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Irradiation Experiment of Coated Particle Fuels
by Sweep Gas Capsule (I} '
{Irradiation by 74F-9J Capsule)

Kousaku FUKUDA, Toru OGAWA, Satoru KASHIMURA, Katsuichi IKAWA,
Kazumi IWAMOTO, Katsumune YAMAMOTO®, Hiroshi SuzUK1®™t, Hideo MATSUSHIMA™Y

Department of Fuels and Materials Research,
Tokai Research Establishment, JAERI

(Received February 2, 1984)

This report relates to the first irradiation experiment of coated parti-
cle fuel by a sweep gas capsule at JAERI.  The main purposes were to study
irradiation performance of coated particles by measuring fission gas releases
under irradiation and to test functions of the sweep gas system.

Samples used in this experiment were the coated particles which had been
fabricated under preliminary design for VHTR in this country and England.

The domestic particles fabricated in 1974 were irradiated up to 1600°C, where
the fractional release of 85mKr was 8.3x10'4, and the English particles
fabricated also in 1974 , up to 1120°C, where the release was 6.6x107°.

By the fractional releases of fission gases, estimation of failure fraction of
coated particles was made. In PIE, the failure fraction of the coated particles
were neasured by surface inspection, X-ray microradiography and acid leaching .
Consequently, the failure fraction of the domestic coated particles was in range
between 1.5x10™° and 4.5x10_3, and that of English particles, between 2.7x107%
and 9.2x10'4. Besides the estimation, release mechanism of fission gases

and I-Xe diffusion were discussed. In PIE,release of metallic fission product,
]37Cs,which had been absorved by the graphite container for the coated particles
in the capsule, was measured and the fractional releases of the nuclide were

obtained.

Keywords: Sweep Gas Capsule, Irradiation, JMIR, Fission Gases, Fractional Release

Coated Particles, PIE, Failure Fraction
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RSB ORSHTIE R A Table 31T, FHEN Py CBICFRNES Shic gk e
WTORERERATable 4iC/Rd, Table 4 OEHRHEOHERTHE, 1 FNBORETSH A
B, ThoOBBHELEZ (OBRERH S LT, BEEOKESIHLAT, WRBICE
BRESEL TS EELONAR T, T4UCI—-N1KETH S, Table 4 KHOGNRA
73FC 1 OBEEHERIE, HBICHBEBEL T X 100 BETHD, Table 3R AWl 7E
EHERE (20 x 1007) CHRTEEBEDITKED, FERIC, Table 4®T4FC]1 OMEEH
ILFI 1 % 1077 (LEME) T, Table 3 OFEMEFRE (1.6 X 107°) K RTEDSLHKRE
o Table. 4 iCR LAt REICEFE PR NI RBRFONE AL Fig Ticmd, TBFCLP
74FC 1 OBEA PyCEBOFH (metallic luster ) 3B NXREEL T O, BREEFHEEREL
TRV, BEHEOREINLATH, Bo U7 vTHLVWALEDNS, COT 7 ¥
DR EEE LT, WEBEE DB BN TR, mEdicl OB T &<



JAERI~M 84 — 054

2%, BUMNLC &09EA 515,

CORBTIE, COLIBERMPULIIREAII Lick, SICBICLHRPECT S
73FC1—No2, TAUCI-Nol,—No 2 HiFIXEBBHEE A7 L,

Table 3 KART Y 5 v ERERUKBMIEEE 2 THS (fraction) &L THRL TV B,
T3FC1 T, BEPER (C.C)0ETRHLNEY, CHIIMARCIRD SHED %
SICEE (D, D/) T, Maick - TELENMOERMR cNE, T4UCT T, MEC
Lo THEEWIBRE o> T, (D &,(D) ol obirs L dic, SICEE
BREMBICE > T2HRESEEMLTYV %, T4 UCT T, KA T T 6 T oHBMHER
HE, MBI L - ThTruAeEBiL TusLITHD. £/, SICBHBRETE, T
FC1RETEMOA, M0 KIBLEISR S0,
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Table 1 Characteristics of samples for irradiation by
74F-9J capsule.

73FC1 74FC1 74UC1
Material UO2 UO2 UO2
Kernel Mean diameter ( um) 487.8 493.1 495.0
Enrichment (%) ' 8.1 7.9 8.0
Ist Tayer Mean thickness (um) 37.7 43.3 40.7
(buffer PyC) Density (g/cmd) C 1.11 1.09 1.09
2nd layer Mean thicknesi (fjm) 27.2 31.7 30.8
(LTI-PyC) Density (g/cm”) 1.84 1.83 1.83
3rd Tayer Mean th1cknes§ (}Jm) 25.8 27.9 27.4
(sic) Density (g/cm™) 3.198 3.20 3.195
4th layer Mean th1cknes§ (!Jm) 41.7 42.3 44.?
(LTI-PyC) Density (g/cm”) 1.81 1.80 1.83
Mean diameter of coated particles | 751.8 765.3 790.0
(/um)
Weight of sample (g) 11.08 11.12 10.86

Table 2 Results of non-destructive pre-irradiation examination.

Sample 73FC1 74FC1 78UC1

Number of defective particles
in the sample detected by

Visual inspection* 18 nd 62

X-ray microradiography* | 42, 2¢ | 10,29 | 1P 2¢

where, defect types are expressed as;
a ..... microcrack, C ivuee no buffer or inner PyC layer,
b ..... no SiC layer, d ..... defect of SiC layer,
nd ..... not detected.
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|C0ated partic]es] """ = Flow of out-of-annealing

i test
[X-ray radiography]
4
[Surface inspectionf-------=m0ut-of-pile annealing
(under Ar gas flow, at 1600°C,
for 500 h)
i
prmmmm {Surface inspection
§ oA e e e e ey
Coating failure of Outer PyC Intact outer PyC
[ C.C' & E,E'] T —— 'l
_} & Surface uranium contamination
Separation of [C,C'] and [E,E'] [A]

!

Uranium contamination in
outer PyC, [B]

———————y ¥
Coating failure of SiC &

inner PyC, [D,D']

r—_—..._-... [ ——

Fig. 5 Flow diagram of pre-irradiation examination.

(D) SiC & IPyC failure

(A) Surface contamination
> _
(B) Contamination in OPyC

[(C) Through—coating failure

Fig. 6 Defects and contamination in coated particles.
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4.1 BEEOEE

TAF— 8] % » 7 £ L OBE 7— 4 % Table 5T EHT S, DF ¢ 7N, 52 Fip
%%ﬁc#ﬁtﬂﬂﬂ&%%ﬁﬁﬂiM%ﬂT3ﬂ4awmbkotﬁ%ént%®T,%@
PERHNEORERREDBERE 1600 CKE L, LBARRS » 7 VvBFHICAA =77
ZEMPREL, F-H8E ﬁﬁ%ﬁtttm HAAAL —FEEB T EHBIERID 72, P
RUTBRONES + 7er3+9, FOMER2EL, RECHNAEST 5 &k

4.2 FEAE

TAF— 9] % » 7 £ VOBEHRE OBBLELA Fig 8ITRT. B0 T &<, EERARORE
WHA S BAERTICHT AR L f- - o IREBRE AR L T 7anAs, Table 5 K2 DHERE TR L
TVWh, DERMEICERLZT4FC 1 ORSEE ™2, 344 7 A THRS 1300°C TH 515,
Fyd 44 7 VTR FP # 2 RIBOREREEETES o OB A RS 1600°CE T EF /e, —
. FERE®T4UC | ORERER, %42, %1344 7 A TEE 900 ~ 880°CTH 445, ™ 44
T3, MENEORESEICE - TI120CETELTS

L LS, 20+ » 7T OBREAE vy — T, RILDHEOF v v 7LICHER
?ﬁﬁﬁéﬂfwétmm,#%vTKQWM&KM&TMEE§QE)ﬁmﬁDowtwéﬁ
DEEALLNL, CENGTCHET T, hBAES + 7L TE AT =~180C, FBAH+ +
TN T, AT =~130CTH -7z, T ITH, PARDEEELTRY,

43 SHETREE

BT RUOSEGEFESED + » 7V ERICE T 253 H% Fig. 9 1CRd, #Hpfr

TEB4EI2 017 %Co —AL 74 ¥ £=4 — %\, ®Co (n, 7)*Co HIic &k > THFTEC
CEREN5.28 ) OERBAE Y V7 =9 LRIBEBIE S r BOick 0 ERL, TORREE =5
MEBTOPEFRARCERELAZLOTH S, AhEFREEBEHDHDYCo (n, 1)*'Co K
I DR IR 0 (E) T3 25.7 b Db,

—%, EEPHTRARE, H74 2T LLTAHL, YFe b, p M MnRIGic L > THE
CFAMMn CEEIISISH) OERBAY v aBRESBIK LS T BANMICKOERLALLDT
5o mRtE Tﬂj’ﬁl‘@ 1 MeV LLETHRS S feds, C@%Zu”jitﬁb\t“Fe(n p)** Mn
O R MT TR 0 1.0 (B)1F 73.0 mb” T d - 72,

Tmm5mﬁ¢;5m,%%$@¥ﬁ%5®k%h¢ﬁmﬁ#vTtwt@ﬁ$%¥@%§
12 0.2 % 10%°n,6m? (E <00.683eV), M TR EE, 7.1x10“n/Cm’ (E>0.18MeV) T



JAERI-M 84 — 054

B, COSHEDETREREII, SANSEFM A ERFCBIIERIRSRHEREBEALR
UTH -7,

4.4 R

PRERAE RSB TO r AR7 Fas ) —iC&-»T, WHBELEROWERNTH 1005 %X
W5 U ST TIREL, CDFIATT 7 41k UOHAERAL TV LB TR ER
N, BIEEOMEHEOTE, BET— s AEELT, COWBENTEAST AN P A
L UBTRABE U, —F4, 7 A7 b LOFPHEOERIRICE,
SPECTRAN-F 7 - FisfEihitc, MESRITEICH %I, ""Ru—"Rh,*"Cs B LT
14Ce 4P ) 3 RFITH B, PUAHEIGIR I ®Ru S LT M Celt BETOBEEERL T,
106 Ry 144 Ce DR FHA BRI, BERRU PuEARESGOR B HEOFMIC VT
i, XEOAEBE sz,

Table. 5icmd L5k, T73FC1, T4FC1RUT4UC T OBERE, £Theh 139, 1.9TK
F1.43 % fima CH YD, HEEC 52 PUAHOEGEVTNG 10 BT TH -7 FIC,
MR F « 7 MR L 72 T4 FC 1 OMgeRIE, S TREREFKC, ZANSES
ZEBIFORGBRERL B EACELETH T,
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#42 eycle #43 eycle #44 eyele
1 1 1 1 0§ T 1T 1 17T 1 177 1T F T 17T 17T 1T °F 1T
3‘: 1500 + —
& 74FCL (middle) b
té [ — I_\ ]
1 ¥
g | i
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g i r=1
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5 1000 74UC1 alt 1 F
b (bottom) r') : |
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Irradiation time (h)

Fig. 8 Valiation of irradiation temperature of 74F-9J capsule
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Fig. 9 Distribution of neutron fluence through the capsule axis.
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5. FPHAOBH

5.1 FPARIKHEOEH

BE B TH SIS N A FPH 2id, ZORTHOFPAAEREDHWRITE - T, 1)
HEE L THEbENS, FPH 2 DERIE, HEAPOEEREE, s GEED SR onici s
URABRUIRAA —THZ «+v7 ) v VHEBE2ZEL TRH SN 5, FP HRPUHERE
DEEEUFOLSICLTRS ONF0

O SR | [ 0D
o K M L A A =T A A
VP I
A R
HFH S 0MW B o
SR
| i AA—THR
7Y v IBORKMNOF P A W,

FP & = Mt H & &

FP # A HF=R B

HMEBRZORER, “EHABHO~N) T AEER I REEL, MTHORERY F v+ 7 4
EAATIEE LT, GENGTIC 2 — Fic k3 —/ktiltBic k - T, BEBEBAKNHI-, BFIFEAHNIC
TR A REIE ORBL, TR AEAHEPRICELET 3 7 v <B4 EDR
LTS, WO H R EIZEDETHL, DLEEEATEL THEONIRARL,
WMEBEAEMA I bDTHBH, BAREBYOKARHL1:HDEOE, REDHTH S, #H V=
WREHEE LTk, IMTR EEHHICERTRS SNAMEAEO I L, BEHAL (M- 6) T,
WHRAE—2BELTEow g TH-7

(1} FP# =ik

BHETTOWEN THNDFPH 2 BOBRHZIL,
FPE OB RIZ b= 45k — i — (1)

TEbIHL 5,
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2T, ARk B EBERRUMEED S OEIRIC L B RBEEN
MY - HRERIC & B THE & i TR X B TR
TH Do '
= YXF L = AN (= (Aheid) N, HiH= LN &8 <L, AR

N.-
A L= ¢¥F - A"Ni—- LN, (2)
dt ‘

TERSN D, CCTRLEDEDERE, COEOKRDIC—ERE L TRLTWS, EWRE
BT, AN/di=0TH 50T, 2Rt

YiF= 4N+ LiN; 3

TH D, WRETAHEICOVTH, 4,=152X 107%~21x 107 (1L /8ec) THHDIIL,
L I2RER A ~ 107 (1/sec) TH A EDb» T 30T, G

Y = N ' (4)

s A,

AT, bbbk H, HHEE (R/B)M I, FPHAMMER &EFERE & O
K&ofﬁ%éﬂ%oLhﬁﬂZ}R/Bﬁ@ﬁ%%%ﬁéé.
‘LiNi B LN; L;

R
B = = = = (5)
B YiF Ai F A

Lt B, A4 —THARRTIE, RHEEEERICK - TR, HREEEEIREIC K > TR
7o

2) fobsE

FP 2 DR HGEE I 2 4 — 7 4 2 hD FP#H 2 BEH LR o545, FP A AREZE
FAHEELTH, Wy 7Y v 7Ry nicz g — 7 A2 -HEFNL, £ OBRMEREE
¢5,®14—7ﬁ1¢®FPﬁzé%vﬂ—W,%ﬁvfmﬁﬂLt®%,iV«UVﬁ-
B M AR, RUBIA Y e Y w7 e £ NV RA - T A AABERL, IR
ORIEAEITH, HENHL, 0L HHHELDRIERRICHLT, (LN & 24 —
7 H A RO FPH R ETE (N & OBIFR IR L - TinE b,

LiND
Ni© = . st fvse_’“dv (6}
Tm .
Ap B)=NSefee?T 2 TE7E)+ f e*dt {0

0

MF—QJ##?ﬂW®%%,ﬂVTUVf®ﬁ%HLﬁLtmT%5®T,@&@md

Release rate
Birth rate

¥+ R/B=
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. (LiNi)
Ny =—

s eiTr. vy ®
q .

1
p (1 —e~4Tm) (9

AQ{(E)=N'ee Tce 2.TE) » 7(E)
QRXT, Hy 7T vy e #bLOFEDSE LGNS FPHROFHEE (ApE) - 1) 5 NS
R, &I ZNEB - TOIRD S HHGEE (LIND PR oN D, NT BRdo0BS

5IXOR/B L

(NFeq,/ V) eeTt
N A N

R/B {10}

“H5A BB, TAF— 9] ¥+ 7€ATi}, g= 100 cm®/min (= 1.67 cm®/sec), Ve =2lnt
Th b,
(3) EHEHE
FaRL Ak HIc, FP A AL, BEMAEIC & 5RHRE % GENGTIC 2 — FTH
L T bR AREHEI A, Q&b SILRATRD 505,
YiF(=HNID=Q-LW-Y] 1

TAF— 9] ++ 72 Dis, REARES, £,=87cm, 1 W sec H7-0DERRE,
W = 352 x 10'° fissionS, Wesec %{f -7,

L2 AT, 5ETR/BOERICE, ERENEHERETHS (ANiALt=0) LT, &9
Bt o Tk, EEHRETH, BHRECRKTLIICR/B I, L/ 0ATROSN, HWHEA
FHOFPHAE, N, KiHEE LS hrot, UL, EBOFPHRBEORETIE, A
BATCFPHABMNEETHE BB, 2T, Bt TOFPTRER,

Y4F e
(e (LYY 42"

N':
oL

THREhB, TTRELALIE N> THEOT, (12)K

Ni= &= Y*F (1 —e?it) = iKETHE 12)

Lt a. 2R TEA 515 KA % GAMSPEC 2 — KTHEL, #1: LTz DEIBE(L %

Fig. 1010mt, C CTi, RMEE 3220 W& U7z, *"Kr, ¥ "Kr RO Kr 813 B 5155 fids
1 HBRL ZBICREEICGELTED, P Xe B3, 3HBRFIIEFCEL TS, Lo L,
13%e 4 FAGIERRESS 1 BMATE COHSHEMLCEY, EFCHET 20 RiFH
BB EARLTO S,

EEMPRETORER (=(R,/B)sta.) EEOKHE (=(R/B)real) BT L7/, L
FDC & %10 (2ROFLIE L 21T 5 &,

LiN; L

F = (1-e4"1) a3y
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. L:N; i
L5, ﬁﬁ(tﬂ$ii, (R/B) rea]-—Y , (R/B)staz'lT'—fXDZJ@—G, (13’) Add
iF i
(R/B) reat = (R/B)ara (1—e-2 1) 13

L1520, (R/B) rem {EIBEISIIC K L T Fig. 9 1R Lo N, OFFRFZE L & 6 Uk S RALT %,
3Xe D (R/B) reat !4, BEHES AT (R/B) 510, ®~30%, 1BRT~40%, 20HT93%
Lih, W Xe BIHMERICET BicE, DL b2 BUERDH BT EBDE Lo

5.2 FPHAOHHER

24 = FHADF YT ) v, TTIERLE L, DR TRASF » 72th 5002
54 v ofibhit. Fig, 11i0iE, 1977 H12H 2 QICTFRAEF + 7« 7274 V5
T T LA =T HAD r EREDRATY, CORICRONE LS, TMF-9] F
b T D RA - THAPORETHES FPH 213, % Kr, ¥ Kr ¥Kr kU ™ %e ' Xe TH
D, COEFECE SN P Cs M Ar, OKr KU Co RAIERBED/ v 7 77 Y FTHD. L
b HhiaT, TAF- 9] %+ 72T Kr LU Xe ® LI 5 HEI DV TRBOAEERTT27%
Table. 6 I2id, 205 5 EORMRU r ARG OTHHREL LH TV 5,

FP # A MECEIEE, Faitic 10 ~ 21 [B], BFFEIkhic 8 ~ 9 BT, ZN o5 11K
L= Fihic k0 R/BICAH SR, 72720, FFFEIEHO FP A 2 A RGEE 3 # LE IO
Affiatr, T4F- 9] %« 7w hENEFE v 72 ic & LI T4 FC1 Skl 5O RSB &
Table 7.1, FRAS+ + 7 icERH L TAUCI &P SOR/BE Table 7.2 I0F &
BT ND, 7, BIELIHEORT, ®PKr & 1% Xe OR/B ORERE(LE Fig. 121077,

Fig 12 iR L7z FPAA BRI TH, DIFD k5150 EHRE BB, T42494 7 VHIETH,
TSR E & R/BAEE 1075~ 107 ORTEOER Lo, ®kicias L, HKT4FCIORB
EREMASAE C, FHTAUCIKBVTS, by BB cid. #4344 7 LT
R OR/BE & RIEFFETHLN, 444 7 McisE, HiC TAFC 1T BAREDOR
Bir R & b - TR/BIESES LML TW5, Fh, T4UCIEEBVTHE, REOL
B3t D ELAS, TAFC1 D R/B REQMIBNE RS Y, FEicwseriRfuctOF
LTV, TAFCT DA, 1600 CORGHREICHL, * "Kr O R/BER ~107FTHRIILT
WL DIBFERTH 5,

FP 47 2 ORHICRL T, 1 HOEKBONHOZE S (precursor effect) HHRRIERIS
WIBEH B, HERRS & 133 D TH A Dk L TR L

% As(2.035) “Set ¥TKr (44D
. I
SEISINssge 310 - Br(20m) 2B Ristable)
B Kr(10.7y)

/1133 ¥el(2. 19d), .
Ms3xe (525d) stable)

7 '8 Te (55.4m)~y
133G (1.47s) =¥ SH(2.7m) 831(20.9h)
a8 (foam) 7

() ¥R
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THD, PKr OENETH A Br FSe, P As 3 SR FRBASEEICEV s, PIKr ORIN
I RE T BRI ER L THRESRELEY, Ll, P Xe 0IBS, Y1 OXH
32000 TH N, COEMEIES Kr DECHENTHYEY, Lidi-T, AESN3 e
113X L L TEELORaNbDE, W ELTRESN, F¢ T AVADEIHT I
S e E 7 bDBBE SN TS EEALFRIEA 5700 Kr OBEE, Ll 2% Kr
WIES T, Y Kr *®Kr & & Precursor effectid/PS s, Xe T, '*Xe & &bic, F Rl
6.6h O] ML 425 Xe DWW T & Precursor effect XEMAHEL W EEDN L, L
L. TAF— 9] %+ 7 Vv TRIMEHREp - BETH B0, P Xe ic20 TR, TOMTH
BV DNEIH 65 LIFIH 12, Precursor effectid F -7 < EETLLERLL,
Xe B RiFT | OF 50O SEERICE S C &R0, 2 DHEENT 20 TIRHIRDE D
I LTRHE T EHHR L, BETHRAUS T 2ERANC Xe BEAAEL T, FoELL AR
i, TOBEOREORHENERTEL, shilfif LR cAflT 5, Z DA RED [ DR
BTHD, FELERD Xe BELCHT 2 OAEMOLE] OF50EETH DL, Fig. 13 &
FIF#ICET 5 Xe DR/BORDAEILBOKRBIICHLT7ey PLAESDTH S, T4F 9]
Sop TR VBT, FA 4 7 VEREE T A 0 VTR 4 7 VIR T ERIC Xe R IBED
HIEAIT -1, Fig. 131089 Xe DR/ABOEAHLESNS [ OHIZEFS% Table. 8 % &
HTW3, Table 8iciE, 2Xeli® (R By, 0T 5 I BHER (R/B)1, OHGERL
Thd, ZOEPS, KROLIRMEREALNE, | BHEIGE 1000 ~ 1250 COREREIERTH,
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Table 7-1 Data of R/B from 74FC-1( middle inner capsule ).

bate of measurefent TeTEggat””e ?;ﬁ?r kr-85m | kr-87 | Kr-88 | Xe-133 | Xe-135

1977 12 20 16 20| 1270 50 [7.21E-07 | 6.86E-07 | 5.75E-07 - 3.50E-07

' 22 9 471 1270 50 |7.65E-07 |5.46E-07 | 4.78E-07 - 2.91E-07

1978 1 14 9 55| 1270 50 |5.69E-07 | 3.38E-07 | 3.16E-07 | 2.42E-07 | 1.81E-07

19 15 00{ 1270 50 |1.88E-06 | 1.04E-06 | 1.05E-06 | 3.39E-06 | 4.76E-07

23 14 10| 1270 50 |3.196-06 | 1.79E-06 | 1.85E-06 | 2.42£-06 | 6.04E-07

25 17 10| 1270 50" {3.28E-06 |1.93£-06 | 1.37E-06 | 3.48E-06 | 6.42E-07

26 9 53| 1270 50 |3.73E-C6 | 1.89E-06 | 1.96E-06 | 6.06E-06 | 6.29E-07

1978 3 3 14 10| 1200 50 |4.52E-06 |3.57E-C6 | 3.19E-06 | 2.32E-06 | 1.10E-06

10 13 42| 1200 50 14.69E-06 | 3.76E-06 | 3.05E-06 | 6.D1E-06 | 1.78E-06

15 17 25 0 |[3.97e-06 - - 3.256-06 | 6.08E-07

16 39 25 o |1.87E-07 - - 2.98E-06 | 5.44E-07

18 08 25 0 |1.19E-07 - - 2.87E-06 | 5.02E-07

1116 30 25 0 |1.92E-09 - - 1.07E-06 | 1.56E-07

1978 6 14 10 25| 1200 50 |5.226-06 | 4.01E-06 | 3.34E-06 | 5.76E-06 | 1.24E-06
20 9 34| 1200 50 |6.69E-06 | 5.05E-06 | 4.22E-06 { 1.51E-05 | 1.48E-06

20 11 21{ 1320 50 |7.99E-06 |5.97E-06 | 5.00E~06 | 7.95E-06 | 1.45E-06

21 10 00] 1320 50 |1.17E-05 |8.90E-06 |7.29E-06 | 3.53E-05 |2.63E-06

22 9 321 1400 50 |71.84E-05 | 1.40E-05 | 1.16E-05 | 3.00E-04 | 8.72E-06

23 9 33| 1500 50 |1.14E-04 |4.992-05 | 5.28£-05 | 1.03E-03 | 5.15E-05.

14 09| 1200 50 |2.56E-05 |1.66E-05 |1.46E-05 | 2.30E-03 | 6.24E-05

16 06 25 0 - - - 5.29E-04 | 2.97E-05

17 54 25 0 - - - 4.43E-04 | 9.74E-06

24 9 45 25 0 - - - 1.21E-04 {3.74E-06

10 59 25 0 - - - 1.17E-04 | 3.57E-06

6 29 9 34| 1200 50 |1.91E-05 |1.51£-05 [1.176-06 | 4.93E-05 }6.13E-06

30 9 40| 1500 50 |4.65£-05 |3.95E-C5 |3.01E-05 | 3.83E-04 |3.BBE-05

7 3 14 06 1600 50 -|8.33E-04 | 4.03E-04 |4.10E-04 | 1.55E-02 | 6.40E-04

14 21| 1600 50 |7.84E-04 |3.99E-04 |3.91E-04 | 1.53E-02 |6.56E-04

15 22§ 1600 50 |5.72E-04 |3.21E-04 | 2.93E-04 | 1.43E-02 |7.10E-04
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Table 7-2 Data of R/B from 74UC-1( bottom inner capsule).

Date °meeaB”reﬂE”tM Tenggat“re ?ﬁw?r kr-g5m | Kr-87 | Kr-88 | Xe-133 | Xe-135
1977 12 20 16 31| 900 50 |1.01E-06 | 8.62F-06 | 7.18E-06 | -  |4.07E-07
22 10 27| 900 50 |[1.116-06 | 8.24£-07 | 6.60E-07 | - [4.86E-07

1978 1 14 10 43| 860 50 |1.00£-06|6.91€-07 | 5.616-07 ] -  [3.31E-07
19 15 15| 860 50 |1.91E-06 | 1.40E-06 | 1.21E-06 | 6.03E-07]6.29E-07

23 14 20| 860 50 |2.07£-06 | 1.36E-06 | 1.18E-06 | 3.05E-076.52E-07

25 13 44| 860 50 |1.88E-06 | 1.25E-06 | 1.13E-06 | 2.42E-07|6.38E-07

26 10 00| 860 50 |1.77E-06 | 1.09E-06 | 9.80E-07 | 2.00E-07{5.81E-07

1978 3 3 14 15| 850 50 |2.63E-06 | 2.04E-06 | 1.78E-06 | 2.12E-06|1.01E-06
10 13 35| 850 50 |2.48E-06 | 1.99E-06 | 1.62E-06 | 3.23E-06|9.65E-07

15 10| 25 0 |1.936-07 - - |1.83-065.07E-07

16 45| 25 0 |3.94E-09 - - | 1.54E-06|4.20E-07

18 16| 25 0 |7.51E-10 - - | 1.60E-06/3.92E-07

11 10 25 25 0 - . - 4.34E-07|1.09E-07

1978 6 14 10 398 850 ‘50 |2.67E-06 | 2.14E-06 | 1.74E-06 | 3.30E-06(1.09E-06
20 10 08| 8s0 50 |2.86E-06 | 2.37E-06 | 1.86E-06 | 4.28E-06|1.15E-06

1 371 900 50 |4.45E-06 | 3.33E-06 | 2.78E-06 | 2.36E-06|1.15E-06

21 9 42f 900 50 |3.36E-06 | 2.74E-06 | 2.19E-06 | 5.17E-06]1.25E-06

22 9 45| 950 50 |3.74E-06 | 3.09E-06 | 2.44E-06 | 5.71E-06|1.20E-06

23 9 59| 1000 50 |4.24E-06 | 3.50E-06 | 2.75E-06 | 7.58E-06|1.21E-06

14 26 820 50 |2.33E-06 | 2.02E-06 | 1.58E-06 | 4.92E-06|1.13E-06

16 25| 25 0 - : - |1.66E-06|5.77E-07

18 13] 25 0 - ] - |2.01E-06|4.92E-07

19 00| 25 0 - - - 11.376-06]4.64E-07

24 10 24| 25 0 - - - |4.856-07|1.44E-07

1M 25| 25 0 - - - | 5.276-07|1.45E-07

29 9 50| 820 50 |2.83E-06 | 2.286-06 | 1.81E-06 | 4.13E-06|1. 25E-06

30 10 00| 1020 50 |4.50E-06 | 3.74E-06 | 3.00E-06 | 5.50E-06]1.22E-06

73 14 32 120 50 |6.556-06 | 5.25E-06 | 4.38E-06 | 6.08E-06|1.63E-06
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Table 11 Fractional release of Cs from Triso UO2 particles

irradiated by 74F-9J capsule in JMIR.

CAPSULE 74F9J-1
PARTICLE 73EC-1
INVENTORY (C1)©)
Cs134 0.012
Cs137 0.23
RELEASE (Ci) ¢’
Cs-134 2.5x107° P
Cs-137
FRACTION
Cs-134 2.1x1073Y)
Cs-137
¢ oLy
4

2.8x10°

a) UK particle.

~74F0J-2
74FC-1

0.034
0.38

2.7x107
2.4x10°

7.9x1077
6.3x10°

1.6x10°

T4F9J-3

74uC-1%

0.
.25

wrd

.2x10
L4x10°

L4x10°

013

=5b)

.7x10739)
LAx10°

b} Probably due to contamination of graphite holder by Csl33.

c) Normalized to June 1, 1981. .
d) Through--coating failure fraction determined by acid leaching

after irradiation.
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Disassembly of capsule

Neutron fluence moniter

'

Estimation of neutron fluence

!

Graphite holder containing coated particles

T
Graphite holder Coated particles
Measurement of metallic FP amount Sampling of the particles
released. from the particles

* Leaching experiment
FP release fraction

$ Burhup
Ceramography

Surface inspection

X-ray radiography

Fig. 15 Flow diagram of post-irradiation examination for 74F-9J

capsule.



74UC1 (FBREHEF » 7 2)

Fig. 16 Surface inspection of coated fuel particles after irradiation.
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Fig. 17-1 Ceramographs of 73FC1.
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Fig. 17-2 Ceramographs of 74FC1.
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Fig. 17-3 Ceramographs of 74UCT.
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Fig. 18-1 X-ray radiographs of 73FCH.
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Fig. 18-2 X-ray radiographs of 74FC1.
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Fig. 18-3 X-ray radiographs of 74UCT.
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3
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(R/B)xe:;)%: (sz—] ¢XeC0th quC#)??i] ¢'XeCOth(7¢Xe>_ 1 ) @3
¢ Dyed
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¢Xﬁ A DIJXe
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(R/B)1= 3/ ¢ 09
7
(RB)xe= 3/ 6% (—) 80
n+1
THRE B,
093 £ UBOE A 5
(RB) B (R"B)q 7+ 1 a1

(R Bio*  RBI(R B #+7+1

L1554, Table 8t L & LD Xe OREML LB LN (R7B)L/ (RBixet» o, BIZUC
L D D1/ Dx e 2OTIRO L S IEBERT &1,

Table 12 Parameters on iodine and xenon releases,

g B 133 H OB M 135

=S S M= : (R/B)] D[ (R/B)l D
AR B ®RBxe| 7 | Dx RBXE| T YDy

A5 0.57 132 | 0.29 0.38 233 | 111
74FC1

1500

200|022 435 | 311 0.18 5.40 | 21.28

(Z44)

(| 065 105 | 018 0.57 132 | 127
74UCH

1000

820 (0.36) 249 | 101 0.51 157 | 180

(F44)
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Table 14 Summary of failure fractions of coated particles irradiated
by 74F<9J capsule
73FC1 74FC1 740C1
Surface inspection 0 %3,3x10"3 | 5,7x107% A 8,0x10"3 | 2.3x107%~5.1x1073
(95% confidence limits)
(ave.) (0) (2.8x10™3) (9.2x107%)
X-ray radiography 0 n3.3x10°% | 1.0x10°3 n9,4x1073 | 2.3x1075~ 5.1x1073
(95% confidence limits}
(ave.) ()} (3.7x10"3%) (9.2x10"%)
Acid leaching fraction 2,8x107" 1.6x1073 3.5%x10™"
FECUND calculation —_— 1.5%10~3 2,7x107%
Diffusion model — 4.5x1073 4. 7x10-H
. UNCLUASSIFIED
10° = o . ORNL - LR - DWG 77340
I . I M S I T
) B NG |
i R . L
s !
5 ! TGOS 3 3
T |
z|z !
HE. : |
d = 1o - - T
I i
w|z i
g -
s
gE L
- i
2 ﬁ
B :
e il ! \
w0 5 10° 2 5 T} 2 5 t0?

Fig. 19 Fractional release, R/B, versus decay release

DECAY- RELEASE PARAMETER, ¢ =V 2

parameter, ¢(25).



JAERI—M 84— 054

T - T T T T T T

-3l A ol
Rl | e
C 0 9j-2 : A0 § ]

[ Sk m

B © §9J-3 > relEe%Lse .

—
OI
Rl

L I'll”ll

Lo sonad

Fractional release of 85my, (R/B)

1073 - .

B ;

P g _ ]

5 -8 BOL release -~ |

F T °B0L refease 3

: |fb:fc1ilure ?ractionl '_*
107 ! I , | 1 | 1 !

Irradiation temperature (°C)
Fig. 20 Temperature dependence of measured and calculated fission-gas

release.

s
7 Diffusion through

| .
h'e
£ 104t // kernsl 4
o Ve
LY -
o
0 .
N - /// Recoil _(reduced}
1078} ol .
| //Diffusion through coating
/. layers
Io'io YA | L ! L ] ]

800 1000 1200 1400 1600
Temperature (°C)

ig. 21 Tentative calculation of R/B from failed and intact coated fuel

particles.



JAERI-M 84 — 0564

Tarc-1 [RRADIATED [N 74F9J-2 CAPSULE AT 42 TH CYCLEL52.12.20 - 52.12.22)

< CALCULATED
(7) OBSERVED

~
=)
—_

b: ‘ - -5
=l Fd 1.3x10

NNt

=
©
- ! tot tot it 1
B x4
" E S w o r~
" n m ~ o~ ki ot
- [ 3 w —_— -
D x r w L wr
o - ox x X = >
nt T ASEIRN gV 2 3 aserEgr 7 % ii6qedig? 2 3 4 s6veshp”
DECAY CONSIANT {/5EC)

TAFC-1 IRRADIRTED IN 74F94-2 CRAPSULE RT 44 TH CYCLE(S53.7.3 -

<> CRLCULRATED

. (M oBSERVED

=
]
i
.
2,
:
3
© =
e ~
e
()
'_L.
Q
201 t t tt 1
J ) !
o & o ~ " ol P
- @ o w - - -
v w w o o i NEN) ]
Oy - = = o - i ks
ST VIR gt § Y A 3eTashgt £ 5 4 Fevesigt £ 3 T3 o

m

DECRY CONSTANT L/SEC)

Fig. 22(a) Estimation of failure fraction(Fd) by R/B(74FC1).
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