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Commente on the Poesidle Roles of Voletile Fiesion Products (Lesium) {n
CABR] Teste

A. H. Lumpkin®
Los Alamoe Mation.]! Laboretory
Los Alamos. New Mexioo 87545 U.S.A.

An inveatigerion of information within the CABR] program thet reletes to the possible roles cf
voletile fi1esion proc.cts (es represented g§7co|1umn vill be deecribed. This etudy wss partias._-
sot:veted by the observetion of locelized Ce concentsetion pesks in the exiel gaxzms scans of
pins pre-irredieted to ebout 55 burnup (B.U.) level. In order to evaluete potentiasl affects cf
BuCh concentretions. & re-examinstion of the exieting teet dete for the 1% B.U. pins was perfcrmec.
A comparison of CABR] hodoscope fuel motion resulte end the pre-CABK] 137¢s axisl concentreticr
profiles reveeled en epproximate epetiasl corraletion between the initiel pointe of fusl diepersa!l
eNd cellum Concehtration enhancements teeven of aight cases,.

INTRODUCTION

1, MRecently the CABR] progrem steff
oompleted the test metrices for the fresn UO
end low pre=-irradieted (1% burnaupd) mized OlidO
fuel piny and becgen preperetion for the

in fusl ejaction, end or d+ en incressed exte-:
(megnitude, time  of fuel motion. Since tne
CABR] nodoscope deate cer. provide input tc »l:
four points. test-by-iest oomperipone of
observed fiel motior evente erd the Cp-12"

H-periee teste ueing pine pre-irredieted to pre-CABRI exiel distribution as given ny tre
ebout e 5% burneup (B.U.) level. It wes gemrme-ecen Gate were performed. The gemma
snticipeted thet the increesed ‘ormetion of ecens were performed st Caderscne et the nct
fieelon p odusts and tneir net retention in tne cell laboretory (LECA) snd et tne CABP:

letter fusl would be vevere’ times higner tnen fecility (SES:. When possible tne CABR: dss
tnet of tne 11 B.U, oese (J-serie=). The mein were used to ocorroborete or extend tne

sepects o stud, were to be tne effects of ocomperieon.

burn.up 1n pin benidvior und:r Bimiler test 3. It s90uld be mentioned es beckground tna'
oonditione. 1In pertioular, the role of the poseibility nf voletile fieelon product
reteined fiesion gases wes to be evelusted. (VFP: effects on irrpdieted fuel benevior nes
However, initie. non-destructive examp end been ynder dieouesion (debete) for seve-e.
subsequeri destructive exsminstions revesled yeers '~, end Cs {8 ¢ representative of tna:
thet tne totel ratained fission geees in tne 51 oless. Sinoce Cs lies on the peek of the

B.U. fuel wes compareble to thet of tne 9 B, U. fxlslon yield curve snd ite beiling peint 1
fuel. .1"\0\).“ tnec voletile fiseion prieduct 680°C, it 18 in fact one of tne mopt lixkely VFF
seemed 0 2oele wiln tne incresse in burn-up. oontributors. More specificelly. tne potentis.
Ae s oconsequ~nce, th reletive rolee of of Cs» ralsted teet pin preseurizetions in
voletile fission produote (euch as Ceeiumd to recent SANDIA 1n-pile teets wee indiceted by
fideion gae sffeots should be megnificd. 1In observetions of Ce end Mo relesae in the
sddition there were obeerved looelized siiel vepor/ges cloude et tne time of fusl swelling,
Joncentrations of Cesium se indicated by the oleddirg rupture, end fuel bresk-up. Post tes'
s1is)l gemre-soan dets for Cs-137 (e.g. Fig. V) sxaminptione elsc ehowed e depletion of the Cs

end Ce-13u, Thppe oOnoentretione were ¢ fow
osnlimeters in s1in]l extent end often hed en
intensity two tn three tisee grester tnen tne

L ¥} - LN

mean solivity, ! ' o l I , .

2. In order tc evsluete potentiel effsote of - -
suoh oonoentrations in the 3% B.U. cess, » l !
re-sxminetion of the sristing low burneup pin : “
test dets wes performed. The spproeoch wee to ( !
dstermine whethsr there wee ¢ Cp exiel l ]
ooncentrstior. pettern and how it releted to ‘ ! ’\
observed phsromene for the 13 B.U. osees (0.g. Bl "I"’""'/h "l'O""' o
Fig. 2). Volsiile fiesion products mignt ‘o \
providc sn sdditjonsl pressure sourne for ine .L.,_j" D .L_‘) L ....r-d/ _
pin or pramote oladding failure by loosl gep ° ' SR T " - o ' °

preesures. sltered fuel tempersture profiles, AAL POB-TION 1em)

or some kind uf stteok (fuel mdjecenny effeot). 137 .
Suoh effects might manifestl themeslves in :‘:' 1in.(c' ) exlel gamms acens for trree 3
lowered pin failure thresholde (entnelpy-wise, L- P

b) unexpected fsilure locetione. o) inoreeses

D'STRIBUTION OF THIS DOCUMENT IS UNLIMITED {%



inventory in the fuel. It hod been suggested
in the psst that the ourrent CABR] ramp restes
were too fast for C» affects to be importent
relative to fission gns. This opinion was
partly supported by st eppes] to the random
distridbution of Ce~137 enhancementsd in LICA'e
test pin gamme scens snd the leok df on
{dentified corrslation with observed phanomens.

&, However, the suthor beliesves an
spprozimete spatial ocorrelation has been noted
in most of the ctesss, although a more detelled
study of fuel motion ie needsc. Practicelly
speeking this should bs done at » later time
when modeling and hodosoope signal-to-mass
oconversion procsdurss become more routine. 1In
addition. the issues of (nitiel Cs inventory.
Cs survivebility under irradiation, and
deplation of the inventory will be sddressed
vie the dats on hand. It ehould elso be noted
thet & detpiled diacussion of the oomplerx
phyeicel chemistry issues related to volstile
fission produce migrstion. oompound formetion,
relecee ratee, presprurizetion potentis), etc.
are beyond the eocope of this note. In fect,
much fundamenta. reseerch 8 ptill needed.
Howsver, the prospects ere good for taking
advantege of the lov figsion ges retsntion (n
Heseries pins to sseees fission product effects
reletive to l-peries pine as propoeed in the
fourth eection.

EXPERIMENTAL BACKGROUND

8. It 1e sppropriete to briefly eddress test
dete thst provide inpu* on fission gee (Xe) end
voletile fiesion product (Cs) inventory
depletion, transient rpleese, end oconoentretion
survivedbility, Theee ere addressed pertly
through specific 3sndie teet progrem results
and two reference teets of the CABRI l.eeries
metrix, Al ond El1,
Sendie test information

€. The fusl disruption tsst program st
SANDIA hes buen » useful source of dste beering
on the issuee of Xe angd Cs inventory depletion
end trensient releasse, In one perticuler
seriee electron microprobe snelyeie wes ussd to
sveluate the Xe snd Cs inventories sfter stsedy
stete (PNL 10=12) and trensisnt jrradisticen (FD
1,7 end FD 1,8). The PNL 10=12 pin (5. 43 B, U.)
wes measured to heve retained Xe and Ca of 0.4
and O.4 wt §, respectively, The FD 1.7 pin
(5,48 B,U,) reteainsd Xs snd Cs of 0.07 snd 0.35
wt §, respectively. MHowever, K the FD 1.8 pin
(4,79 B,U,) roteinsd the same smount of Xe but
reletively muoh lsss Ca. Talls 1 shows this ¢n
terms of deplsticn. The msssured Co relesse
(in wt §) wap about our times that of Xe in the
FD 1.8 test. Both transient irradietions
{nvolved an energy injeotion of }.5 kJ/g, but
ths FD 1.8 raap rats wao faster,

Tob } Xenor 2d Cotep lnioniom Depiiose i Sorde T FD 1 Tand FD | @

| b Renos Cawn Laerg: Inpried Aoy Rase
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SAn {ntegretion of slectron microprobe dete

7. Secondly. sn abaorption spectrometer
technique with a high epeed filn camaras wes
used to moniior trensient Cs relesse. The
PD 4.3 teet dats show Cs and M releases et the

“time of pin bresk-up. but the smount wes not

determined. Such » timing of the Cs relesese
indioates 8 partioipetion in the pin breek-up.
CABR] referunce tests

8. An {mportant open issue for the CABR:
tests involved the (s conoentration stebility
under nominal power . loss-of-flow (LOF) end o~
transient—over-power gsonditions (TOP). For the
I-seriss tests ncwinel power mesnt 850 W/om e
the peek power node for several minutes. In
the CABRI test matriu A-type tmsts are pure
TOP'e and the D-type tests involve @ LOF plus »
TOP szoept for Bll. @ pure LOF.

9. An important pert of the CABRI ocesiu
survivebility etory is revesled by the All tes:
einoce the pin did not feill. In effect. the
0.6 kJ/g energy injeoted during the TOP wes a
lead-in to the Al2 and Al tosta (mee next
section) end the edtehliphment n' the 1% B.U.
fusl pin fellure threshold,

10. From the gamme soans one =en deduce t™a:
most of the Ce oconocentrations survive e)
nomine]l power at about 550 W/em, b) ¢ 0.6 kJ/g
trensient energy injection. S0 A-type tes:
sveilability for Cs and B-type test
aveilebility up to B.O ere indiceted. One
would like to estsblish thet some Cs wes
relessed during this test, but it {e not cles-.
However, {f this result {e ooupled with the AZ:
end Al mxperimants. we opn eptedblieh ¢ window
in anergy derosition thrushold (0.6 - 1.3 kJ/¢"
when Ce distributione ere drestica’ly sltered.
Note the before snd after Ce-l137 profiles (n
Figs. 2 end 3, The mioroprobe dets on the
rediel profile also demonetreted thet eve~
efter the 0.6 kJ/g tcst, there wee about e "¢
Ce ratention of the totsl formstion, Ci. ves
etill in the fuel-including the melt reiion
(but possibly dspleted). Ce wes in the ‘ue!l
oledding gap. and Xe wes completely release’
frem the melt ragion.

The BIl cese

11, ™s Fil tset wee o pure LOF with the
scram about six eeconds sfter B,0, During the
test, the cledding melted from p lerge ux.e!
zone., end there were twe minor fuel relieees of
2 end Mg into the chennel st 4f snd 51 cm,
respectively. 1t {e interssting to report ths:
the broed Cs pesk ot 51 om in Fig. & 15 et the
asme location es the eerlier ond lerger fue!
sjection svent, The Ce-137 irnventory is egair
shown to be highly depleted in the fine: Lte'e
in Fig. «. Aleo, the Cy profile structure
{includes ¢ oluster of peeks on either tide of
the 2-em long intzrpellet gep st about 61 cr
BFC. The C» signele in the axisl gap sre
non-z¢ro (epprox. 15%) and may bs dus to C»
deposited on the cledding (e messure of the
effeot) and/or Cs gsmme-rsy smanstions fror the
sxposed eurfecee of the two pellets bounding
the gep. Thie latter contribution is probstly
smel]l since the 2r-95 profile showe such litile
signal in ths ger (the collimetion i evidently
goocd). 30 » large frection of the Cs 1e in the

fuel .




A, B. Luspkin

' 'I’
' - o,y -— oo ] ‘
P e ™ 7 dl et
Fig. 2. Cestur-137 axiel gemma ecens for two
13 B.L. pins
T e
, « ey |
! | S POBT-A
| — — POST-AI2 |
800 ' imueruRt ‘ 4
2 A
by R SEFORE y
. LA L ) "*.', “l't'*n ), 4‘ | " i
‘h‘ |.||l [Ny hl' ,._w_‘ '
(5] ' ! - 1
250— 4 ' afTER § —
8 T \
o]
P i | o
N L A1
. T~ - o~ AFTER ~
o S e J
8600 [ 1 Jo 7000 1200
AXIAL POSITION (cm)
Fig 3. Cepium~137 exis] gamuas scans for pre-

All, posc=All, end post All atetes

.no (13N T’
paeen
00— i ‘,° ey
| V’ o eLfONE ‘
K 3 ' n
.:no— ‘ “ N "‘v,. ' «}\‘ -

ro0H vﬂ' oA

ér L/ WL NATLIGE §
, 1
.M_J ----- » o -
ol —_——
oo 8100 €800 7100 1300

AXIAL POBITION (cm)

Fig. 4. Ceeium-1)? axial gsmms ecene for pre-

and post-Bll etretee

conpaa1sons of cs?Y Gawan SCANMS APD WODOSCAPE-
OBSERVED PHEWOMENA FOR 1% B.U. PINS (1-SEPiEc.

General Comments

17 The discussione in this section sre
soncerned principelly with the oomparison of
exial gmwme acen date of the l-seriss (RIGC-).
12 B.1'.) pina snd the transient hodoscope
date . The ocesium distridutions in the
pre=CABE] state are spproxinstely meesured by
the deteotion of the gammp rays enitted by the
Co=137 ond Ca=-134 rpdiosotopes. Since these
two isotopes edch heve different precuraeurs,
they can hove different distribution proflles
from sech other, or from the totsl. The fect
of oesium migration during the preirredietion
period from ¢ high temperature region to lowe-
tempe-etura regicns (exielly and redielly) is
1llustreted for Lhe axis)l cese ir Fig. 2 for
pin #34, ong of the l-peries eiblings., Tne
axin) profile of Cp 19 Quite differsnt from the
sxiel fluxr profile shown by the polid line.
Although trip particuler Cs profile exhibits
relatively pymrmetric migretion (eubject to
internretetion nf tne lerge fluctuetions i~ the
dets), many of the other proliles cen be
qualitetively charecterized (in tre suthor's
opinion) es heving ¢ genersl fletness fror BFI
to midplene, ooncentretion enhencementp in the
sxisl region from ebout #5.65 om BFC with
sdditionel welledefined peeks often elen
evident in this Zone., end 2 rapid decrcese
reletive to the nidplene velues from 65-7C cr
SFC. Thie Jetter ragicn seems to match the
flur profile. however.

13. 1f one proposes the hypothesis the: these
voletile fissior products (such as C») cen
oontribute to pin pressuristion or fissior
product stteck (weekening) of the cledding, "he
stenderd hodoscope fuel motion representstior
oen be oonp.uered es en appropriste source for
comparison (e.g. Fig. 5 for Bl2), The evidence
for cledding rupture or pir feilure is the
redistridbution of the fuel st thet locetior erc
8 sudden signel incresse. The fuel ejection
end fuel motion {n the chennel sleo cer be
tracked vie the hodoscope eignals. The initia:
point of fusl pin feilure often then b-comes
the "source”™ of the uveves of fuel motion in
spece and time. Potentiel information on the
magnitude, velocity. end time duretion cf fue!
movements oould be uselul to modeling/ideriify-
ing ¢ previcusly uncelculeted effect {in the
CABR] teete.

14. It should be remembered thet the
gemme-scon dete only show the pre-end
post-Cebri distributions of the Cs
radioisotopes and the hodoscope only detacts
the fiesioning fuel during the CABRY reector
operstions (elthough me time ssmples are
possible in the TOP). Thue. we dc not heve s
direct ooupling of observetions (much es the
SANDIA ebeorption epectroecopy messurements
during the trensient,

The Al2 and AlY Casee
IS For the Ug test, I will note the: the

fatlure st 230 ms after trigger wes unexpectec
(energy tnjection 0.9 kJ/g). and its mxiel
locetion was 46 « 3 om BFC, Post-test exems
indiceted the fuel shell wee intect except fror
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85.29 om BFC. The Cs-1%7 gemma scen showed
that there were cluste~s of concentration pesks
ot 2-8 o snd 60-03 om BFC and » reletively
broed peek/enhanocement oentered at 30 em BFC.
Tne latter s proximity to the feilure location
might sllow perticipation in the fuel ejection
o8 well as possible partial pressurizing of the
pin.

16. In the AIS teat. the pin wea reported to
have failed 82 ms after TOP trigger (energy
injected ~ 0,85 Kj/g) and st 85 < 3 om. The
Cs-137 concentration peesks sre evident in rig.
38t 2.88, ond 52 om BFC with » small cluster
of peaks # little higher than the last. The
peak at o8 c» 18 raletively nerrow (1 6 wm)
with an inteneity sbout 701 grester than the
meer value. This pre-test Cs peek position {s
suggest vely close (within the adbove quoted
errors) Lo the observed cladding rupture
locstion. Fig. 3 tlso shows ths post-Al2 C»
inventory is greeter then that of Al3.

The 812 cese

1°. O 2 test involved a TOP triggered
before boiling oneat so we enticipate ¢
mechsnicel cledding rupture which wes reported
ot 51 <, 5 on. BFZ and 75 ms after TOP
trigger . As aeen in Fig. 5, the adrupt
ohsnges in the hodoscope eignele are oonsistent
witn thip report. We enticipete the Cs-137
ooncentretion to b roughly the pre-CABRI estate
a3 shown in Fig. 6. The LEICA sampling
resolution limits the relative intensity
informstion. but well-defined peeks st 5. 57,
£8. 60 end 63 cm BFC pre evident., Agein witnin
the spetisl sesdurement error, tnere i85 ¢
oorrele:ion between & (e peex end the rupture
locetion f{gs well es the fuel motion “source-
locetioni. The second evert pbout 30 ms efter
rupture ap lsbelled in Fig. S thet osudes Tuel
to sove boih upwerd and back towerds tha
midplene {e in the as™e  1isl 2one ae the Cp
enhenoements.

The BI3, Plu, and BIS ceses
16. The B13, Piu, snd BIE tests involving

fuel swelling. » seocond dispersivs event. end
simultaneous fuel signel cnenges at three sxiel
locetions, respectively. will only bde sddreesed
in Tuble 2 due LO BpOCe oOcCnBtreints.
The Bl1€ caae

1. The initisl od>mperison between hodobcobe
observed phenomens anJ the Cs-117 sxisl gemma
scene wes performed on the last l-series test,
Bl16. In gadition to sn interest in tne two
simyltaneoue fallure points, there 8180 Bridted
8 oomplenentery CABRI gamme sodn which
exhibited ¢ well-defined ooncentraticn peek.
Figure 7 showe the hodosaope fusl aignel dete
se o func.ion of tiwe snd exial position. Two
ebrupt signal ohenges ,t ©) mp end st 82 end 58
e 2 om from the (BFC) heve been interpreted eb
o\ idenoe of fuel ejeotion inte the ouminel.
Although the LECA sosn date wore auggedtive of
an enhancement §n concentration of Cs in the
upper third of the fissile solumn, t-e
ocorrespond 'ng CABR] gamme scen in Fig. B
oLasrly shows s regich with POS enhencemen:
from 8%-6% cn BFC with sn obvious pesk et 49 om
BFC, Tnis peak's height 15 ebout two times the
sveroge value snd the pesk width 1e cily edout
e singls prllet height. It sppesre that we

£ - - m
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Fig- 6. Ceeium-13" exiel gamms ecsn
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have no spetisl ooi: cidence of wither rupture
locetion with t1lp peek, but it wes reportead
thet the fuel oclunn snifted eb uptly in this
region st tne pame time 65 the two ruptures
oocurrsd. Returning to Fig. 7. the eources o
fuel motion ss indiceted by tne origins of tne
errows on the plot, ocen be peen to be in
proximity to the Cs ennencement pp noted on the
vertioel arip.



Sie
\ -
3 L ;Eiiz'
) LT —
: ===
5 i Y T
.
f \; j;/ ot L
k] W\ ~—— ———
- ’
6 Y e
2 [ | —
. ) pates
g i:i: " —
2 | ===
x \ ' T
« B
i ; _omiy
\ R S
' ———t =
: e D et
T
I -
Trntm——— .
T n A B — ‘
40 B0 60 70 @O 100 180 20 e00
TIME (ms)
Fig 7. Standard CABR. hodoacope dets displav

for Bl¢

20. Teble 2 summerizes the resulte of the
I-series tests (RIG-1)., '™e teble includee the
type of test, fuel ejection locetion, pre-teet
Cs distribution, "3 depletion, end s
quelitetive essessment of ths spetiel
oorreletion. In seven out of the eijht tests
involving pin failure thare appears to be sn
spproximaie spatisl oorreletion betweer the (e
enhenoement end initiel fuel pin rupture
looe.ion gnd/or sources of fuel motion. It (.
noted that Al2 and BIl whioh both hed merginel
feiluree hrve only moderate Cs depletion,
Sinoce AlZ was s pure TOP end DIl wes e pire
LOF, «his oould de an interesting test of
modeling. Both the All. Al2. and Al? snd the
Bll, Bl3, and B1S sets ahow progressive (e
¢epletion with inoressed TOP energy injection.
T™e former involve purs TOP's end the lotte,
were LOF-TOP'e with the TOD triggersd 5-6
seoonds after coolant boiling onus. (B.0,).

PROPOSED TESTS OF FISSION PRODUCT EFFECTS
IN CAPR]

21. The previous section's compari_ors ere
coneistent with ths hypotheeis thet (s releted
pressure mey heve besn pressnt in the RIG-1
tests, by’ the prodbabilities sppeer tc be
highe~ for psrtioipsption in the fuel ejection
and ~otion then for triggering ths rupture.
THu observed depletion of the Ce invintory {»
quelitetively aimiler to that reported from the
SA”DIA tests”. In the sdsence of detailsd
information on the radial distridution of the

Cs'Y’
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Fig. B. Cesium—137 exial gemma ecsn for the

pre=316 stete

Cs. the involved chemical forms, intregrenuls-
versus intergranuler disposition. etc., the
magritude of the roles in CABRI are not wes!ly
determined. nmowever, it 1e suggested thet onr
osn utilize the RIG-3 (5% B, U.) end RIG-1 (1%
B.U.) tests to provide ¢ clesner in-pile tes:
of Cs significerce than previously enti~zipatel.

22. Due to the urexpectedly low fission gss
retention in the higher burneup RI1G-2 pins en?
the meesured 4-5 times lerger volztile fiss:ior
product {nvertory in RIG-3 then RIG-1. On¢ Sa:
e relstive magnificetion of the VFP (Cs)
potentiel ocontributions. Other investigetors
heve auggested thet the Cp-re’eted rressures
ere oomparelle to those of f%giion {3 in the
SANDIA tents (FDi. 2, FD.U.3) . It ‘s in-
wtructive to apply suzh sn hypothesis to the
CABRI tests with the AH3-Al1 cese o3 eon

sxemple.
Hypothesis: Ce=related p-eespures wire comps--
able to those of fission gases ' A13.

Implies: AH3 shoull) fail eerlier (enthelpy-
wise), st differcnt asxial location nd/or
exhibit different fuel moticn then expected
(more exteneive in megnitude or dure-ion the-
1f one ignoree Cp). BSeverel eseump iont ere
needed end the clesnness of the test of the
hypothesis will depend strongly on the limits
of velidity of these proposed essumptions
relsted to fission products. cledding end
enthelpy.

23, These sesumptione can generslly be
gun~crted, but it should be noted thet the
efiectivy gop oonductence with the open hot ger
fo- the AM) pin is 8 complicetion, It mey take
® series of odmperisons to resolve the ispue.
We can simplisticaliy =epresent the hypothes!s
vor fissinn ges end C» ooncentrations ss
leading to thres times the #ffective fission
product for AHY over A13. This might corres-
pond to s Osoreese in enthalpy threshold for
failurs of 100-200 J/g. It should be noted
that thy looslized Ce pesks in the RIGC-3 pin
(H-seriee) vould ceuse even higher preseures or
e looelined, apecific attack, For eaemple,
destryuctive examinetion of pin 82 (the pitling)



Tabie 2: Summary of Fauriea{1%D.U.) Tosts and Cs'™ Spatinl correinsion and dopletion

M m t i ‘ m h‘ "0 (11
Linear Power Ibmf' ™ TOP ndtuu Asial M?-:m mu he‘;
(W /cm) Bigl = fem BFC) fom BIC (intonsity)  Corvelation
an - - o - LY . et
Al «800 - [ 1] 823 {marginal) %88 (1.3) you medisen
failure
Al «@00 - 13 [T¥} 20(1.5)81{1.7) ye streng
62(1.0)
m w830 B.0.«0.0 - 4 5] (marginal) 83(1.3)80(1.8) yos medrum
feilure
| 1V «$20 1.0 )3 8122 A IMO()I 3)‘»“(’! .8) yo oorag
303 |
| 18] «$20 B.O.+5.1s 1.1 swelling €2-54 ®-37(1.3) yos streang '
84(2.3)
Bi «820 8.0.+1.0s 13 8222 8(2.0)09/:.20 »o swrer;
[ 1) «820 D.0.+5. 2.1 13-30,30-33 1(1.9),04(1.1)17(1.1) yes sireng
10 29(1.1).48(1.2)50(1.5)
an «420 BO.+2 0 19 3.: «-83(1.3).49(2.5) you sireng
E 3

* The Loss-of-Fiow (sliows the reduction law of Qs w Q.(1 « t/¢|~" with r « T seconds. Typnll) bonlm.m (B.O.) sccors 21-22
eaconde afler LOF initiation Initiation of TOP m given relative &5 LOF initiation or B.O  Bi) wes & pure LOF.
* The snerg injectad into the paak powser nade 190ms inio the transwnt is given Tor All, the time was 130me.
* The general axial distributen for an l-series pin A:'hﬂ Specific poinis are given in thi column auch aa loralismd axis!
concentrat:ons ‘#ith the relative intensity given in parant

Preliminary BH] results

st the axial loostion of the pronounced (s peak 25. In eddition to the AH3 test the BH) test

st spproximetely 10 om BFC, identified » was performed prior to ths euthor's depsrture

distinct ohange in the fuel appearance at two from Cederache. BH) did exhibit tempersture

8zimuthsl positions towerd the periphery of the oscillstions during the LOF. Also, hodoscope

fuel. A ceslum compoond is indiceted, but its signels implied » 2-3 em upward displacement of

effsct is not determined. the upper portion of the fiesile oolumn which

oreated ¢ gep 8t U5 om BFC. This gep ehifted

Preliminary AH3 results downwerd e3 olusters of pellets moved upwerd,
2L. A pummery of the preliminsry results for About seven sesoconds efter B.O. fuel pin bresk-

:h;IAHS teet oompared to Al3 can bs given as up wes Indiceted st U055 om BFC. The axisl
ollows:

) the AN3 feilure locstion wes higher, 54U cm

BFC versus 45 om BFC for Al3 as determined from Ce'd? "0

the hodosoope dete. —— PAE- AN

b) the first event in the coolant ohsnnel was S - POBY-AN2

more violent then in AlI3 es deduced from 200+ X -

pressure and flow rete changes. ! '8

¢) the fuel diepsreion from the 20-cm sxial

section around the failure point was fester i(n

A3 then in A13 ee determined from the g
hodoscope dete.

d) AN3 voided varlier at the 10-15 om BFC sxisl §

locetion then Al) a8 deterained firom the 100~ 3

hodosoope deta. Thie {e¢ o regicon of Ce pesk ‘ J |

(Fig. 1) snd fission gas oconoceniretion. w‘

e) T™he fractione)l depletion of the Ca in AM3 ' ‘
Tor

wes quelitstively aimiler se seen in the gamme 80—
scere (eese Fig. 3 ond Fig. 9), but of coures
AH3 hed 8 timee the initiel inventory. ’
£) The snthalpy in ARY st pin rupture time N
needs to be determined osrefully (the effective Ol et :
gop conduetenoe for AH3 ie the main oomplice- 260 eB0O €780 7000 r28C  7BOC
tion). Unexpected olad swelling during the AXIAL POSITION (em)

irredistion may be relsted to 143'e lowered
failure enthelpy.* Vig. 9. Cestun-137 axial gemms scan for the

pre-and post=-AN3 ptates

$0TT0OM
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extent of pin disruption and the C3s depletion
are both larger than in the Bll case. Further
analys.s 1s needed to elucidate these
differences.

SUMMARY AND CONCLUSIONS

26. Some of the results of this 1nitiel study
are 8s fo.lows:

1. For the 11 and 5% fuel the asxiel profile
of the C3-137 concentretion exhibits a
migration eway from the power ma-imum.
15 B.U. fuel this results {n s finel
distribution with e generel fletness from the
bottom of the fissile column (BFC) to midplane,
concentration enhencements in the exiel region
from about uU5=65 cm BFC with sdditions] well-
defined peeks often evident in this zone, and »
rapid decreasc relstive to the midplene values
from 65-75 cm BFC (this letter region seems to
match the flux profile, however). For the 5%
B.U. fuel the localized Cs peaks were generally
ouserved from 10-30 cm BFC.

2. An spproximate spatisl correlation was
noted between the pre-CABRI Cs-137 exial
concentrastions deduced from the gamma scans and
tt e hodoscope detected fuel motion sources for
the l-series tests, More specificelly:

a8) In the eight cases involving pin fallure
and fuel ejection. all except one have Cs-137
concentration enhancements ast/nesr the noint of
fa:lure.

b) ln all eight cases of pin failure, the
Cs=177 distribution after the test indicstes a
noti .le depletion in the Cs {nventory,
inc ding i{ntact fuel shell regions. Three
tests with trensient energy injections in the
pea< power node at 190 ms of 0.6, 1.0, and 1.3
kJ/g. respedtively, displasy the onset of
significent Cs depletion. The rate and timing
of Cs relesse are open {ssues.

3. In eddition, s direct comparison of event:
in a pure transient-over-power test snd s pure
loss=pf=flow test for “he 1% end 5% B.U. cases
indicated some differences in fuel motion that
should be exsmined in more detsil vie modeling
and destructive post-test exeminat'ons.

4, Other tests in the CABRI metrix should
extend our data bese for Cs-effect evaluetion.
Tests with an intermediste remp rete in the
H-seriea pins or with the newer aet of pins
with high fission gss retention should be
usefui.

27. Finally it {a noted that the magnitude of
volatile fimsion product (Ca) roles ere not
easily determined aince the CABRI progrem does
not monitor the Cs releesse during the fest
transients, the SANDIA experiments (et elower
remp retes) heve not quentified their trensient
obeervetions of Cs releeae. end dete'led
modeling end some fundamentel experimente heve
not yet been performed. However, the obeerved
surviveb.lity of Cs oconcentretions in Bll end
All, the incressed Ce relesee with increesing
energy injeotion (AIl, Al2. end Al3; BlY' BIl3,
end BIS), end the epproximete spetiel
correletion between pre-teet Ce enhencements
end fuel motion evente er> el)l oconsistent with
Cs involvement in these teste. The eotione of
fission ges end Cs megy be eynergietic et a
minimum, with the reletive importence depending

For the

on specific circumstences. It {s hoped that
this preliminery study will contribute to the
framework for further i{nvestigations. A wealth
of {nformetion will become available in *he
next few years which should clarify some of
these 1ssues.
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