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the reactor. Ihe gas is aged about 2 tmin to suppress the 38-s activity of 2'Ne. lPeriodicall%, 10-nil. grah

sianples of coyer tas are Ohl'uned Irm Ihe sane nl//C and counted it trhe laboratory to directly measure the
acti cities of 1 Xe and t''\e. At the I rie of a release, a titc sample o aiott 15 tt" (0.42 mlt') ot cover giS is

also treated crl ocerticall\ to concei r atc 0 o pcs ot \eiOtt tor miass spect romitetr\; the preseutee ot 1 4Xe arid
12"Xe in 1 hese samples mdICtees thal the release Is from an element corimaining a etton tag. Any delayed
nculrons released M tom ihe sotilce te detected mn a b\ pass 11(m o? the priar sodium b the fuel-elemnt-
lurture-detecotr (I-I1 RI)) ssiett) I inail\ , samples ot sodium tAcin from the primary tank are analy/ed for
the presence of I ( , -l, aid Tll.l ' PIliutoiniumr has iieer been detected in the primary sodium.

1)urrit niot rinal operartorn. lairl% reproducible backilotind issioti-product actis it iCs caused h iisioting o
a small puanity ot "tramp'' iiranimti i t he core are obser \cd in the soditll aid cover us I he uranium is

lthtuglir to be present as a Cotualriniautt otm o t the surfaces ol slaittless steel comipotterit'.

l able I st llittati/es the l ision-product acti lies roitlinel\ rio tit ored itt I-BR--II and their riotim l
hackiroiutd-act is itS leels w hen no sources otiler than tramp uraitintim are in the reactor .

1 ARlI 1K I. Fission Products Nionilored in EAtR-II

I)ecaoiy isti tr , onIitoriii Normal aiktrotiound
Iotope fall -Ie s Svstei Act iit at 62.5 MlW, pCi, ml a

"lmh 4.4 Ii 4.38 \ 1t) (I ASS, RG( \1 3.4 0 l-

5 Kr _6.0 in 1.52 \ l0- (I ASS I.' 10-4

Sh 2.79 h 6.90 1ff (I ASS, I-G\1 5.6 . 10

hk 3.15 min 3.6h \ 10 1-GM

1 e 5.27 d 1.52 \ lW (1 .ASS, RCGM, 1.5 \ 10c

argor grah sample

ti~ttxe 15.7 min 7.36 \ 10 (i ASS 2.3 1(-

e 9.16 Ii 2.1)) \ (- (I ASS, R(CGMI 2.5 I
I"\e 14.2 nin 8.13 \ 101 (lASS, I-( 7.5 x l(0-h

111I 8.07 d 9.95 \ Il- Sodiurt sample 4.0 \ 1(05 pCi,'g

13 30.1 y r 7.30 10- " Sodiunm sample 6.5 \ M-

Ia I poi 37 k 11(.
IlBased on (i ASS data.
cHased (n laborat try analyses of argoi or sodium samples.
dReleased Fromt siuhassmtil X1 in M y 1a967 and from si bassemb lies \180, X213, and

X194 in October 1974-.lanuarv 197 5 i"

R. Identifying Sources

I elve methods have been des eloped oW ci the years to help identify Fission-product sources ini [BR-Il.
Table II suunmari/es how each method is used during ta release to identity the source of the release. No

method is used eclusis ely; it one method strongly' indicates a particular suhassemhIbly as a source, the other
methods are applied to that subassembly . It diagnosis is ihen inconclusive, the search continues. I-ortunately,
the use of xenon tagging has reduced such Rteation to a miiimilm., 10

The first method, based on eladding-Failure statistics, relies solely on press ious experience and is used when
several cladding breaches Ira e already occurred in a Iarge group of similar elements such as the driver-Fuel
elements of [BR-I11.14 I he method is applied s it h smie hat less certainty to predict the likelihood of clad-
ding failure in similar groups of experitental eletetits.1'
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I ABI I. II. Methods I sed to Identih Sources of iission-proEdtI Releases in F.UR-II
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Th, next two methods (2 and 3 in Table II) use the raw activity y cat a oht ained during a release. If the activity
of 13 tnXe increases while the 31Xe activity stays at hackgrounl leccl, or if the decay of 1351m Xe is mach
slower than that of 13X after the initial release, the source is likely to he a sodium-honded element that is

losing some of its bond, and iojine, to the primary coolant. Similarly, if the initial release contains significant
amounts of short-lived gas isotopes and the IXe decay, along with iGie, the source of the release is more
likely to be a gas-howded element than a sodium -honded elemcn. i " A though rapid, both methods are used
with caution, because extraneous factors can easily a effect the mtteasured acti ity of short-liecd radioisotopes.

The siX methods (4-9) that ini olke imass aspect rmlet r% of sample, of cok eC gas are lentgtl\ , hit genreally lead
to an accurate diagnosis. I sko of thell (4 ancd 5) help identitf\ the I\ pc of soutte h\ measued ratios of the t

xenon isotopes. The ratio of stable 11 Xe to stable 3 4 \e (method 4) ha, been toitcd to he consistently lower
for uraniumi fuels than Im tuoels containing h iII uranium and pluoniirn.1 Sit lar I , the ratio of
stable t34Xe to radioactie 11V (mietliod 5) increases w itl hurnup in a dLife0ent mauer for ihe t1\o types of
fuel. IS

Method 6 deternmines the hurtup lesel of tuntaggied fuel elettetiv. I ills 1t1t1t10, is ased on determiitnitg ihe

ratio 1 4Xe , 21Xe. I his ratio was 'oseu because tihe lalL'edt pcr Clentat2 of stable enon 11is101i products is
tIte, is uiiainl\ produced tlbroupVh the deca\ dhain

421ll 2.0 IM 1

(stabl)

andl tIe 1NXL is produced Ithough the 121 (n -, ) Ieact ion to 11 a;Itd tIIe stihse(tient , decl\ . I he ratio should.
change s hsta ti;Ially fr in irtial to midlife itadiation aind ti m ni dlile aId to end-ot life irradiation.

I ime I sls the t 1 t e, LX. latils in Mark-II
I ( iun (metal-(d ier-fte') imd mixed- sldc elements as a

- function o1 average burnup. [he data were.
- r it I Ia obtained IroMi plenum-putnctUre tests of untagged

.. cO (54 1 fuel elctements irradiated in EBR-11.

4. .

( I

0 I '1 t I 1
U 4 r

f.,i . .us. o +

I m. I M
3 \surd '"V '\, R.ut ii \1.t1i I I.ut \ls1 d

i'\hie I nel I IrlnenI l a a I i lon Ili 1ut111 \>'i \Nv'

Nit. 114 7x 4x Re%

Met hod 7 compares l ie measured volume of fis-
sion gas released from a source wit h the calculated
oliIes of fission gas in the plenums of all

elemiients in the core. In this way, elements having
less fission gas in their plenums than the volume of
fission gas released can be eliminated as sitsi*cts.
I he calculated pleimi contents are based on em -

pirical correlations of fission-gias release t1 20 and
are updated for each EBR-il run.

[he next tW quaintitatise itethods (8 aid 9),
which inolce tecotnition ot a ienon tag, are

he most accurate and, because all experimental
BR-I eleieiits are no% lagged, are also tihe ilost

freqpieitl\ used. A \eboni tag is about t 1-1ml vol-
ute a imixtili c of 124\C, 2(Xc, 1

2
8e, atid 12"X1

that is added to Ian elementi during fabrication. The
elelnl tis in eacith semihly cOL(taini the same
uniique tag. Method 8 simply matches the ireasured
tag coimposit ii il tie coer gas to tihe closest tag
coipositioti ktrom i to be in the reactor. this com-
parison 11mist allow for the composition charges

that occur because of 1Xe uhrnout anid 2 Xe

.4'

r'

V)
0
r

S

.

"T
Ni



production during irradiation. 2t Method 9 discriminates between tags of similar composition by comparing
the measured olume ratio of fission ia to rag Las in the coret gas with the calculated volume ratios for the
elerments In he suspect Subassemhlies. Again, t he calculated ratios are obtained from the k now amoun1S of
tae and the estimated accumulation of Iission Las in the elements.

File lift-and-hold test and the FUM isolation tet (methods I() and I I) are uisualIy Used onl for con irming
that a suspect subassemhly is indeed the source of fission-Las release. The lift-and-hold test is per formed wilh
the reactor shut dom n. Suspect subassemblies are lifted out of ihe core one at a time and held at t he elevated
position for a period of lime. The lowering of the sodium head in the subassemlyi> rima induce a hubble
release from the breached element.

The FUM isolation test is limited to subassemblies % iti low decay heat, w hiCh means that the suhassenblies
under test usually will ha e been in the storage basket for a inher of das before the test. I)trring the tes,
the suspect subassembly is lifted out of the storage basket and held in the co\ er gas hy the gripper of the fuel-
unloading nachie (O1 ). .Argon is used ,o blow the residual icdium out of the suhassemhR. I lien tle
sbassetmbly is isolated in the [UM for a period of time to see if fission Las is released. The elimination of the
Sodiumli head in the suhassemlyi hImay induce fission-gas release from the breached element. Isolation in the

FUM also helps to tiniii/e the opportunity for contamination tioral the coyer gas interfering with the test
and increases the sensiti\ ii \ of detecting a small release fromr the breached element.

A tlux-tilinn. test (riethod 12) consists of perforiing a simple bankirig of control rods, which either in-
ce ases or decreases t lie tlu\ adjacent to tihe banked rods by - 2-3". Tie resultani temperat ure change in tihe
,nhassemibl ma incr ease or decrease tihe dela ed net ron emission rate from the breached element.

I;
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I1. CHRONOI OGV OF FISSION-PRODUCT RELEASES

A. Subassembly X250 (Run 88A)

After the annual shutdown for maintenance, the reactor reached 62.5 MWt on April 8, 1977, with the first

of a series of UO, diagnostic tests (X301) in the core. (These tests were performed to determine the response
of the fissioi -product-monitoring systems of EBR-I1.23) Shortly after startup, the fission products released
from the predefected UO, element in subassembly X301 had increased the 'inXe, IIe, 133Xe, and 5m"Xe
activities in the cover gas to above their normal hackgrounds from "tramp" uranium. By April 13, pseudo-
equilibrium activity levels \%ere established for isotopes monitored by the GL.ASS. On April 14, sharp in-

creases of activity levels suggested the likelihood of the presence of a second fission-product source.

Table Ill sum mar/es the results of t he analysis of a xenon-tag sample taken on April 16. The 13! Xe/ 1Xe
ratio of 0.417 indicated t hat the second source oft he fission gas was a Mark-II element. Although none of the
subassemblies matched the measured tag composition \well, only subassembly X250 contained a tag with a
composition similar to that of the tag sample. Thus, only this subassetmbly, which had a peak hurnup of
10.6 at. %, was removed from the core. The absence of abnormal coyer-gas activity upon the suitbsequen!
startup conf irmed that suhassembhly X250 was the second source for the additional fission-gas release during
April 14-16.

lABI E Ill. Results of Xenon-tag Analysis on April 16, 1977

I)eterminned
irun

(o' er-eas
Sample

Xenon %oluie, ml

Tag volutne, fi l

I-G, TG r. t io'

Volume of gas in
element plenum, nil.

Xenon i topic ratios

131/134

134/133

129/128

129/124

128/124

126/ 124

129/126

"Ratio of total
as loaded.

Predicted for X250 at
Peak Buriup of 10.6 at. 1o

23.4

0.36

75 60-86

8474-106

0.417 (0.426

1618

3.6

65.95

18.33

0.603

109.5

5.60

63.95

11.41

0.545

117.4

volume of stable fission gas (1G) to volume of tag gas (TG)

Post irradiation examination indicated that element 91 from subassembly X250 had the largest weight loss
of all elements in the subassembly. Gamma scanning showed that the weight loss was not caused by loss of
sodium bond. Therefore, the breach site had to be in the plenum region of the element. Visual examination
showed the possible breach site to be in an area of mechanical deformation at the top of the plenum region.
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The deformation had been caused by handling the element outside the reactor. The weight loss was about
40% of the calculated weight of the fission-gas inventory in the plenum.

B. Subassembly X251 (Run 88C)

The reactor reached 62.5 MWt on May 7, 1977, with the second U0 2 diagnostic test (X302) in the core.
Because of the release of fission products from the predefected U0 2 element in subassembly X302, both the
delayed-neutron signals and the cover-gas activities were above normal background.

On May 16, the reactor power was reduced to 50 MWt for 6 h to repair a steam leak in the power plant.
Upon the return to full power, all cover-gas activities surged above their pseudoequilibrium levels before the

power reduction. Analysis of a tag sample taken on May 17 identified Mark-l1 subassembly X251 as the
source of the second fission-product release. The peak burnup of that subassembly was 9.9 at. %. Table IV
summaries the result, of the tag analysis.

TABLE IV. Results of Xenon-tag Analysis on May 17, 1977

Determined
from

Cover-gas
Sample

Predicted for X251 at
Peak Burnip of 9.9 at. o

Xenon volume, ml. 4.5 -

Tag volume, ml. 0.053

FG/TG ratio' 98 60-77

Volume of gas in
element plenum, ml. 101-129 79

Xenon isotopic ratios

131/134 0.424 <0.427

134/133 548 -

129/128 3.32 3.22

129/124 37.54 31.13

128/124 11.30 9.67

126/124 0.519 0.507

129/126 2.33 61.39

'Ratio of total volume of stable fission gas (FG) to volume of tag gas (TG)
as loaded.

Postirradiation examination identified a breach in element 24 at the dimple area. The I3 mXe activity of
9.3 times above normal background from the second UO, diagnostic test might have masked a telltale indica-
tion of sodium release from subassembly X251 before release of plenum gas from it. Release of iodine with
sodium increases the 135"'Xe activity in the cover gas.

C. Subassemblies X246A, X297, and X141B (Runs 89B-89D)

The reactor reached 62.5 MWt on May 21, 1977, with the second U0 2 diagnostic test (X302) in the core.
Intermittent purges of the primary cover gas with the cover-ga. cleanup system (CGCS) were used to keep the
combined 133 Xe and 13 5Xe activity below 1.2 ACi/mL (44.4 kBq/mL). On July 25 an increase of
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milrc Lhili 21(Xi-tOid iIm C(\CI -Las atlIt. Imldic teCd Itic prcsc C t a c0o diiiI Issiion1-p1d ct smurCe. 1'he

LccoIdCd pLilk I 'c aCll\1i\ trui il vilah ,iillplst t)I Coicr cas L idS 6.7 p(', till (247.9 kO l . ). A illalvsis of a

\CIIolil-rIdu ,,i plc rlCii on Ilnl 2r iIli ic d t11h t lls iI -h in ip (9.5 peak al. (') CecmCtIt in suhas'cmhly
\246A \1a In. ,oinCe Hll ti adIll iti ll tiv liil - plntii.CI cleaNc.

PoslliradtiaIi&in c\aIiniliaiI idc1n;ti1td !IC i c.,ichcd elIncilI ias k) 4, a sodiltiii-bOiild d liu ld s irmided
caride Iii CIlcilleiln . (III a tah olided clcnliiii, a 1lioud iuhC CCtlICI, ti I.Id ilisidC the ti iddili lli t IIIIIIIi/C

ticl-' diltiid lll t h ltn i.i;I 1iiirra.1lhi0I.) 1 hi iXs Ie i s taililie (I a shriIidLd CleileIi . I able suumari/e

Itl lesi 1 i lie \eiliim :a Ialw on 0 l\s 25.

I AM . N IResults 14 \en(n-t.tg Analysis 011 JuIl 25, 1977

l)clic iiiiid

\ -i. ci c 'Iedtlcd 1or \246A al
SatIlte l'e ak '111i illp itf 9.5 at. n

V llml \(iirun , in 27.4

I1 tt t( lu mllt, n l (l. 2

( I(i lame" 38 32

1 l ni +h ' I a in
leie llnt IIt'!i li . nil n 49

\eon i 10ipic Iati

Al 134 0.452 _0.428

'14 l31 346

129 128 1.11 1.14

129 124 t88 7.74

12S 124 7 I 6.81

120 12- I11448 0.432

129 126 60(1 17.94

'Raiio (it 1ii)it ohirmc wI siiahlc 1is ioii L'as (1 (i) to %i limi 0 ti l a i. s (TG)
as loaded.

A.f\ei suhasscbl\ \246A aiLd 1h. seCort I '(), diaigostlic ICs! %%ere renoVed frorli the core, ithe reactor i as
resiarted on flly 26. When the pOwer leached 62.5 MWr , the ahove-normal "tramp" background fission-zas
activities indicated the piesencei of a leaker. Ihe i 1\e aCII\i.y l peaked at 1.1 pCi ml. (40.7 klkIN ri. on
.lulu 27.

A xenon-tai sample was taken on .11u1 27. IC completely different tag cormposition confirmed that
subassembly 246A i as the pi cions leaker and tt Ih here \ as a new leaker in the core. Since the tag volume

in the cover gas was only 0.025 il , substaial coriw nination from the X246A tag was expected. Table VI
smlmarir/es the rcstlts of ithe \eol aw analvis ()n July 27. Analysis with the MITAG code-, indicated that

xenon tag from oxide suhassenmhly \297, mixed witi 46.68 'o xenon-tag contamination from subassem-
hl X246A, provided the hes tit to the measured data. Ilecause of the uncertainty in the analysis, and to

ensure that the leaker %Nould he remiocd, sihassemtblie \ 181F, X252, and X298, as well as X297, were
removed from the core. Subassembly X297 sk as later identified as the leaker when it released fission gas while
isolated in the I AI. It had a peak hurnup o 10.4 at. "'. lPostir radiation examination identified element 26 as
the breached element inh s i uha Nbhi.
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I AI I. \ I. Results of Xenon-ag Analysis on ,iul; 27, 1977

1 Mwr Li n'H t iV
fiom Assuming 46.6811'u of,

( ci -law \297 a Pea. RCIadSe fromi \246Adt altd
"ampr jle Burnup of 10.4 al. Reat from \297

eI n \ tli lit e, fi I 1.91

Iag wiulime, i nfAl Y-
II ( I I, a: x9 113

\ ome Ai pas IIm

elL"Iiciln [ilenumIIll, ii 98 124
N mI 1 N) .fiCO

A1t 14 0.448 0.422 0.42S

S114 133 925
129 128 2.26 7.26 4 403

129 124 15.42 36.53 23.09

124 124 6.83 5.01 7.86

126 124 0.476 0. I I I 0.4"4
129 126 12.1 "1.41 46.46

lI Lreria1 re lot X246-\ I, lased on hiu\ 25, 197', \cIOn i-la , I ti l ll III fi O\Cf t',5N.

o t oiI \ lal \ u 1 0I slal"Ie tssI0oI Law (1(i) to \olulme of lae 1's 1 1(1 a, loaded.

I he reacts)! leached 62.5 \1Wt next on .lul\ 28, and the core obtainedd Ino leakers. 01 .IlUI 30, ho\we\c , a
tlge increase of tissiOl-gaW activity\ indicated the presence of a ission-pioduci source. he recorded peak
"\e actiiy 1r1n a gaib aIunple of c(\er gas was 2.3 pCi 1m11. (klki fill . \enon-tag analysis o a sample

taken sn 01].1 30 identified sv\ide suhassemhl\ \141 B as the source. I able \'I I summari/es the results of the
\e1on tat aiial\ sis ol .1il\ 30. PoStirradiatrion e\a1iinialioi ideitilied element 40 as the breached element in
snhassenhl\ \ 141 B.

I ABI I. \ II. Results of non-ag Analysis on ,Iul 341, 1977

)eternined

( s\ei-gas PiCklIC Ied sti N 141 a ti
,-anpk. PeAk 1111nuth of 6.8 al.

Nenon \ inlime, ill 48.83

I a \oline , 1111 0.67
I (i I (; ratio' 84

\ (lumre of L'a. ii1

elel'enlt ple uisti, fil 59 -

Neilo ilstopi la tos

131 134 ((.447 -1)443
134: 133 96.16

129/128 6.46 6.56
129/124 17.98 17.85
128/124 2.78 2.72
126 /124 0.418 0.388
129 '126 43.03 46.)4

'Rano of total . slume sO stable fission (Id (1
i) tO ssilume us tag gas ( I(i) as loaded.
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I l\cl II I''t l 't i til I I X1=llK I )L 1 1 ', 3 1 .l lil ti + 11 ,1 ,1 l 'll. 1 111' (11 K ll1 ZLII I . ,1 afIk l Ifi ICl,\

nncnn29. t su~senhel \i9t \ CILILiI ,I ;NIiN'.C!)ih lus911an)s1
I I 1 'R l ' . ,l h bll- l\ | , 1 1 1 i \11 ' I l ' u ' e l 1 !, 1 1 ! h' I 1 1 1 t 1 1 1 1 1 1 ( nI I llk' m ' s t ( I l '\ u 1 1 , h l a 4 1 1 \ l ' ,n i l l s -

Il\ 111 ,1\e x'1,11 Itls l 111 1\t 1',d 11;1 " ) II( f l l l (12. li lt f!ill . 111kI , ( I t \11111 ',JOd "-stil pi Ilik . \ -f

" '"1w ,eIn I gr ab su1 pC, I \I111' Ilha, ( , \ 1 n( i ( i nI h \IIl'. ) a t I I n I 1 .0 Il l ea ,.
-\ t! ' \ I Il I d e11 111;t 1/C tile I ' ll l 1 sIlase i c \ l"I ,-I 11 .11. , 1 ") ) 1 ! kek b l l il X1 I (\,fl u llli l 111e t I l II tIs dl d i.
inell 2 a 1) e 1)ile 'i h l el llne ll ll lll\ \ .1\

%It \lI 1 \ I. Ht-mllts 10 \('n(n-t;1>. \iiaki, on \utgust 31, 1977

t~~~ ~~ 1111 \ llne i

I . I ( . I . 12(
\ oluIne11' If 'a Inl

t"le 1Ile ill t 11 llill ll, 111 1 I J1 I Z1)

I l1 I i 44 - ).423

134 133 12

129 128 ( '2 6.~8

129 124 Q.42 3'.I8

128 1 4

126 12. .42 11.519

129 6.l ,1.4

"k;111 () iial \ oluii C l 1 lihly 1 (I (1) 11 \ lilt ' l ll , (2 I (1 ) ,( s blu dcd

I Il IC;cicer \ \s ic sIC iitd .Ilid !ce cill (2.S \ \\ n 1ji iehlenibe 2. 1 he aibscieC et shti -1111 lit I I~1ill ka,

3111I\ l (ii' lillIlled ic I ll sullh, i'sI ll l\ \29 ' , I lesJh iiteIL lu 1 i lii eII -p IdIicI Iel'aC 1 11111 1119 .

..\ni1 r tI i~nI( -ga 1 I ci sc bCeeinicipx a n.cir 'in SII illbce 5. I he 1liialmn n1 ease wi, s el 1Cp lilhcn l icit

a leak " V. 1iII 111 4.3 1( I fill (I I kitI Ii ) \ as tnid in .1 Lllit siiiiple OI ol C er gas. An\Ii hi'i lt

\rno n-tagi siiipl, takCni fln he 1;1) 111d id 1 !nitidCl itlhai emIlih\ \ 1811 (11.3 i1. 1u pc;' k kuin ip) as fh

surce t ilic [ie f 0i -Las iCkIaC . I aihI I siilIiliiII i/Cs i1i Icillis tI l tic \CIeii-l g aIal si . PostirIadianitni
(\aili 1 i(I idenIi 1e C lCiniC I 3 is h icacinhed Clellell.

I he eitrlor reac hedl 62. \1\\ I ti lul 9)I) '1 'Cellenilhel 8. I h a elle i ll \CI - IIII .ilC I ie s of 1(h(l -

hall-lifte tisin .I'ases 1)11fi111n1m subhil~CihII)\ \ 111 i s thc s1 I incc el tihe li hr tissien-ga, release during

ruli 90( . Ill o e\e1 , lhw hirt-lialt Ie i~11in i' s ak l\uIies \wer'C tlllc i11 I hati 20 lilies hackgreunld, M ich
itcetd the presence 1t a sIew ICakCr. tSiulnhslehl\ \ I18, in the lrage basket, aleo appeared tle continue
to release its ;Wed 1pienumi V,1. I In. ceiinhiiaieni il the lived vision Va, 11m suihasmhli \ 1811. and the

tresh 3iioni L'i I fMil: he ni0 sl Ieakel 11 Cnii Cased the 1"\e a.cI Ii \ I eel to a peak ! 3..x p ill. (140.6 ki(1.
ill ) (li SepimCinher i I ltuiscemhl \1811 ilwS leme\cd 1o the ll i 01 epCtembei 19. IIl OwCI, the high

ell\Cr-1!;1 a11 1 ics pcrsiJt d ( )uI ( )Ietnbi 1, beot w Inh a1e i should ,ii t heliti cud (t hn 90!), the It
itullty leacetid a h(. i ,, 9f) nI( ' ill 05.2 k lifi ).
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I 1 I I\. Resul1 (f \enon-lag Aniul i on Septtemter 7. 1977

I)C CI II ll ',

( O t'l ats Pik dl ed i i I .

\ inkn i c h . mI 21

I IC ttlui , m l. 2

;, ( i ( '. '"1 I I

\ >I n i :.is m

H I i.4Si 11.424

l i a 111 I9 'r

. 2s 4 .02

S2) 124 44 22 44.64

1I> 124 9.21 8.90

S26 124 049) 0.484

1 29 I 2b 9t(. I2 92.21

'Ratio 1t l I i u(n t stilhl tiSioni Wa (I (,) it to liiiiie oI tag ga. I (G) a, loaded.

I ah!e \ nlnIIari/e lhe Inal "C't \enion-tag sample, taken in Sepenmbr. lH I data indicated that oxide
'ha11e ul \ \2131) (1 I .9 at. ('o peak hnrnup) w as the sou rce of the slow tiion -gas release. The suhaNemhly

1 (s mtted to Ilie st tae basket at the end ot the run, on O ctoher I, a, a suspected leaker.

I AB1IR I. Remult of \enon-Iag Analise% in Sepltemher 1977

I)ciefrtnnln ed 1io11 ( ttt et -eaN Sample

t;unipliing I)ate (September 1977) Predicted for \231) at
9 27 29 Peak BInrnup o I I. at. o'o

\ itoll \(I1i1iic, nil 2(1 1.,3 ) I .69

I %(Itt11" tli ll In1.2 (1.(29 0.114 1.1112

l (. I(i Ialw' I1 148 141 162 142

'xi 1i Ii

\elonl 1olopl.
I at t"

I 11 134 0.4 0 ). 438 (.444 440

114 131 199.7 1 1.6 414 91.41
129 128 4.79 4 3 4.84 4.26 5(0

121) 124 44.22 55.5 52.88 47.15 M.71

128 124 9.23 12-8 10.94 II 12 11.76

126 124 ((.491 1.433 (.525 (1 0.643

129 126 90.12 128 .1 1(11.4 1SI 1(N).7

'kaio (It ttal %olume tit tahle tuNsitun ga (1-G) to %olumue ot tag gas (1Gi) at loaded
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In r.n 91A, Iliinagccd (\ide subassenm ly X214 was identified as a leaker. I his raised the question of
N whether tie thseid ida r leases nitr tun 9(D erc a ra Ure (i tag from suhassenilyhI X181- and fission gas

I1nsuhaIll,.cmlv \214. I arnInation 11 the ta' ratios tra the Sepremiiher tag satniples showed that a mix-
utue l I issioni iai ;md tE i ilm \214 id 203ID miatched the measumed tatio better than a mixture from

\214 and \s l .

tiihissembihls \201 ) \d, I cirmse ted din in r n 92A tot CutitiI matron. Itweser. nO fission-las release trom
he subassemblls wkas oben'cd until Inn 94. \'isiaal eaminatiom after run 94 showed that one element in the

sumhasNls had a Imte i 1' \\ceii'hi l\ses arid atnna sea1inig lor I"Xe revealed another two possible
hr es lied element s.

1'. Subassemblies X21 P, X282, X294, X235A, and X291 (Runs 91 and 92)

)ir in 1) tOwer DeI )em bet 197 , 1he i e et e tissin-pr iducIt releases from ti e subassemblhes: X2 4, X282,
\294, \ 21.A. mnd \211 All the suhasemibihes ecept suhassemtlbly \214 werc identified by their unique
xe iion tags tin hassetmibl \214 \\as intagged. It wsas idenntited as the sont re Of fission-gas release by the
ahsine 11 \etioi tal! and hs its nlnqne 1'"\e '2\e and 111\e 114Xe ratios as an uixide subassembly with
21 -t. "' c peak hurnulp.

I able \ I \V snnrinai/c the results ot \enion-ta analyses b r the t ie subassemblies that released fissioti
!,I, ( in g1 til is pet iid.

III I l. Rc1olis o \venion-lag \n4>. on (kIoher 12 and 14. 1977

l)A t'r nul e t' 11011 ( I1\er Fill S5.lnplr

tilnlgliny I),Ilc ((hilte 1 97 ) O l' lced lII1 \214" all

12 14 I'c".k linrnup il 21 .if'o

\ -,: 111 \tllume, fill 21 ,J I'I

111 14 ii42 i 425 -0 4
i 1.4 1 1 1 ' il 2 11112

I 21) 1 2S II 1) 171

14 2 h I X25 14b') 2iMN(

''( hllde .ub"I""r bh

I \II I \II. Revuhi- Ilr \nin-a1 \n1 ai% on (ktbeitr 21. 1977

)CilI iiirt"1
iln

u 1'.c L' I'iLdte.Id Ihr \2K2' .a
.In11 I'.I. 111111 tui ll | ' .1 'u

\rb n i \ icnm . 111 1 I)

I. \ " m , ild i It
I (I I(, 1 1at1 b 41 22
\ Oillnc t i. , II

eli nl plc in, fl 44 2.1

1i 1 114 ( 441, -0 41-
I1 4 I 11 141,

I2j 128 ' K 4

121) 124 1' tb b I \ 1

128 124 2 4b I >A

12 6 124 0 444 '412

120 121 W9 81 1' mat

t1R.111-1 lit':.st 5 uIainti I .11'11 Imllaae i ll gIa (1) II \dotuaeC Il I.Ip ".'% 1 I(r .1% liadcd
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' ARI XI1. Results of Xenon-tag Analysis on November 17, 1977

Deteritined
ron

Coser-gas Predicted for X294- at
Sample Peak hurimup of 3.5 at.

\enoi olu me, ml 4.98 -

I ag \ olume, fill 0.33

l( G(G rati1h 17 15

VA11u1ie if gas in

element pletInm, mi 18 16

\enotn isotopic ratios

131 134 0.468 0.440

134 133 410.5

129 128 8.77 9.39

129 124 20.66 19.72
128,124 2.35 2.10

126, 124 0.45 I 0.427

1?'! 126 45.84 46.21

LIeliumrn-honded nitride suhassemhy.
r'Ratio of total olume of stable fission gas (I-G) to volume of tag gas (TG)

as loaded.

TABIE XIV. Results of Xenon-tag Analysis on Dlecember 14, 1977

Determined
from

('over-gas Predicted for X235A' at
Samrpk Peak Buriup of 9.2 at. 'o

Xer'in \ olume, til. 6.02 -

lag \olume, il I 0.14 -

I-. GrTi ratios 49 52-76

Volume of gas in
element plenum, ml 48-69 74

Xenon isotopic ratios

131/134 0.426 -:0.429

134/133 1490 -

129/128 2.27 1.80

129/124 17.22 13.94

128/124 7.6 7.76

126/124 0.487 0.461

129/126 35.37 30.24

'Mark-11ifuel subasemby.
1Ratio of total %olume of stable mission gas ( () to volume of tag gas (TG)
as loaded.
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TABIl XV. Results of Xenon-tag Analysis on I)ecember 22, 1977

I)Deterii ned
Irom

Cover-gas
S, 'lple

Predicted for X291 at
Peak iurnup of 4.6 at. Wo

0.82

0.035

27

29

Xenon V oll illc, ill I
I ;Ig V ollnle, Ill l

k , I G ratiH )

ollire (d ga III

clemietnt perrnI, il
Xcnlon 1"ol ipiC lailiG

131 134

134 133

129 128

129 124

128 124

126 124

129 126

0.451

557.8

7.14

30.69

4.13

).38-'

79.8

I IelllllII- bt lded cal hlde ,uba selIbk\.
rano of tal \I lnme of ,table fission Vas

as (railed.

20

21

10.438

9.94

31.12

3.13

0.452
68.85

(G) to volm 11W of tag gas (TG)

I.xcept tol tire sodrui l -hided carbide ,ubasslelbly x29;, at a peak burnup of' 4.6 at. 070, none of the
f ission product Iclease, produced detectable delaed-neutren signals. [ihe deli yed neutron signal produced

iv the breachii rIn \291 as 20 C 'LMIs s a)0Le background. Because the subassemnly .,as emilting dela)cd
neutrolns ard tas adjaeril 10 tIo Lol ifol lods, the flux-ril:iri' test could be Used to confirm X291 as I.
fission-product source. I he olier itiee fission-plodUct ,ourLCe identified h\ their uniqllue xenon-tae compo-.
tions din ing runs 91 arid 92 ~ere MO ieiInrrtI-borded nitride suhirbasseirbies (X282 and X294) and sodilln
bi wided Mark II ,uiasleinbl\ X235 A ,i i lk er c at peak but munip, of 5.7, 3.5, a rnd 9.2 at . 1'' , respect iclV.

Ilable X I 11111Ia L/e tie blelached elements identified dutlig potilnradiatior c\arllllion.

1 A HI. l\ I. Summary of Elements Breached in Runs 91 and 92

Nulubers of
ICI reached Ilemrerits

29( arid 014S

21

13, 14, 43, aind 55

17

Breach I ocatin rr

In knonnl

nuel column

1-Iel Colut n

I)rmirple aIea

I-uel Colunlnm

()serat nons

'encl\t loss;

Visible crack

Visible crack or
scrat, h
Weight loss

Vikible crack:
glr gall of

1.0' g

s iihiasut il
Number

X214

X282

X294

X291
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F. Subassemblies X206A, X154A, X271A, X342, X2031), and ('-2884A (Runs 93 and 94)

Intermittent releases of long-lived fission-product gases %ere observed during the last part of run 92 and
persistLd through run 93. 1 his period of operation covered .lanuary-Miarch 1978. Six xenon-tag samples were
taken from the co er gas during this period, but none of the analyses positively identified the source of
release. Table XVII summarizes the results of the analyses, and ig. 2 maps the tag ratios of the samples.
Some of the sample compositions w ere similar tn that of the xenon tag in subassembly X206A; others could
ha e heen a mixture of that tag w ith the tag from subassembly X154A. Both subassemblies contained mixed-
oMide fuel elements that had a lows enrichment of U1 and fissioned predominantly in the plutonium. A high
leasu red t31 Xe ' 4Xe ratio in the cover gas is indicative of a release from elements of this t ype. Thus, an cle-

ieilt in either (or both) suhassembl ies could hase been the source of release. The volume of xenon tag
released at any one tine w\as too small (0.028 ml or less) for further identification, and the reactor was kept
rliliing until it s ias shut dom el on March 23 for scheduled annttal n;aintenalce.

30

* CORRECTED XENON-TAG RATIO

X206A NUMBER OF SUBASSEMBLY CONTAINING INDICATED XENON TAG

o ANALYZED XENON-TAG RATIO IN PRIMARY COVER GAS

3 13 DATE (IN 1918) TAG SAMPLE WAS TAKEN "

20 -

e"
0 "
I-

-ex

10 --- " * X154A

X206A "

3 130o 124 "

X206A '25
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I i E \\1 II. Reslul (t \enon-lag Analues in hanuar%-March 1978
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Overall, siuhassembly h 154A was the most likely sore It the release. Ihe measured I Ie' 1Xe ratio of
0.455 indicated a predormirraitly plIttoimum-fissioning source .r Ornding Consistent wit Ih the Lw UI1J enrich-

ment in \154A. Altlhough tie match factors (nrmerically ieto 1ot a per feet natch) for all three primary
suspects (N154A, X2031), aind X227A) wk ere sinilai, the e il It w elhed lat ch factors (hased on m1ole
percentages of 1\e, I"e, Xe, and >)Xe thtr hake been eqiualls weighted by statistics) strongly pointed
to sbuhassetrbly X154A . Nevertheless, to ensure a clean core for tihe sourc test ca. ibration, all three
subassenihlies were rerioved to the storage basket. It ~ as hoped that isolatiort testing in tie HIJN would
tni(luely idenitify the source subasseIrbl\

Iirther aralv'"is Of tire \crion-tag data for April 15 aid 16 'JIsh\ed that ihe mllach lacIo for subassetil-
bly Xl54A could he reduced suhslantially (from 3.12 to 0.27) by accornrt irg for coitainriation front
suhiasseillbl\ X206A, hich itppeaied Io have leaked during ruis 92 arid 93. I te maich factor ak as rt1 reduced

fo su basselies X2031) aind \227A wMlien coritaritiriat ion fr otri siihasseill \ 206A wats assuinied for eacti.

The redtuctiot in match factor was taken as additional esiderice that X1 5A w\ as primarily responsible for the

release on April !5 and 16. A Ioal fisiorn-gas volume of 98 fil \%st obtained Iut 'uhassermbly Xl54A; of
Iris, about 27 il as obtained aftet tle suhassteIbl\ thad heell reIIoed i t Ie reicfto stotaec basket. These

\alues indicate tIhat p(hah \ rore thtait (rli eelleitict tad aeit.

Atiother possible cause \sst the sinlulaaneus or niearr-sirilutarcotrs release front subhasse''thlies X142 aind
X2031). I his possibility\ s as Liter discounted hetcause (I) situltatieous major releases ha e very low probabil-
Ittv, (2) Ithe e\pecred Xe 1

ie ratio of - 0.444 wts to sirall c impated to tire ineasured \alue (of 0.455, arid
(3 stium a1)alssis later sto\%eI a large 111 1 release (4.405 n( r (- 16311 iK) per gram Of sodinrum hetw5 eern
Apr il 20 and 26 without accompanying 137(s release, a behas ior typical of that for a release front a loss-
hurnurp tiel element . I he latter diast :Idicated that the release from subassembly X342 did not occur before
April 20

he reactor \%as resIta ted at 2340 otn April 16. As it teaL thed frill pome at 1055 ott April 17, increased

lission gas cti \i\sl in the (o\er has Lirdicated that Ilere \s%, art atI\e source |In tie core. A \eilor-tag sarll le
was taken hetseer 14(X) alid 1530 on Apr il 17. Arralysis of the sitiple indicated a suitstaitial sttift iii composi-
tiorn trom Ihat of the sample taken on April 16 and towid that for suibassembl\ 271;A. (See Fig. 3 and
I able XIX.) When tihe contarinitation from \l54A, rosw in tIhe storage basket, s assuritied considerable
(55O0), the match lactor for subassertbl \271I \w as ().07. I Ire total fission gas release was ibout 28 nil .
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T ABlE XIX. Results of Xenon-uav Anal,%e% in March-Ma} 1978

Samplng Dite (19--)

FERD swinai

Xenon in coer
gas, ml

Tae in cover
gas, mL.

FG. TG ratiob

Volume of ea>
in element
plenum, mL

3 13

No

4 16 4 1 4 21 4 23 4 23

No No No No Yes

1.23 38.8 20.2

0.014

101

0.65

69

). l 1

122

0.03

I1

3.66

(.032

131

4 26

Y cs

3.3 1.3

0.054

' )

0.012

131

51 54 56

No No No

1.89

0.0 1

128

6.-S

0.038

20

10.48

0.010

ITO

r 9 5 12

No

9.84

0.011

1028

No Ye,

9.66

0.013

854

03-230 69-138 122.244 1 1 .'1() 131-'62 -0-140 131-262 128 26 205-410 190-340 1028-2056 854-1 T8 19-358

\enon isotopic

ratio. in cover
gas

131 134 0.463 0.455 0.450 u.444 0.4~

134 133 993 3164 1693 162 5.4

129 128 4.66 60 4.-6 4.98 4.1

129 124 34.10 62 58.7 455 31.65

128 124 -. 31 9.21 12.33 i1.15 10.59

126 124 0.382 0.58s 0.521 0.61 1 0.549

129/ 126 93.3 106 113 00.8 94.1

'Mav have been contaminated wth C(O.
bRatio of iota. %o l ime of stable fissiorn gas (FG) to volume of tai!
'\enon-124 and '%, ". c not measurable.

0.442

6-.66

6.81

0.412

IS.24

';.9-

c

C c

gas (TG) a, loaded.

0.436

433

5.91

9.83

0.362

161

0.424

SO1

-.58

63.0~

9.333

0.407

155

0.428 0.418

5,1 ,S3

.681 2.71

59.26 c

~'-7 4 c

0.400 c

148 c

0.416 0.443

674 3858

3.02 3.64

49.-5 6!.81

16.50 17.00

0.500 0.677

99.50 91.23

14

91.9

0.59

1,9
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A after the initial release, the short-lived I "Xe activity dropped hack to its expected level wit h t he source test
in the core; all other tission-gas activities, however, leveled oft ahose expected values. T he reactor was kept
running to obtain further diagnostic information.

During t flux-tilting test on April 21 to deetmine the response of the upgraded FER!) system, a bubble of
fission gas w as released from the core. I ag-sample analysis indicated that the I"Xe/ I 7Xe ratio had changed
from the press ious value of 1693 to 162; it was therefore apparent that the hubble contained fresh fission gas.
Xenon-tag analysis showed that the tag comipositi'm has shifted toward that for suhassembly X206A. (See
:ig. 3.) Two additional tag samples werc taken on April 23 after additional fission gas was released during

other flux-tilting tests. I he low 1 t.t\ ,"Xe ratios of about 85 and 68 in the samples indicated a continued
release of a cry fresl fission gas. [he shift in the composition of the 0.032 ml of xenon tag in the cover gas
toward that for subassertihs X206A (see Ilig. 3) was prohahl\ caused by a release of about 5 ml of xenon
fromr that suhassemhly.

lo induce enough release of xenon tag f or accurate mass spec onet r', , the reactor power was reduced

rapidl to 30 IWI at 0630 on April 26 and Ihein raised to 62.5 \W I Ihe cover-gas acti ties increased ap-

pteciably duryi the power increase. In addition, the dela ed nentto monitor 1-R1) had already recorded at
56 N\Wi the expected signal from the source test at 62.5 \\'t. I he react or was scrammed at 0730 when the
HLRI) signal finally reached the sittdowmn limit. Anal\s.s of ia xenon tag sample taken after shutdown in-

dicated that the released fission gas was er fresh ft1Xe "\ e 8 21).

Although the atnoulrt (if xenon tag accorrmpanying the release Was iisufficient to atlo ieasurneient of the
mole percent of 24Xe and 12 Xe in the cox er gas, t he increase of t he 12"Xc " 2XXe ratio from about 4.9 to the
range of 5.97-6.81 indicated that the 1211Xc'' t

2-\e ratio for the iew leaker had to he 25.97. 'I le probable

suspects were suhassemiblies X276A, XX08, X341, and X342. Table XX gives the pertinent information about
these suspects. Since there was no obvious indication that rapid sodium release accompanied tle I FRI)
signal, subasserimblies X276A and XX08, containing sodiut-honded fuel elements, were dropped as suspects.

)f' the two reitairtinig suspects, subassenhly X342 \%as the more likely leaker, because of its higher burnip
and lower oxyget/met al (0 \1) ratio.

TABLE XX. Suspect Subassemblies with 129Xe/1 2xXe Tat Rtulios Greater than 5.97

11eak initial
Suhassctbl\ I-el Bond Maxiuri I .iinear NlIiimurm

No. I ype i 'pe Burnup, at. "'n 1)ower, kW,' fl' 0 M Ratio

X276A ('arbide Sodin imi 10.2 23.8 0

\X08 NMetal Sodium 3.3 7.2 0

X341 Oxide Hleliurti 1.4 11.7 1.93

X342 Oxide Ilelium I .- 12.0 1.91

'(ornversion factor : I k W ft 3.281 k W / tt.

[here appeared to he at least three active sources in t he reactor core. I he moost likely suspect suhassemblies
were X206A, X271A, and X342. These three were removed along \kith subassembIv X229A, lhich contained
oxide fuel at 13.9 at. ' and was taken out of the reactor grid because of its high failure probability. Ifie
fission-product-source experiment (X288A) was also removed. 'lIe reactor was restarted for run 94(' and
reached full power at 1401 on April 28. I he absence of abnormal cover gas act it ies indicated that all sources
of activity had been removed.
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Subassemblies X203I and X227A w ere returned to Ihe core for run 941). 1)urmng startup, above-normal ac-
tivities were observed for hort-lived isotope, a ahout 20 MWt. Short ly after full power was reached, the
fission-gas activity begani mcreasing rapidly, and an increase was also seen in the FERI) signal. By 0552 on
May 14, the FER!D signal had increased to near the alarm limit. Run 941) was terminated by an anticipatory
shutdown. Analysis of a tag sa m ple taken ii May 14 indicated that there were about 92 il of fission gas and
0.59 ml of tag gas in the coyer gas. With subasembIly X229A in the storage basket, the most likely suspect
was subassembly X203I) rather than \227A, which had the same tag, but contained elements with lower
hurnup. An increase of cocr-gas act IVit v obta ited while sibassemhly X2031) was raised above the core fur-
ther confirmed that this ,ubassembl\ was responihle for the release on May 13 and 14. Only that
,ubassemhly w as removed to the sIorage basket

Because of the large difference between the tag coitpOsitions in the April 16 and May 14 samples (see
I able XIX and I ig. 3), the Iclease of fission gas romi suabassembly X2031) during startup did not compromise

thc. prec ious conclusion that Iuhassembl1 X154A had been reponsible for the fission-gas release on April 16.
I he total lissin-gas release f or May 13-15 w as calculated to he T\ er 2W) ml ; the magnitude of the release in-
dicated that there was probably more than one breached clement in subassettmbly X2031).

Subassembly X229 was ret turned to the ewe tor run 941.. At full power. the short-lived activity remained al
or below background level, ,o the core apparently w as free fd leaker.. (lb process of elimination, a Mark-II
subassembly, C-2884A, with a htnup of 8 at. , was later deeri nd to le responsihle for a log,
background release of long -led actslity at !his tme i

Suhassembly X342 had heen initially coinirined as a leaker liv the activii i and xenon tag it released during
the 'hold-and-blow" stage of the IUM isolation test. It was finally confirmed as a leaker by reinsciing it
into the core for run 94H. I he reactor was manually scrained at aiout 30 MiWt when the delayed-neutron
signal resulting from the leaking X342 exceeded the normal startup limit.

1 here also had been soie indication of I"Nc release from suhssemly X206A during the hild-and-blow
,,aze oIf it, FUMI isolation test. However, the IhUM Iests for subassemblies X27 ,A and X154A were negative.
Sinhassenhls N271A was later returned to the cor !or further irradiation, but no confirrmator fission-
produ c t lease was obser ed. Wlet her there was a cladding reach in suhassenly X271A that later resealed
can he determined onl\ by postirradiation examination.

lahle \NI sumnai/cs the breached elements idenilied b\ potirradiation examination. Such exainina-

tions hase not been perform med oii subasemblies X206A, N154A, and X271A.

TABI . W I. Siummarn of Elements Breached in kmns 93 and 94

SUhalassemyhIs Nium hers I Breach
Number Br eached I ternens I ocation ( bservatins

X342 I)1 lust above mid plain: Visih -rack
of fuel column

X2031) 12A Fuel-column region Vihl .rack

A:1 nd 64- Suspects; I i or itore

wc'Itghi lass; low
1"\ activity.

C-2884A 27 and 35 Upper weld I: xallat ii has not
been completed: breach
,.ie was located by
pr e su.rizali n
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IV. SUMMARY AND CONCLUSIONS

D)u ring tihs r eporting per iod, 18 s uhassemblhliCs were suspec ted to contain one Or more breached elements.

Postirradiation examination of 15 of these suhassemblies confirmed the presence of at least one breached ele-
mrent in each. The 15 subassemrblics included six containing reference (side fuel, one containing advance ox-
ide fuel, foui metal huel, Ito helium-irronded nitride fuel, one helirurr-hoided carbide fuel, and one soim-
honded carhide fuel. I so of the three suspected leakers contained oxide fuel, and one cotaiied metal fuel.

Suhassembly ('-2884A contained the first confirmed breach of a metal-fiel element manufactured by

Atomic International (Al). failure oh the top sweld in the stihassembly suggested that Al metal fuel nay
breach differently than ANI -produced metal t uel. Subassembly X246A contained the first reach ol sudium-

honded and smronded car bide fuel. Tihe hirst element breach in a -plted oxide subassembly teas It
XI54A (If the breach is conirmed In post rrad1iioi e*-m~iation).

\\herr the i siotI-gas release is isolated and substantial, identification hy xenon ta! is quick and unique. It
the release is so (as has been the case for most carbide tuel, nit ride fuel, adsaiced oxide f uel, and metal Iuc.

, nih top weld allure), Ihere is a large uncertant% in xenon-tat anal *\is. A prolonged search Ior a leaked s ith

a slowk fssion t.as release increiases the pr ohabitirv of multiple breaches It otrm a sitlule subasemihl or ses cial
subassemIbhhes.

lDetect ing tile presence oh multiple tags usually \ from different subasse1blies) in the cover ga> s wa not dif
frcult kith treqruent sampling to detect shift, of xenon-tag comlpositions. But to uniiquel Ideti all the
xenon ta sources required sophisticated analivss. Sorting out multiple tags is ser\ difficult-especiall for

I lb-Il, because xenon-tag compositions used in kBR-I1 are not designed for identificaioii of multiple !ag
releases. The cumIpnter I rogram MXN I AG, has been helpful on many occasions. 011-line mass-spectrormetric
analses of coker gas (M ien as ailable) ss ill als help. Blnt the confusion \ it mixed tags cannot he eliminated.

Detecting multiple breaches from element \ ith tire same tag is also difficult. lPostirradiart nin exaninurt i
showed that three and possibly four suhassenblies contained muliple hicaches. Although during the leaken

search there ssas suspicion oh multiple breaches in the satie suhassenihl\, there s iot Cimnigrh concrete

e idence to prose the case.

Nmore multiple-tag mixing is expected to he encourlered in :he l future iI 1t< Il because:

1. un-hev(nd-claddin g-reach (kl3( II) tests will be in operation.

2. Many subasserrhlies near end of life w ill he in the core.

3. Manw adk anced-fuel suibassemhlies that tend to have a sloM tate ot hiion-gas release % ill he iII the
core.

4. I-or case in ideitifyintg a reached eleienit during postirtatdlatroin e .itnlination, expetitnenticers la e
requested irradiation of the suhassembl\ containing the elemireIrt uril stifticient piclnun gas has beeti

released.

5. The new% cover-gas cleanup system (CGCS) allows RBC B operation until sufhicienti tag data ,tie
collected instead lf taking the penalty of shutting domn the reactor to reriove soMie suspects

During April 16-May 15 of this reporting period, possibly six subassenblies released fission gas. As dis-
cussed in the previous paragraph, such frequency of fission-gas releases can he expected in the future. Uncon-
taminated tag samples and a clean core can become rare. To confirm that the subassembly has breached, the
lift-and-hold and FUM isolation tests, which proved to he valuable during this reporting period, may become
a standard operation.

Activity of 37Cs in the primary sodium has been kept at a low level ( - 30-40 nCi /g (1.1-1.5 k Bq/g)] by the
cesium trap, which preferentially adsorbs cesium on a reticulated-vitreous-carbon column. Primary-sodium
activity has not impacted direct l\ on plant availabilit\. Downtime caused by identification of breached
elements was near its lowest possible value.
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