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A. H. Lumprin

Comments on the Possible Roles of Volatile Fission Products (Lesium) in
CABR] Tests

A. H. Lumpkin®
Los Alsmos Nation.] laboratory
Los Alamos, New Mexico 87545 U.S.A.

An investigarion of information within the CABR] program that relates to the possiblas roles cf

volatile fission procicts (as represented g§7co|1um: vil]l be described.

sotivated by the observation of localized

This study was partia..-

Cs concentsatson peaks in the axial gamma scans of
pins pre-irradiated to about 5% burnup (B.L.) level.

In order to evaluate potentisl effects cof

such concentrations, ¢ re-examination of the existing test data for the 1% B.U. pins was perfcrmec.

A comparison of CABRI hodoscope fuel motion results and the pre-CABKl

s
137Cy axi1al concentraticr

profiles revealed an approximate spatial correlstion between the initial points of fuel dispersal
ANd Ccetllul CONCentration enhancements (seven of eight casas;.

INTRODUCTION

1, Recently the CABRI program staff
completed the test matrices for the fresn U0
and low pre-irradiatec (11 burn-up) mized oxidc
fuel piny and becgan preparation for the
Heperies tests using pins pre-irradisted to
sbout 8 5% burn=up (B.U.) level. It was
snticipated that the increased ‘ormption of
fission p oduc-ts and their net retention in tne
latter fuel would De .evera’ times higher tnar
that of the 11 B.U., case (Jeperie=). The main
sspects of stud, were to De the effects of
burn.up 1n pin behadvior undlr similer test
conditions. In particuler, the role of
retained fission gases was to be evaluated.
However, initip. non=destructive exams #nd
pubsequeri destructive expmingtions revealed
that the total reteined fission gases in the 51
B.U. fuel was comperable to that of the 'Y B, U.
fuel. althougn thnc volatile fiesion preduct
seemed 0 2CAle with thne 1ncrease in burn-up.
As » conpequance, th reletive roles of
volatile fisasion products (such s Cesiumd to
fiasion gas effects should be magnificd. In
addition thers were observed localized axia]
Jongentrations of Cesium as {ndicated by the
axial gamra-poan data for Cp-137 (e.g. Fig. M
and Ca-134, These conocentrations were 2 few
oenlimetlers in @aujr]l entent and often had an
intenaity two tn three times grester thanr the
mean aolivity.

2. In order tc eveluaste potentiel effects of
puch concentrations in the %1 B.U. casse. @
re-exmination of the existing low burneup pin
test dat. was performed., The spprosch was tn
determine whether there was & Cs axisl
ooncentratior. pattern and how 1t releted to
observed pheromens for the 18 B.U. canes (e.g.
Fig. 2). Volaxile fiasion products might
providc an additional pressure sourne for the
pin or praomote oladding failure by locel gep
pressures, altered fuvel temperature profiles,
or some kind uf sttesok (fuel mdjacenny effect).
Such effects might manifest thempelves in
lowered pin failure threshclds (enthalpy-wise,
b) unexpected fellure loostions, ¢) inarennes

in fuel ejection, and‘or d' an increased exte-:
(magnitude, time: o! fuel motion. Since tne
CABRI hodoscope deta car provide input tcC all
four points, test=by-iLest comparisons of
observed fuel motior events ard the C3-127
pre-CABR] aria)] distribution a3 given By tne
garma-8Can Gatd were performed. The gamma
scans were performed st Cadarache at the hct
cell lsborstory (LECA) ang et the CABPR:
facility (SES . When possible tne CABPR] data
were used to corrotorate or exteng the
comparison.

3. It s 0uld be mentioned #s beckgrournd tns:
the possidbility nf volatile fission product
(VFP: effects on irrpdiated fuel behavior nas

beer ynder discussion (debate) for seve-al
yeors ' and Cs 18 » representative of tnat
class. Since Cs lies on the peak of the

fllsloh yield curve and 1tp® boiling point 13
680°C, 1t 58 1n fact gne of the most likely VFF
contriputors. More specifically, tne potertias.
of Cs related test pin pressurizations in
recent SANDIA i{n-pile tests was indicated Dy
observations of Cs and Rb relesae In the
vapor/gas clouds at tne time of fuel swelling.
claddirg rupture, and fuel bresk=up. Post tes’
examingtions alsc showed a depletion of the C3

J

' ., !

: ! |
o Iu'vlm"mlh -cvloo"t- \
. ,.h.u_ R _,I'J -
h h lAIIAL .;O'l“;; (.-‘\:‘ ¢ v )

)
(Cl1 ) axfal gamma acanrp for trree Y
D.L. pins

D'STRIBUTION OF THIS DOCUMENT 1S UNLIMITED 5)46



inventory in the fuel. It hod been suggested
in the past thset the current CABR] ramp retes
were too fast for C3 effecs to be importent
relotive to fission gns. Thia opinion was
pertly supported by ah eppesl to the rendom
distridbution of Cs~137 enhsncements in LECA's
test pin gamma scans snd the lsok of on
identified correletion with observed pheanomens.

&, However, the suthor believes an
spproximste spatisl correlation has been noted
in most of the cases, although a more detalled
study of fue) motion is needec. Prectically
speaking this should be done at 9 later time
whern modeling ané hodoscope signal-to-mess
conversion procedures become more routine. In
addition, the ispues of initie] Cs inventory,
Cs survivebility under irradistion, and
depletion of the inventory will be addressed
via the dats on hand. It should also be noted
that a deteiled discusyion of the complex
physical chemistry 1ssues related to volatile
fission produce migretion, compound formation,
release rates, presnrurjization potentiasl, etc.
are beyond the scope of this note. In fact,
much fundamentsl research i3 ptill needed.
However, the prospects are good for taking
sdventage of the lov figsion ges retention in
H-3e-ies pins to essess fission product effects
relative to I-peries pins e proposed (n the
fourth section.

EXPERIMENTAL BACKGROUND

5., It 1» eppropriate to briefly sddress test
dats that provide input on fission ges (Xe) and
volatile fission product (Cs) inventory
depletion, transient release, and concentration
aurvivebility, These sre addressed portly
through specific Sandia test progrem results
end two reference tests of the CABRI l-series
matrix, Al1 end El11,
Sandis test {nformation

T. The fuel disruption test progrem at
SANDIA has buen # useful source of dats bearing
on the issues of Xe |h5 Cs inventory depletion
and transient relesse, In one particular
series electron microprobe analysis was used to
evaluate the Xe and (s inventories after steady
state (PNL 10-12) and trensient [rredisticn (FD
1.7 end FD 1.8). The PHL 10=12 pin (5. 43 B, U)
wad meapured to have retained Xe and Ca of 0.14
end 0.4 wt §, respectively. The FD 1.7 pin
(5.43 B.V.) retained Xe and Cs of 0.07 and 0.35
wt §, respectively. MHowever, che FD 1.8 pin
(4,78 B, V.) retained the sane smount of Xe but
relatively much less Cs. Talle ) phows this {n
termd of depletieon. The messured Cs releane
(4n wt §) was about our times that of Xe in the
FD 1.8 test. Both transient irradiations
{nvolved an energy injection of }.5 kJ/g, but
the FD 1.8 ranp rate wap faster,

Tob } Xenor 2d Coiem Invoniorm Depiiose i Sordes Toi FD ) Tand FD ) 8

| Lk Renor Cawn Laerg: Inpried  Raswy Rate
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SAn fntegratien of electron microprobe data

7. Secondly, sn sbaorption spectrometer
technique with g high speed filn camaras wes
used to monitor trensient Cs relesse. The
FD 4.3 test dots show Ca and M releases at the

“time of pin dreak-up. Dut the smount wes not

determined. Such s timing of the Cs release
indicetes » participation in the pin dreak-up.
CABR] referunce tests

8. An {mportant open issue for the CABMR:
tests involved the Cs concentretion stebility
under nominal power, loss-of-flow (LOF) and o-
trensient—over-power sonditions (TOP). For the
T=series tests neeinal power meant 850 W/om 8
the pesk power node for peveral minutes. In
the CABRI test matriu A-type tests ere pure
TOP's and the B-type tests involve a LOF plus »
TOP except for BIl, » pure LOF.

9. An importent part of the CABRI cesiu-
survivebility story is revealed by the All test
pince the pin did not feil. In effect, the
0.6 kJ/g energy injected during the TOP was a
lesd-in to the AI2 snd AI3 test> (mse next
section) snd the estahlishment n. the 1% B.LU.
fuel pin fallure threshold.

10. From the gamma scans one =an deduce that
wmost of the Cs concentrations survive »)
nominal power at sbout 550 W/em, b) 8 0.6 kJ/§
transient energy injection. So A-type tes:
svailabdility for Cs and B-type test
eveiletility up to B.C are indiceted. One
would like to estadlish that some Cs wos
released during this test, but 1t is not cles-.
However, 1f this result {s ocoupled with the AI:Z
ond AJY axperimants, we con estadblish a window
in anergy deposition threshold (0.6 - 1,3 kJ'g"
when Ca distributione sre drestica’ly sltered.
Note the before and after Cs-117 profiles in
Figs. 2 and 3., The microprobe dats on the
radial profile also demonstrated thet ever
ofter the 0.6 kJ/g tcst, there wes about a 7°%
Cs retention of the totsl formetion, CiL wes
stil]l {n the fuel-including the melt resion
(but posaibly depleted), Cs was in the ‘ue!l
cledding gap., end Xe was completely release’
frem the melt region.

The BI] case

11. ™e Bl test was a pure LOF with the
scram about siz seconds after B,O. During the
test, the cledding melted from a large ux.»l
gone, and there were twye minor fuel relisses of
2 and dg into the ghanne) at 4t pnd 5] cm,
respectively. It is intoresting to report the:
the broad C3 pesk ot 5] em in Fig. 4 15 at the
seme loceation as the esrlier and larger fue!
ejection event, The Ce-137 frventory i» agair~
shown to be highly depleted in the final Lta'e
tn Fig. «. Also, the Cy profile structure
ineludes 8 cluster of peaks on either tide of
the 2-em long intzrpellet gap at about 6 cr
BFC. The C» signals in the aziasl gap or¢
non-2¢ro (approx. 1%%) snd may be due to Cs
deposited on the cledding (s messure of the
effect) and/or Ca gemma-ray empnations fror the
exposed surfaces of the two pellets bounding
the gep. This latier contribution {s probat.y
saall since the Ir-95 profile shows such litlle
signal in the gar (the collimation ip e¢vidently
go0d). 30 o large fraction of the Cs 13 in the
fuel .




A. B. Luspkin

.?:‘..% l . -
S
\! ] d
4
‘l* sl' . -1
[ }I ]
' - o - [ o ] ‘
S i vt T ki oo e
Fig. 2. Cesiux-137 axial gsmma scans for two
12 B.U. pins
b a8 Ce'd’
| —— PAL-AID
! | -~ .- POBT-AI3
| — — POST-AI? |
800- ' musrung i _4
2 AN
) — BEFORE |
hn ' e, ||‘ 1y * ., ‘
‘ ' = " h 4‘-.&’
‘|||l \ !
(&) - ,
-y ¥ e Y-
' 9, ~ ‘ I \
o}
— ) | o
~ . AL
’ T~ ~ - - - 'AFTEA N J
N S "
0600 sac ¢ 1000 7200

AXIAL POSITION (cm)

Fig 3. Cesium~1)7 axial gamza scans for pre-
Al3, posc-Al3, and post All states
0 'y )
\ [} |
PRE - @ \
(ag) B J-1 3T i)
400 o 9° -
| y’ ) f(,t [TLX=1 ] . ‘
» ‘ "'.J'
300 ‘N " Wy . Y ' }\‘ —
ro0H vﬂ' | -
e e
wo—J """ . ’ M
ol o -]
[11-N] 700 0 0 AT N¢) 7300

AXIAL POBITION (cm)

Fig. 4.
and post-Bll states

Cesium-1)? axia]l gamms scans for pre-

cowpaarsons or cs?37 gawan Scaws avp woposcorr.
GBSERVED PHENOMENA FOR )8 B.U. PINS (I-SEPifc"

Geners) Comments

T 17 e discussions in this section sre
esoncerned principally with the ocomparison of
oxial gaswms scoen date of the l-peries (RIG.],
11 B.0,) pins and the transient hodoscope

data . The cesium gistridutions in the
pre-CABE] state are approximetely messured by
the detection of the gammp rays emitted dy the
Co~-137 end Ca-134 rpdiosotopes. 3ince these
two 1sotopes eoch have different precurseurs,
they can heve d:fferent distribution proflles
from each other, or from the total. The faczt
of cesiun migretion during the preirrediastion
period from a high temperature region to lowe-
temperatura regicns (sxially end redially) is
1llustrated for Lhe axia)l cose in Fig. 2 for
pin 434, one of the l-series siblings. Tne
sxisl profile of Cs 13 quite different from the
exial flux profile shown by the solid line.
Although tris particuler Cs profile exhibits
relatively pymrmetric migration (subject to
internretation nf tne large fluctustions in the
dats), many of the other profiles can be
qualitetively charscterized (in tre suthor's
opinion) es having s general flatness from BFC
to midplane, concentration enhancements {n the
sxisl region from about #5.65 cm BFC with
additions)l well-defined peaks often alsn
evident in this 20ne, and 2 repicd decrcase
relative to the nidplene values from 65.7C cr
BFC. This latter region seems to match the
flux profile, however.

13. If one proposes the hypothesis that these
voletile fissior products (such as Cs) cen
contribute to pin pressurizetion or fission
product attack (weakening) of the cledding, the
stardard hodoscope fuel motion representatior
can be cong .gered as an sppropriate source for
comparison (e.g. Fig. % for Bl2), The evidence
for cledding rupture or pir failure is the
redistribution of the fuel 8%t that locatior ant
s sudden signsl incresse, The fuel e¢jection
and fuel motion in the channel slso car be
tracked via the hodoscope signals. The initial
point of fuel pin failure often then b-comes
the "source”™ of the uvaves of fuel motion ir
space end time. Potential information on the
magnitude, velocity, and time durstion cf fuel
movements gould be useful to modeling/identify-
ing & previcusly uncelculeted effect in the
CABRI tests.

14. It should be remembered that the
gomma-scen date only show the pre-and
post=-Cadbri distributions of the Cs
redioisotopes snd the hodoscope only detsrctls
the fissioning fuel during the CABRY reactor
operations (elthough ms time samples sre
possible in the TOP). Thus, we do nNot have »
direct ocoupling of observations (Auch as the
SANDIA absorption speclroscopy measurements
during the transient,

The Al2 and AlY Canes
16 Yor the I!g test, 1 wil) note thet the

feilure ot 230 ms ofter trigger wos unexpectel
(energy injection 0.9 kJ/g), and its wmxial
location was 46 « 3 om BFC. Post-test exams
indicated the fuel shel) was intact except from
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85.29 om BFC. The Cs-1%7 gemma scen showed
that there were aluste=s of concentration pesks
at 2-8 oa snd 60-03 omn BFC and s reletively
broad pesk/enhancement centered at 30 em BFC.
Tne latter's proximity to the failure location
might sllow perticipstion in the fuel ejection
a8 well as possible partial pressuriiing of the
pin.

164. In the AI3 test, the pin wes reported to
have failed 82 ms efter TOP trigger (energy
injected ~ 0.85 Kj/g) and st 25 < 3 om. The
Cs-137 concentration peaks sre evident in rig.
3 at 2,88, ond 52 om BFC with » small cluster
of pesks @ little higher than the laat. The
pesk at a8 o» 18 relotively nerrow (1 6 wm)
with an intensity sbout 70f grester than the
mear value. This pre-test Cs peak position is
suggestively close (within the adbove quoted
errors) to the obrerved cladding rupture
location. Fig. 3 clso shows the post-AI2 C»
inventory is greater then that of Al3.

The 812 case

1°. . 2 test involved o TOP triggered
before boiling onset so we anticipste @
mechsnical cledding rupture which was reported
st 51 :15 on. BFZ and "9 ms after TOP
trigger’ . A3 seen in Fig. 5, the abrupt
chenges in the hodoscope signals ere consistent
with this report. We enticipste the Cs-137
concentration to be roughly the pre-CABRI ptate
as shown in Fig. 6. The LICA sempling
resolution limits the relative intensity
informstion, but well-defined peaks at S. 57,
55, 60 end 63 cm BFC gre evident. Again witnin
the ppatial measurement error, there i3 »
correlsilon between 8 (3 peak and the rupture
location (gs well #s the fusl motion "source”
locationi. The seocond event pbout 30 ms after
rupture a3 ledbelled in Fig. S that ceuses Tue.
to move both upward snd beck towards the
midplane is in the sa™e xipl 2one 88 the Cs
enhancements.

The BI3, Blu, and BIS cases
16. The B13, Biu, wna BIE tasts involving

fuel swellang. @ seoond dispersive event, end
simultaneous fuel signal changes st three axisl
locations, respectively. will only be sdcdresaed
{n Tuble 2 due tO 8pOCEe oCnBtraints.
The BIC cose

16. ¢ 1nitial a>mparison belween hOdOSCODE
observed phenomens anJ the C5-117 exiel goamms
scens wes performed or the lest l-series test,
Blo. In gaditionr to an {nterest in the two
simulteneous failure points, there 8180 eristed
a oomplenentary CARR] gamms soan which
exhibited » well-defined concentratinm peak.
Figure 7 shows the hodosco)e fuel signal date
@8 8 func.ion of tiue ond osriel position, Two
abrupt sigrel changes Lt ©) ms and et 82 and 58
e 2 om from the (BFC) have been interpreted »s
‘*\1dence of fuel ejection intec the ehainel,
Although the LECA scen data wore suggedtive of
an enhancement in concentration of Cs in the
upper third of the fissile s0lwmn, t-e
correspond'ng CADRI gamma scen in Fig. @
e.aarly showds » regich with POS enhancemen®
from @563 cn BFC with an obvious peok Bt 89 om
BFC. Tnis peak's height 15 edbout two timep the
sveroge value snd the peak width 15 ¢11y adout
8 single prllet height. It sppears that we
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have no spatial ooi: cidence of wither ruptu-e
locetion with tils pesk, but it wdd reported
that the fuel oclunr snifted adb uptly in this
region at the pame time 80 the two rupture?
oocurred. Returning to Fig. 7, the sources o
fuel motion e indiceted by the originy of tne
arrowp on the plot, car be seen to be 1In
pronimity to the Csp enhancement ps noted on the
vertical exjis.
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20. Table 2 summarizes the results of the
I-series tests (RI1G-1), 'me teble includes the
type of test, fuel ejection location, pre-test
Cs distribution, "3 depletion, snd »
qualitative sssessment of the ppetial
correlstion. In seven out of the eint tests
involving pin failure there spresrs to be an
approrimate spatisl oorrelation betweer the C»
enhancement and initisl fuel pin rupture
locetion end/or sources of fuel motion. It {.
noted that Al2 and BIl whioh both had marginal
failures heve only moderate Co deplerion,
Since Al2 was o pire TOP and BIl wes 8 pire
LOF, «hip could be sn interesting test of
modeling. Both the All, Al2, and Al? and the
DIl, BI3, and BIS sets show progressive (s
¢epletion with inoressed TOP energy injection.
T™e former involve pure TOP's and the latte,
were LOF.TOP's with the TOP triggered 5.6
seconds after coolant boiling onse’. (D.0.).

PROPOSED TESTS OF FISSION PRODUCT EFFECTS
IN CAPR!

21. The previons section's aompari:ors are
consistent with the hypothesis thet Cs related
pressure moy have baen present in the RIG-)
tests, bu' the probabdilities aspprar tc bde
highe~ for perticipaption {n the fuel ejection
and otion than for triggering the rupture.
THu observed depletion of the Cs inv.ntory s
qualitatively nimilar to that reported from the
SA”DIA tests”. In the sbaence of deteiled
information on the radial distridution of the
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Fig. B. Cesium-137 axial gaoma scan for the

pre=Bl6 gtate

Cs. the {nvolved chemical forms, intragranulasr
versus intergrenular disposition, etc., the
uagnitude of the roles in CABRI are not eesily
determined. FmoOwever, it is suggested that one
cen utilize the RIG-3 (5% B, U.) end RIGC-1 (11
B.U.) tests to provide @ clesner in-pile tes:
of Cs significarce than previously antizipatec.

22. Due to the urexpectedly low fission gas
retention in the higher burn-up RIC-2 pins anZ
the measured 45 times larger voletile fiss:ior
product {nvencory in RIG-3 than RIG-1. One Nas
8 relative magnification of the VFP (Cs)
potential contriputions., Other investigetors
have suggested that the Cs-re’ated rressures
are comparalle to those of r%:iion {3 in the
SANDIA tests (FDu.2, FD. U} . It 4 in-
wtructive to apply suzh ar hypothesis to the
CABRI tests with the AH3=-AI1 case a3 an

exemple.
Hypotheais: Cop=related prepsures wire compi--
able to those of fission gases ‘i 413,

Implies: AH3 shoull) fail) esrlier (enthalpy-
wise), at different axisl locetion snd/or
exhibit different fuel moticn than expected
(more extensive in megnitude or duration tra-
1f one ignores C3). BSeveral adsump 10Nt ave
needed snd the clesnness of the test of the
hypothesis vill depend strongly on the lémits
of velidity of trese proposed assumptions
relsted to fiesion products, cladding end
enthalpy.

23. These snsumptions cen generally be
gun~crted, but it should be noted that the
eflectivy gop conductance with the open hot gop
fo- the AHI pin 48 o complicetion. It may take
e series of oo>mparisons to resolve the {ssue.
We can pimplisticaliy =epresent the hypothesis
yor fissinn gas and C» concentrationd as
lueading to three times the #ffective fission
product for AHY over AJ3, This might corres-
pond to s Oecrease in enthalpy threshola fo-
feilure of 100-200 J/g. It should be noted
thet thy looslized Cs pesks in the RIG-3 pin
(K-peries) vould cause even higher prespures or
» localized, specific sttack., For eaample,
destructive axamination of pin 82 (the pibling)
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feilure
M2 =430 15.5s 1.3 8122 3(1.8).50(3.2).35(1.8) ye oo rag
€0!1.3)83(3.3) |
| 18] o320 B.O.+5.1s 1.4 swelling 45-54 ®-37(1.3) yos streang I
84(33)
B4 «$20 B8.0.41.08 3 8222 8(2.0) /2.2 »o olrer?
[ 11} «820 D.0.+3.0s 31 13-30,20-33 1(1.3),04(2.0)37(1.0) ye sireng
&0 20(1.1).48(1.3)58().5)
Bk %20 B.O.+34s 19 o «b-83(1.2).49{3.5) yo strong
E 3

* The Loss-ol-Filow leliows (he reduction law of Qit) =

* The energ injeciad into the paad
* The general axial distributen for an l-series pin
concentratons ‘#ith Lthe relative intensity given in parant

at the azial locstion of the pronounced Cs peak
at spproximetely 210 om BFC, identified »
distinct change in the fuel appesrance at two
azimuthal positions toward the periphery of the
fuel. A cesium compond is indiceted, but 1ts
effect i3 not determined.

Preliminary AH3 results

2k, A summary of the preliminsry results for
the AH3 test compared to AI3 can be given as
follows:
o) the AN3 failure location was higher, 5uU om
BFC versus 45 om BFC for AI3 ss determined from
the hodoscope dats.
b) the first event in the coolant ahannel was
more violent then in Al3 as decduced from
pressure and flow rate changes.
¢) the fuel dispersion from the 20-om axial
section around the fallure point was faster in
AN3 then in A3 as deterained from the
hodoscope date.
d) AN3 voided serlier at the 10-15 om BFC axial
locstion than Al) as detervained fiom the
hodoscope data. This is » region of Cs peak
(Fig. 1) and fission gas concenlrstion.
e) T™e frectional depletion of the Ca in AM3
wes qualitetively similar o8 seen in the gamma
soers (see Tig. 3 and Fig. 9), dut of course
AN3 had 8 times the initial inventory.
) The enthalpy in AN) st pin rupture time
needs to be determined cerefully (the effective
gep oconductance for AHS 1 the main complice-
tion). Unexpected elad swelling during the
irradistion nay be reloted to 2N3's lowered
failure enthalpy.”

1e8/e)"! with r = 7 seconds. Typnll) boiling onset (B.0O.} securs 21-22
eaconds afler LOF initiation Initiation of TOP » qiven n tive 85 LOF initation ot B.O LOF.

powet pade 190ms into Lhe transwnt is given Tor Al), the time was 130ms.

A:'llﬂ Specific poinis are given in thi column such aa loralissd axisl

Bl was & pure

Preliminary BH]l results

235. In sddition to the AH3 test the BH] test
was performed prior to the suthor's departure
from Cadarache. BHl did exhidit temperature
oscillations during the LOF, Also, hodoscope
signals implied 8 2-3 em upward displacement of
the upper portion of the fissile column which
created a gap ot U5 om BFC, This gap shifted
downward 83 clusters of pellets moved upward,
About seven seconds efter B.O. fuel pin bresk-

up was indicated at UD«55 om BFC. The axis)
Ca'?? 18
————PRE- AN
c - POBT-AN2
200" -
1 18
2180+
[
§100‘" | ‘ ‘J)‘ * ’J
80— ' -
[ TeRREelY
e 2
Ole et : .
250 o800 476 0 1000 T28 ¢C 80 C
AXIAL POSITION (cm)
Vg, 9. Cesiun-137 axial gamms scan for the

pre-and post=AN) gtates



extent of pin disruptior snd the Cs depletion
are both larger than in the BIl case. Further
analys.s 18 needed to elucidate these
differences.

SUMMARY AND CONCLUSIONS

26. Some of the results of this initial study
are as fo.lows:

1. For the 1% snd 5% fuel the axial profile
of the C3-137 concentration exhibits a
migration sway from the power ma“imum.
1% B.U. fuel this results in a final
distribution with a general flatness from the
bottom of the fissile column (BFC) to midplane,
concentration enhancements in the axial region
from about U5-65 cm BFC with sdditionasl well-
deflined peaks often evident in this zone, and »
repid decreasc relative to the midplane values
from 65«75 cm BFC (this latter region seems to
match tke flux profile, however). For the 5%
B.U. fuel the localized Cs peaks were generally
oUserved from 10-30 cm BFC.

2. An spproximate apatial correlation was
noted between the pre-CABRI Cs-137 asxial
concentrations deduced from the gamms scans and
tt e hodoscope detected fuel motion sources for
the l-series tests, More specifically:

a) In the eight cases involving pin fsilure
and fuel ejection, all except one have Cs-137
concentration enhancements at/near the noint of
failure,.

b) In all eight cases of pin fallure, the
Cs=177 distribution after the test indicates a
nott.le depletion in the Cs {nventory,
inc ding intact fuel shell regions. Three
tesrs with transient energy i{njections in the
pea< power node at 190 ms of 0.6, 1.0, and 1.3
kJ/g. respeatively, display the onset of
significeant Cs depletion. The rate and timing
of Cs release sre open lasues.

3. In addition, a direct comparison of events
in a pure transient-over-power test and a pure
loss=-of=-low test for *he 1% and 5% B.U. cases
indicated some differences in fuel motion that
should be exsmined in more detall via modeling
and destructive post-test examinations.

4, Other tests in the CABRI matrix should
extend our dats base for Cs-effect evalustion,
Tests with an intermediste ramp rate {n the
H-series pins or with the newer set of pins
with high fission gas retention should be
useful.

27. Finally it 18 noted thet the magnitude of
volatile fiasion product (Cs) roles are not
easily determined since the CABRI progrem does
not monitor the Cs release during the fast
transients, the SANDIA experiments (at slower
ramp rates) have not quantified their transient
observations of CS relesse, and dete'led
modeling and some fundamente] experiments have
not yet baen performed. However, the observaed
survivability of Cs concentrations {n BIl and
AIl, the increased Cp release with increasing
energy injection (AIl, A2, and AI3; BI' BI3,
sand BIS), and the approximate spatisl
correlation between pre-test Cs enhancements
and fuel motion eventa ar? 8ll oconsistent with
Cs involvement in these tests. The asctions of
fission ges and Ca may ba synergistic at a
minimum, with the relative importance depending

For the

on specific circumstances. It {s hoped that
this preliminsry study will contribute to the
framework for further investigations. A wealth
of {nformation will become available in *he
next few years which should clarify some of
these jssves.
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