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An Evaluation of Fuel Pin Behavior in Thermal Transient Event

Takeji KAITO", Tomoyasu MIZUNO? and Takeo ASAGA™

ABSTRACT

In some of large scale FBR design studies the complete loss of alternative current electric
power supply is considered as one of severe thermal transient events. In this event the reactor core
may be cooled by natural circulation for several hours. Thermal hydraulic analysis of certain plant
cooling system design showed that cladding temperature may be kept high during the event.

In order to obtain the knowledge concerning to PNC316 and 15Cr-20Ni type cladding tube
strength of irradiated fuel pin in such high temperature condition, the results of Transient
Over-Heating (TOH) test performed as a part of PNC-DOE Collaborative Program of Operational
Reliability Testing in EBR-II was evaluated.

Following results were obtained.

(1) The rupture time of irradiated PNC316 clad fuel pin in TOH test was decreased to about a

_ half compared with unirradiated creep rupture time. On the other hand the rupture time of

irradiated 15Cr-20Ni type clad fuel pin was decreased to about 1/10. It was recognized that
the rupture time degradation of 15Cr-20Ni type clad fuel pin was much larger than that of
PNC316 clad fuel pin in TOH test. :

(2) Inorder to investigate the cause of the rupture time degradation of 15Cr-20Ni type clad fuel
pin, the contribution of creep damage during the steady state irradiation was evaluated. The
maxirnum cumulative damage fraction (CDF) in steady state irradiation was evaluated as "0.2".
It was found that the contribution of creep damage in steady state irradiation was negligible for
the rupture time degradation in TOH test. It was suggested that the rupture time degradation
showed the degradation of material strength during steady state irradiation and/or TOH test.

(3) Creep rupture correlations of PNC316 and 15Cr-20Ni type cladding tube were made to fit
with TOH test data by modification of the unirradiated creep rupture ones. And calculated
CDF of a temperature ramp type TOH test of PNC316 clad fuel pin showed that the correlation
gave a reasonable prediction of irradiated PNC316 fuel pin cladding rupture time.

*1 Nuclear Fuel Research Group, System Engineering Technology Division, OEC
*2  Fuel and Core Engineering Group, System Engineering Technology Division, OEC
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7o, WiRT— ¥ 2 EURBHEMO 7 ) — THETEER 2 AW TER Lo FRInkim & |
TOHFKEREF O E ML UTIRER & % lid 2 & . TOHSRERES O REHT B R IR BAHM 01212
BEIETT 5,

UK L, B2.15% 5. 15Cr-20Ni §i# B & O TOHRRERRS O BEMTRER I3 . REBEI .
EHICIBHMEEBLTOETLTVAZ b2 b, T/ BETF—%2&50KE
D2 ) — THRETEER & v CE LT QBT B & . TOHZRERE o> IR I i
e % B3 5 &, TOHRERIF OREBTRER IR BAEM OH1 /10 E KT T %,

oD &b, PNCII6EEEE . 15Cr-20NifEE £ b 12, TOHRERICBWTix
WRERIAIETLTWAZ LN o7z, T/, B2.13C/R L2 X 9 1, TOHRER
REOBEBEE A IIPNC316 £ 15Cr-20Ni s L DB TR E L ERZITEDOONLEVWH DD, TOHR
ERIC & % 15Cr-20Ni S T8 B & Bt A & ORE B RIE T3, PNCI6HRBE 0
HRTEEICRKEVWIENXHLA L R o7,
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3. ERMHIFICHITZ 7YY - TIRIEOEEBICEAT 45

B &2, TOHRERRS OB BEWUTREEIZ. KRB LB L TET T 52 L 5°H
bk, & IZI5Cr-20Ni A BEDOH PHKTE MOBETHEF K EWT L 2HL »»
ol Tl FOWBEERBIIKNABEITH D . TOHRERIC X AKIEMOEBEEE A
S OPNCIIGHEBEE ICHB L T/hEWZ & h bR RIBILOTEMATR E N,

INHDIZ EHn, 15Cr-20Ni sl B EE OBMHFEET QKA & L Tid, 15Cr-20Nish D
MEEFEFREEHC L WL L 27O EENET LATRREIZE2 005, £/, 0l
CEFBHBCBIAHFED ) - THEOEESFEI LIS,

ZFIT, $FIITR. EFEREBCBIIHREED 7 ) — THREDOETRE S TOHRAER I+
DEBTRFB OETICRIZTHEICOVWTKREFTAZ L E LT,

SR E LT, EFBHEZICHET CE LTV AEARAD0.4%LEIREV, 2F )
ETHRERICBIARBED ) - THEFRDODKREVWEZEZ LNHUN08037 2R, &
FRERICBITAHEE 7)) — 7THEME (GG OfFHlitiTo/c. BBEEZ V-7
BB (BHoEH) OIS, BEREREE EE@Ta— K [CEDAR] B! 2Hw,
WEE 220 N% [ HAEDOR| OBEL [HAE+PMIEN] O5EIZ2»TH
JIHIRTEI R4 ODEF IV — AZDOWTE 21T o 726

B, 15Cr-20Ni sl 7 ) — TR MEER & LTk, H2. 1I5ICRTRBEMO 7 ) — 71k
WERE T — 7 2 OER LA b D EHV I, TNEMFHF2IIRT,

(1) H#REDOH#  UN0S037D4L4E. BEHEHELHWTEHMEL 5HE

2) HRENH (D) EN—RCEBIHETHICHBEEIC0.4%NDEAZELSEDL L)
W, BEENEEN® LTSS

(3) AREAPCMIFERE ()2 R—RCBEHRTHICHEETIC0.4%DEAZELSE
5 & 912, POMIBAZGES 2 S B ENHAEN % —EE LT 756

(4) HREFPCMIER (1) 2 _R—RACHEERTRICEREIC0.4%DEAZELSE
% & 52, POMIBRZEER A SHBENTIEN 2R 4 BT 256

4B, POMIERasA . [EEE] MK-I1 F 5 4 /"B BB AT A SRERES IS KD (BN
Ly MEBBELOMBE Y v TEBREE & 0BG 1Y 25 BETBINAHE4008 L RE L7,

PED 4 — R TEHHEi LR EZ R LIRT,

F—2(1) Tk, BERTENOKES 7 — 7I5Hi35Ma, HBEENEAL0.1%EE
Thh, TDLEDZ Y —TIEGE FHIBH) 31.8X107° EIERITD I,
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HAEDADY — A (2) Cii BEHE T ER OB BEE 7— 76 71k136MPa, 7 — 7RG {E
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(Fap8A) 132.4X107°ThH o7z, BRI, HAE+PMIERDIES. ¥—A(3) T
165MPa, 6.8X107%, 4 — & (4) Ti3263MPa. 1.3X10" ' TH o 70

CORR. BEHRTROBRBE 7 ) — 7THHEE (FHIEM) ERATI Ty —2AW)D
0. 3BETHLILPHLNL kol T ZOEILEE L BEBERNOBTS 2 &
BL7ZbD 2R3 2IKHRTRYT, COEPLDLL LI, EERBHBICBITAHES
D7) — FHEEGH. TOHRERRF OBWEE B OB T IS RIZTEEIFEE NSV EH S
nekkol,

ML) | TOHRERBFOBETREMETORRL LT, EFRNTORBEEDIV-F
BHEOAFFS L TWATEEBRIIEE ISV E E2 5h, TOHRREOHKE SthE I IR
SIS L M BFEOELICIZ . BEMBROBEICINVETL TR EEX LI LNEY
LHTENnG,

SkiE, TOBMEERTORRZKENAATN 201, BHEARBE EETORR
7)) = THEIFERTERTAL L ICL), SRIMRICIDHEBEEORIEA =X 4, FCCI
EHBLUTFPOXESE LM L. TOHRARICL 2BMERTDOAI =X L ZFMHE L T L
BXGDH5,
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4. BRTOBEXDRT (BEX)

LD & )12, TOHREREM T CTOMBE SHMEE I KRBHM L LB LTETT22 L
PR E otz BRTIR. THRRBOBMEBMETO A A= X a13HL Ao T
VRV, BRI ZTid, BIRT -7 2 SURBHM O ) — FTHETHRERE b &I,
TRTOTOHRERT — ¥ 2 AR TH R CHEBHAOETASEZE L. =kE¥—rToRse
PEFMEICEA 5 2 & 2 B L -TOHRERSHER O@ER (MUT. TOHRERTEER) £/ER
THIELEL

To, T2 CIEBL LA-TOHRRBREE X% BV, 2.2TH~R72 [R5y 7R BX U

[EABRGIEERE | CRERETo BB E Y 122V T, TOHRBRTOBRBEEN Y —
THEBE GGoaEm) 2FEmL,

4.1 TOHRAERWSREE X DIERL
2.4. 2CTOHKERIE R DS A WoBiR T — ¥ 2 8 URBHM O 7 ) — 7B X
(81 8H) % b Lo, PNCIL6HBER . 15Cr-20Ni S BEE £ h £ 12DV TTOHR BR
MR 2R L 720

(1) PNC316
F& 1 ICRTPNCI6D |IRT— ¥ 2 &4 RBHM 0 7 ) — THErsa e icx L. TOH
RECTHMEEETOL o & b K E b o 7-WT168 DEEET 0. 390 ¥ 5 % 47 SF 12 4]
D EITF7BEE LT, HERB32RETHLUTOLH IR B,
IMP= (T +273.15) 118.02+ log(3 - t ¢)}./1000
o y=100MPa
IMP=43.115—30.252(log s ;) +15.677(log s ;) 2 —2.959(log o ;) °
o 3 <100MPa
IMP=27.753—3.0529(log o )

A

IP 53—V 3IF—NRTRA—%
T D RERREE (C)

te - EEBTERR (hr)

oy HEE7-7EH MPa)

CDEHIZLTKDLTOHRKEREER 2 v, WT168D A BRIRAEI22 CIZ BT 5 LR
FH2EHETL LA 10BBOL S 12k 5,
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(2) 15Cr-20Ni$R
8% 1 ISR T1Ce-20Ni DB 7— ¥ # S LRBEM D & 1) — TREBHERER I L.
TOHFER C MR RE T O b o & b K & Ao 7-UN08037 D B b sl H0. 09300 538 3 4R 5F
By BB LT, BRI ZRETALUTOL ) Itk 5,
IMP=(T +273.15) |18.77+1log(11 - t ;)} /1000
o =100MPa
LMP=91.501—96.242(log o ;) +46.487(log s ,,) 2—7.742(loga ) °
o 4y <100MPa
LMP=29.429—3.2013(log s ;)
ZZT,
IMP 15—V YIFT—INTA—F
T D REBRIRE ()
trg O HEMTEER (hr)
on HEET-TN (MPa)

CDLHITLTRD7Z-TOHFEREE % FVy . UR08037D HKERIRE920C 2B VT AW HT
B2 EH T2 L. 20BN LS Ik B,

TihHE k 2] %% IZ%oT \/\50 Z ﬂti\ ,'i’iﬁﬂ_ X5 H*—Hmfs‘i@f&‘[*‘#TOH?ﬁtEﬁmfj‘i
A TRBEYPIFHETE TV R WITREFH LD EEZ LIS,

S, EWMEDOREC X 5 MEEET RTOHRER D & ) % Sim gL sRERIC & 5 Bl
BTDOAA=X LWL, L., BYLMEREREG L TIT LBV H 5,

2T, HEIGRTFHOFEME LT, PNCII6HEE . 15Cr-20Ni A BEE L bIZ. L
WORBHFH I T BB HETS ¢ BHICL2BERTHICERGLE THET %
CENINBEYTHLLEEZLNS,

4.2 BEZTEHRITOHERIE R O F
= ZTid. 4. 1THERL L 72PNC3163 X UF15Cr-20Ni $ # B & O TOHRAER R & A
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TOHREREE R AV - HBEE D7) — THEGE (Fas i) FMmIzeHeER
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5. FLHESERDFA

PNC/DOE3t [F] DEBR-ILESRERMER RO —RE L TiT o 2 TOHRERIC L 2B 7 — ¥ 2 5F

fliyTaZ&icd, UToERELE-,

(1) TOHRERT — ¥ % RBHM D 7 ) — THEEFEET— ¥ L BT 2 L. PN EE T
ST IS L CL2REOETARD Nz, oL, 15Cr-20Ni g EE Cid
L/ 102 B DREITREBIE T 54 S 4, BERTEFRI DR T IIPNCII6HBEE B L ThAE W
SO Eh o, LLLEA S, REBRITICBITARFEOZEME (1.7500)
BEDBERTIZED O o7,

(2) 15Cr-20Ni A BEBE OBMEEETIKEVERE LT, EEBsH0s ) — S
PREDPOLTHREDZRI N TV, 22 C, EERHBCB TS ) — FTHEGHE
(% ﬁﬁﬁ)%%ﬁLfﬁ% ZOEIIRARTH0.13BE LS ShiC X
0. ERBRERFICBITS 7 ) — FHEEITOHRER I & 2 BTERET IS RIZTEEE /A
éw:kﬁ%B#k&b\m%ﬁﬁwﬁTuﬁ%Kl5Hﬂﬁﬁ®£ﬂ£lvmﬁﬁﬁ
BEIC L AMBBENMETERLTVAEbDEEX b, '

() BRT— I 2 EURBHM O ) — THERERENR 2 b &2, PNC3163 X UN15Cr-20Ni
S EE OTOHAERIAE N 2 W EMISIER Lze T/, S X TERL7-PNCII6HEE D
TOHFEREE SN v, PNCIIGHBEERBE y 2 AV REL BRI OTOHHERICDOW T
7)) — 7HEGME (GaaBf) 2FMLAER. HEEOME % IR B ICTFHETE
BT ENHLME 5T,

Sk, BHEMBE CEBEOSRY ) - THRRBRLERTAILICLD, BiR
EAIC X BFCCIEH R FPOEE S L EO BB E OWIE A A = X L £ HHEIC L. TOHRER
CEABERTOAA XL ZHEHTELENH S, SHI. INLDERDEIRBEE R
HEY~OBAREZRETHILENH 5,
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70— 7HGHBADOTEICE L. BFNY A7 4 ) BEB—RICIH VW7
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7. BEYXH

[1] %% ®#E . [EBR-IIFICB2EEFEREOERFREEAR] . SRR
No.77. 19914E3H

[2] W& —t i, [EREREOZBIEREIARREG-1 (BB - INEABREE I
IBRER) | . BRETFHFES M19954FKN K4S ] Ha3, 1995410A

[3] AEF BRME M. [#EZE)ET 2 — FCEDAROBIZ] . Bhi#kEHNo. 76, 19904125

[4] BA % fb. [ [ MK-IIP.ORE O RETEE ] . B)#KE#HRNo. 86, 199346 H



2.1 TOHRERICHE L =B E > D4R

o No. WEE ARTEE OME PRIERE BAtE -

ME #44% (mm) AE (mm) (%) (at.%) (102 °n/m?)
WTo01 PNC316 7.0 0.37 81 1.99 12 15
WT002 PNC316 7.0 0.37 81 1.99 12 15
Wr003 PNC316 7.0 0.37 81 1.99 13 14
WT168 PNC316 7.0 0.37 89 1.96 15 14
UW08035 15Cr-20Ni 7.5 0.40 90 1.99 11 10
UW08037 15Cr-20Ni 7.5 0. 40 90 1.99 12 10
UW08038 15Cr-20Ni 7.5 0.40 90 1.99 12 10
UW08039 | 15Cr-20Ni 7.5 0.40 90 1.99 12 11

*1 E>0. IMeV

100-66 00V6N.L ONI



0.2 TOHELERICH L ZIRKHE L HTEE OILER S

(wt. %)
C Si Mn P S Ni Cr Mo B N Ti Nb Ta
peos | 00, | o | 10| O0%, | suao| 3% | 50| 20 | G so| 4% | ewo
WTE > =3 | 0.060 0.77 1.66 0.025 0.007 13. 84 16.74 2.38 0.0030 0.005 0.080 0. 050
poiszo | 0080 | 060 | L0 | 008 | so.0w0| 5% 1 5% | il | Sooeo| =000 | S35 | Sots | S0
e > +3| 0.059 0.42 1.86 0.029 0.001 19.70 15.11 2.45 0.0025 0.004 0.23 0.11 <0.01

*] FR6FEEREL

*2 TFHIEEREL

*3 R2.1BH

100-66 00¥6N.L ONCf



%£3.1 CEDARI— R & 3 EEMREEOWEE v ) — TIREFEER

7 1) — THEG1E

i — A WEERT (MPa) WREE» (%) (4 5 ERAD)
(1) 52 0.1 1. 8E-03
(2) 136 0.4 2.4E-02
(3) 165 0.4 6. 8E-02
(4) 263 0.4 1.3E-01

- 100-66 00¥6NL ONr
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