u.. ah’J! o 75%

Cs r~tontion of the tots] formotion, CL uos
still in tho fual-including th~ wlt rsqlon
(but peosibly doploted). Cl uss in the !UC!
aloddin~ cap, ●d Xc woo aomplstcly rcloasc?
frm tltommlt r~lion.

scrm aboJt OIH.@cando aft-r B.O. mrint th?
tasl , the Clodding wlt~d from o lmr~c ZX:O:
morm, ●d thcro uoro two minor futl rol~oots o:
2 ond d~ into tho ohmnol at 46 md 51 cm,
rompoctlvo)y. ]t 10 lnterostin~ to r~~rt the:

th~ brood Cs pook ot 51 am in ~ig. 4 10 ●t thr
● om locntion ● s tho ●orllcr ●d lmr~or fi~rl
●joctlon cvont, Tnt Crn-13? inv~ntory 11 ●co!-
shown to b. hl~hly doplottd in the fin.: Lt.!?
in FIs, 4, Aloo, the Co profilo structtiro
includoo ● aluotcr of peak. on ●lth~r eld? o!
the ?-am lon~ i~t?rpQl\@t snp ot ●bout 63 cr
BFC, h Co olgnolo In tlw ●X1OI sap o-t
non-icro (approm. 1>S) ●nd ●-y 8. duo to Co
doposltod on the cloddlng (D mcoourc of th?
●ffaat) snd/or Co ~mmb-roy ●monationo fror th?
●xwood surfacoo Of the tw poll~tsMundin[
tho ~ap, I%1O latter contribution 10 probohiy
MOII oinc~ tho Zr-95 profllc ohouo ouch ~ltilr
sl~nsl in tho ~op (the collimation i. vvld@nCIY
tood ) . So ● IOrgc froction of tho Co i. in the
fwl.

.. - -- — . . --- ---
●MI into~rstion o-tron microprobe d~ta
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Gmorol tints
-U. %0 discussion- in this soatlon ●re
moti Flneipslly ulth * aaptrlwn of
●Ilnl gma ●m dotD of ttw I-wriaD (RIG-I.
11 Boll.) pins mndt~ trmnsimt hedomow
datm . TFm oosim diltributims in the
~o<18fi] stat. ● ra ●pproximAtt]y -Murmd by
the dotootion of ttw ~-a rays omlttcd by the
CS-137 md CS-13Urtiioaotoms. Slnc* thcs~
t- lsoto~o ●mch havo dlfforont prccurtcurs.

they eon twv. diffcront distribution profiles
from Qsch othor. or from th total. ht fm:t

of ooslm nl~rstlon during thr p?Qlrrodiotio-

pwlc.d frm ● high t~pcraturc rcglon to low?-
tom~-atura rqlcns (axially ●nd rmdislly) is
illustrated for th~ ●xlal ease in Pig. 2 for
pin 034. one of the I-ocri@s siblings. Tnr
●xial pfofll~ of CS1S qultc Clifforent from the
uisl flux pro~ll~ shon by the solid lint.
Although t~ls pDrtiCUIOr Ct profile ●xhiblts
rolativaly s~ctric mi~rstion (subjtct to
intarprotstion of tnc lsr~c fluctuations in the
data), mmy of thr ottwr prorilcs cm bc
qualltstivoly ehnrnctcrlzcd (in tt,cauthor’s
opinion) ●s having ● Scncrnl flotnoss frm Br:
to midplonc, oonc~ntrstion onhnncomrnts in the
●l.] region frm mbout *5-65 om BFC bit+

●dditional ~11-defined pooks oft-n also
●vidmnt in th18 zone, ●d a ropld decr<>as?
ralatlv~ to tht RldplMQ values frm 65-’5 CF
BFC. mi~ lattw rqion mccms to match the

flux profilo, houQvtr.

13. If onc proposca the hypothcsia the: those
volst!lo floslor, pr~ucts (such as Cs) con
aontrlbut~ to pin Pressurixstion or fiss]oc
product attsck (woakonint) of the cloddlng, ?,hc
stmndsrd hodoscom fual motion r~prcsmtstior
am b. oonstcicrod DO ● .ppropriat@ bourct fo-
oomporison (Q.c. ?ig. 5 for B12). l’ho •~idw~ce
for clsddlng ruptur~ or pir falluro 1s the
rtdittrlbution of the fuel St thht locat ior ore

o sudd~n signal lncrcast. l%- fuel ojcctiol

●d fuel motion in tho chmnncl SIBO cnr b?
trsckcd via the hodoscow Ilgnols. The inlt!a:
point of fuel pin fmilur~ oft-n then b-cOmCS
the “sourct” of the usvos of futl motion jr
opmcQ snd tlmc. Potontial information on tht
ma[nitudt , valoclty, ●d tim~ duration cf fuc:
rnovmmtt ooultl bc LISQ?U1 to mod@lin~/idcr.:i:]-
Inc s ProvicuIIY uncalculrtrd effect in th@
CABRI tcst~.

14. It should b~ rommbcr~d that the

gmmh-ocan dnto only show tht pr~-md
post-Csbri distributions of the CS
rsdioisotopct snd th@ hodomcopc only dctTcts
the finnionin~ fuel during th~ CABR! rtac!or
optrttlons (oltho~h MO timr samplts ● rt
poDDlbl@ in the TOP). ~us, bm dc, not hovt D
dircat Ooupllns ef ebsorvationt (muoh ● n th?
SANDIA ●bmorption spcctrosoopy mcmsuremcnts

durins tho trcnsicnt,
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●t tht 8J181 looatlm of the pronounced Cs peak
●t approximately 210 om BFC, idm?tifi~d a
distinct ohangc in ths fwl 8pp4sranc@ ●t tuo

●zimuthnl positions t?ward the pwlphwy of the
fwl . A ooslun compomd is indicmted, but its
●ff@ct 18 not determined.

trcliminary AH3 rceults
7L . A summary of the preliminary results for
the AH3 test oompwed to A13 cbn b@ ~ivon ●s
follows :
.) the AH3 failur~ location w-s higher, 54 cm
BP: versus 45 em BFC for A13 ●s dctwmincd from
the hodoaoo~ d8t8.
b) th~ fir8t .v@nt in the ooolant ahsnncl was
●or~ violont thsn in A13 m dc~uood from
prmsuro ●d flow rote ehsn~~s.
c) th~ fwl dispwsion from ttt~ ?O-om●xis]
sectionoround th? failure point u-s fastsr in
AH3th@n in A13 as dotwminad from the
hodosoo~ dins.
d) AH3voidod Wrli@r ● the 1045 om B?CaIial
lomtion thsn A13 ●s dotoninod fI’om the
hodosoo~ dats. Y?IIs is s rogien of Cs p@ck
(?1s. 1) ●nd fissiongBD oonocntrstion.
●) Tho frsotionsl dcpl.tion oftho Cm in AH3
Mao qusli?mtivoly similar .s soon in tht g-n
sem (Dm Fit. 3 ●d Fist 9), but of oourst
AH3hod 5 tiwa the lnltid tnventory.
f) Tho onthalpy in AH3 ●t pin rupturo time
4b.4ds tO bO dotomiIWd Oorcfuliy(tho●ffocttvc
S-P oonduotanoo for AH3 is th~ ●oin aonplios-
tion). lho~pootod olad W@llins during th~
$rrodistionmay bo rolotod tc M3’a louorod
toiluro ●ntholPY.6

Prcliminory BH1 r~sults
75. In ●ddition to the AH3 test the BH1 test
was-performed prior to the ●~thorqa depa-tu-e
from Cad8r8chc. BH1 did cxhiblt t~mpwoturc
oscillations during th~ LOF. Also, hodoscope
Signsls implied 8 2-3 cm upuwa displacomcnt of
th~ uppw portion of the fissilt oolunn uhicb

or~atod ● gap ●t 45 cm BFC. This gap shifted
dow!wsrd os elustws of p@ll~ts movod upward.
About Seven scoonds @ftcr 8.0. fwl pin br@ak-
up u88 fndicatod ●t 40-55 om BFC. Y?m ●xial
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Ala. 9. C*S1U!P137 ●xial Bama scan for th~
pro-and pott-Ati3 ctatos
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extent of pin disrupttoc und the Cs depletion
are both larger than in the BI1 case. Further

●nalys.s Is neeclcd to ●lucidate these
differences.

SUMMARY AND CONCLUSIONS
26. %m. of the results of this initial study

are ●s follows:
1. For the 11 snd 5i fuel th@ ●xial profile

of the CM-137 concentration exhibits a
migration SUSY fr~ the power m#:imInn. For the
lZ B.U. fuel this roaulta in ● fin-l
d!stributlon with a genera] flatness from the

bottm, of the fissile colunn (BFC) to midplane,
concentration ●nhmnc~m~nts in the ●xial region
from about U5-65 cm BFC with tiditlonal well-
defined ptaks often ●violent {n this zone, cnd a
rspld dccreasc relative to tha midplane values
from 65--5 cm BFC (this lntter re~ion seems to
match the flux profile, however). For the 5%
B.U. fuel the localized Cs peaks were genernlly
observed from 10-30 cm BFC.

2. An approximate spatial correlation wa5

noted between the pre-CABRI CS-137 ●xial
cc,ncentrations deduced frcm the gmmma scans and
tle hodoscope detected fuel motion sources for
t~,e I-series tests. Wor* sp~cificmlly:

a) In the eight cases involving pin fsllure
and fuel ●jection, all except one have CS-137
concentration enhancunent~ ●t/near the ?oint of
fa:lu-e.

b) In all ●ight cases of pin failure, the
Cs-1’? distribution after the test indicates a
not(.le depiction in the Cs inventory,
inc ding inthct fuel shell regions, ~ree
tes~h with transient anergy injections in the
pes~ power node ●t 190 ms or 0.6, 1.0, and 1.3
kJ/g, rcspaotively, displsy the onset of
Jjgnificsnt Cs depletion. The rate and timing
of Cs ralecse are open issues.

3. In nddition, n direct comparison of ●vents
in a pur~ Lrsnalcnt-over-power test and a pure
loss-of-flow test for the IS and 51 B.U. csses
indicated some differences in fuel motion that
aholJld be exwnined in more detail I’ia modeling
and destructive post-test cxamlnat’.ons.

4. Other tests in the CABRI matrix should

●xtend our data bnse for Cs-effect evaluation,
Testt with an intermediate rhmp rate in the
H-series pins or with the ntwer act of pins
with high fission gas rttontlon should b.
useful .

?7 Finally it 1s noted thst the ma~nitude of
volstile fimsion product (Cs) roles mrt not
easily dotormlned ainc@ the CABRI progrom does
not monitor tht CD r~latso durin~ the fast
trtnsicntu, the SAIADIA cxp~rimcnts (-t nlowcr
rsmp rntca) havo not qusntlfimd thtlr trsnsl?nt
obaervmtions of CS rolasaa. and dota~lcd
mod~linf ●nd omc fundwmntol ●xperimcnts have

not yet baon performod. tiwev~r, thr obsarvod

survivmb.lity of CS oonaontrntlona in BI1 and
AI], the inor~ssad Cs roloa#o with increasing
tncrmy injoatlon (AI]. A12. mnd A13: BIT B13,
snd B15), and the Vproximatc sPatinl
corralstion bctwaan pro-tcmt C- onhanaemonts
and fuel motion ovcnts mr? all aonsisttnt with
cs involvement in thcso tests. The sotions or

fission 8.s snd Cm m-y bc ayncriistic St a
minimum, with the rclntlvo importance depending

on specific circumstances. It is hoped that

this preliminary study will contribute to the
framework for f~rther investigations. A wealth

of information will becune ●vailable in ‘he
next few years which should clariry scme of
these issues.
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