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Simulation of Irradiated BWR Fuel Rod (TS) Test in NSRR
Using FRAP-T6& and NSR-77

% k&
Takehiko NAKAMURA, Akira MUROFUSEI and Ryuji HOSOYAMADA

Department of Reactor Safety Research
Tokai Research Establishment
Japan Atomic Energy Research Institute

Tokai-mura, Naka-gun, Ibaraki-ken

(Received January 31, 1994)

Series of pulse irradiation tests have been performed in the Nuclear
Safety Research Reactor (NSRR) to investigate irradiated fuel rod perform-
ance under the Reacfivity Initiated Accident (RIA) conditions. Five
tests, called Tests TS-1 through TS-5, were conducted in a period from
1989 to 1993 with irradiated 7x7 type BWR fuel rods provided from a com-
mercial power plant. Simulation calculations of the TS tests were carried
out with the FRAP-T6 code, which is widely used in the world to estimate
fuel performance under various accident conditions, and with the NSR77
code, which describes fresh fuel rod performance well in the NSRR tests.
Results of the calculation are compiled in this report and applicability

of the codes to the irradiated BWR fuel rod tests 1s discussed.

Kevwords: RIA, FRAP-T6, NSR-77, BWR Fuel, PCMI, Fission Gas Release,

NSRR, Pulse Irradiation
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1. TUBIC

FFFR AW F(Nuclear Safety Research Reactor : NSRR) TR RIS EF S (Reactivity
Initiated Accident : RIAYRFHZB1) BRRBED#A I QBT &R/~ 5 KB E19895F & 1 Kt
LT3, BADBWRY A4 TORBF CTERICEHINIBHTE, THE 1 SFTHEF SN
Fo7X TREBEIEA AR L bOEBNT, INETIITS-11 6 TS-5F TO 5 [HDEE[1-
4 E M oo ERIHOBYEITH L BWRIRHE, 197240 51978 TE 1 7 b

(54E%) QBEES I REET, PRRBEEIZ226WanU, EBUHE Lo O Bkl
EEI226GWANUTH - oo |

NSRRIZH W A/ ZBETER (TS-1~TS-5) TiREkHRE L v 7 IV E1398cal/g  fuelil
FLUIH, BETRETRLTH -, LB THRBHFIBRHORMITERNERINI.
ZOFN OV BEEEOMOET ERBNE LR TH S, TSERTR/ VARG, AR
SHREIEBIC TR EVHBEEOBEE L v MEMEAHEEH(Pellet Cladding Mechanical
Interaction : PCMDK & 2 L £Z SNABEENRE Sl Ll BEEOHAFERR
BK0.44% EBME (7~10%) WHEANTHINI EBEORBRRLC, BRREHE
85cal/g* fucl CPCMIIZ & D B8 L7SPERT (RUNB859) EBRE BRI BMF LI o700 ey
SOV ZBEIIE D FPH ZOBMBEHE R, AREOH10% EXE S BBBRERIRSTNE
B0 2{EL L OF12.6MPall# Lic, RBSTMBSZE T VARSI L ZWE AR
MESD25~30% ThH b, BHERMTE IVARFBORE LEFPREZO LM 5,
5EOERTIDNBIIRAY THBERMAEIZI00CEREILHE » v BRETRBRA
U A - Toht, PCMIBHRS A UFS { & bHBEEREN LR T 55 TIORES R I~
TIEORBETHREO NN, S OICIIHAMEEECAHRENH L LN -1,

BB OBEELDETAHE DT FE VTR ERINER SN TN AHFRAP-T6 2 —
R[5 HUIINSRREBRICE T B RBHHMOBB 2R T 25t HI—- FELTEROH S
NSR772— R[6]5 Ty LEDSERDY I 2 b—v 3 V&7 10, BEFHSMFER,
1R G EERERIT1989FIC 15 F - 7O NSRREBRLLFTICIREIC B ASRERTHRR[7-8]6
L UPBFER[9-10]D & 13ERICHE o NTH b HHEARE O KICEFGEF BT
B33 oDHET— FOFIGHENBFHIRIEE N TORL, Uikhi-> T KEEDH
1, SMEERELERERLRETAZEINLY, JhOOFED— FOBESNZ RED,
HEETNOATRBEEHLTLIETH S,
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2. BNFHBWRRHEROME

2.1 EEFH

WL EPT. OHTEEOHET 2RO TEE U7X TERHESKE197280 5
L978EITIF TG Ute, & OESEOBEHEIZ DO T BHEERS LI 5[11-14]
Tk S THONT S, ZOBEESEOBRER | KZERMT L. ETFmICH U APUEHPR
BN TR A5 LR a A U, $89 SV TNSRRIEBWL T UV ZABES 5B %E
Fotre ERMBOMERFig. 110, EBATEVOWEEFg 2TOENRT, F1c,
NSRROHEAFig.  3107F, TS-1~TS-SER T, ERMEIEIEE U ERA T RILE
NSRRIFGAOOEBRAICEA L. $3.68~$4.60RARIGEIC L B H— UV ARS 21T -7,
B UL Z B TINSRRIENIZ. Fig. #CBIZ TR, FERBms THIEAR2 EF LK
RN R IS & R A mIs e E h D . ERBEHIFg. ST &S, Nby
N2 Yy 7B & BB SR, WEERENERREL, RENEHENEESNTEY,

B & OB T DNEE S h iz,
SR PE LT | RIS 21 3GWAAUDEAERIABTIN LY B U REHETFE R B

22GWANUDBEEENE L TEYE U7z, BOREHIMMREE2.79% . BE12.3mm. &I
2mmDF 4 ¥ 2 FEEMUO,R Y v MCE DRI N T 5, EBRMEHILFg. 6177 &

1o B S DR A DL & T AN OB Ui, EERIREHELLE TOMBLR
TS-1EBRMEEIE DL O E26GWAAU E Tl X N, FRBHITTRECHSHS
RUw b6 (R%y 7EE126mm) &ZOEDITH140mmEDOBHFEFEELH L T2,
Table 1iIZERBEHEDEITERT,

5EIOERTIHT~TBWRO I—/V FAF — N7 v T&BZRE UKKE - 26 - #1k
KEHZEMT, X — THBLUX - VEH P VN TEERRRE | A8 B VRS Ui,
Sy 2 ARG I2$3.68~34.6. AFRRBEII70~118cal/g fuel TH o 720 MPOE—-7 T
SRS ZBHE P NERNICBREICIEA O AERBRBLFLL LD LT,
55~08cal/gfuel L FMEE iz, . TS-SERILBL TREBFORMELHRICE pRY s
£ AHM LA EET A BT, ERBEEREBE CEA VB LT - 7o, AEBRICE
LT hEIEA (BN BHRETERET 75

2.2 ERER

L SRR D E TG & P fe A A Table 2% Eic, BHEREIZTS-SHERIC
BNT—B170°CIZZE LT AN, K100 CERETHRBBIIEE > T b, BN
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VA WS ERIBRC SR ER UOIEIINER (1.1MPa) © 2 5L L TH B &EEE2.6MPa% 7
Ulee COWELEABR, ABSFMERMEEROFHERASUHANTREC, 3~6TH-
Foo BEIRL y b2 v 7 OMUNE, &H0.71mm (0.56%) IZEL 72 —H. BEEOMY
FERIZL - TN DO T A RE0.55mm (0.44%) %7~ L 7o Figs. 7. 8IITS-3. TS-
4ORV y hAY v 7 B IUHEEOBRUERZTRT,

EERBEBONERE - THEHE (ERETDT7 740, Hah, X)) - MERFERAR
- X EEEEAT - 1R, TS-1~TS-50 T hO LRI T/ UV ABEHIC K 5 HFEA
BAEKRUVBBEEORBRGORERERINT BEENRAEEHR U Z LAV
U7o '

TS—2~TS-5EBRBENZ OV TIE. H AV 7 F 2 TRBICE 0D/ UV ZBEHI & D BHR
by R o ¥y 7RIS SN B EEI(Fission  Product : FP)A ZEZFM L7,
TS-3ELBRBENIH AT ZHBANI T LATHEOT, NI F 2 T7THBOKRAUB SN/ Xeb &
UKrE%ORIGEN-2T— Fic L DEtBEIERE S IR U TREBRE KD, —F. TS
235 L UTS-4LBRMENTIIFPA A OTTHRMRABE L HAN AnHO R TOId), &
FeHEDO R ENFPA A EHAN R CRIES Z EEROT, RUELORMAD & BIL %5
B L7ze EFREATable 277 KiRUXeD VA LD HIHRITFERIZL D AEIEERT
FEH11.0T1.8%EHEX N, H, EBRIZAWIBWREREBOEE 1 SHIRIT 5
ABFHT L AFNRHEI19.710.5% & FES AL,

EEEIELII YN, £48 - SEM/EPMASOKRE 517 » 72 Photo. 1T/ VKSR L
Foikl (JZERTS-2. TS-4) &R LALWBHOMEEEL TR, # VA BEZ#EE: Lok
IR AT Ty DB RELTOAZ LD D, Photo. 202 BETETER DR R DK
FAEEELTHET, <Ly FOPROE, PR TREMAOINBRIA ST, LU,
Photo. 1IZESNB L9, Ry MAEAIZ SV ABENI & DL 78 - T AEF THER
BETONLy FORGEBDELE, HAADY Ty 7 REL TS, SHBREHRES
UEBR ORI F LR LIS

3. FRAP-T6IZ X A4

FRAP-T63— F[5]i3. KEINELTHE S NIBEHREED 2 L3 FUREIC B 1 2 BKIF
BB O ETET2 I FThb, AI— Fid, BRKTO®REELN - AHEHESR
R UTHEBORE - Bh - AB%5iMT 5, FRAP-T6I— MZABH[161 & -
THEPHZE A XNSPERT/CDCE L UPBFRIAEBROEAT17)FIEH 3T 5B, AT F
DEEREFMIE, BEFFEETH 7 —F VHEAT (REINBZE - B8 HEEF +
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2OV Z e E R A A LOIEIINER (1.1MPa) @ 2 5L L Th 2 REH2.60MPa’e
Ulze COWHELEARR, ABSMERMBEERDOERASUIHANTREC, 3~6TH-
Jro BERLy FZAF v 7OMUNE, Rm0.71mm (0.56%) IZEL 72 —H. HBEOMY
FEBRIZ L - TN DO T AP RE0.55mm (0.44%) %7~ L 72 Figs. 7. 8IITS-3. TS-
4DV y bR Z v 7B IUBBEEORUREERT,

EEMEBONERE - THEIE ERET07 740, D, £3) - MEGEERR
- X EEEEAT - 4R, TS-1~TS-5 T hOEBIZAOTH/ VARG L5 HER
BAERRUBEEOBRBRRORERERINT, BREENREVEZMR U Z LAV
L7ize '

TS—2~TS-5EBRBEHC DT, H V7 F 2 7RBRICE D/ UVARBSIZ L O BEAR
Vy b oFy» TRICHE XN AR ERYI(Fission  Product @  FP)A ZEZ#ME L7,
TS-3ELBRMENIHAT ZANANN I LATHEOT, N7 F . THBORERAZI N/ XeB &
UKrB4ORIGEN-2T— Nic X W BEINERE L ER U THRIERERDIZ. —H. TS-
25 L UTS-4LBRMENTIIFPH A OTTEMRAHE L HAN ZNHO T, &
SEHD R LNFPA A EH AN ZTRIZS Z EEROT, RELOZ/AD S B 2% 5F
B L7 R4S Table 2R o KeUXeDs VARSI LA HUHRIZFERICL A RELERA
EH#11.011.8% EFHEE Ntce HH. EBICAWBWREBREBORHE L SHITMI 5~
ZBFHZ L AFAREEZ19.720.5% RS 17,

EERMCELII YN, ©48 - SEM/EPMASOKRE %17 » 72 Photo. LI/ VWS ERER L
Jokk (EBTS-2. TS-4) EFBR ULLVBEONEEEAT T, #VARE &R Loy
IR BT 5y 7D BELTOA Z Eb S,  Photo. 21 BETRIER O A DR
FHREELTTET, Ry FORLE, PR CRESBROMBEZSH NI, Ll
Photo. 1ICROND L2, Ry MAEEIR SVABEHI L DBl 7 - TOARF THER
BETONLy FORGEBNELE, BAADY 5y 7 REL TS, SHBREHRES
UEROFENIER4IF LR LIS

3. FRAP-T6IZ X A4

FRAP-T63— F[5]i3. K EINELTHZ S NIcBEHRIES 2 O3 FUREIZ 51 2 BKIF
B OEBFNETE2 T FTh B, X3— Fid. BREFOBREELT WM EHEER
BEAEE U THRESORE - B - AREEHET S, FRAP-T62— FIZABS[16iX L -
TEFHCE A SNSPERT/CDCE & UPBF/RIARB OB 17| FIEA ST B, AT F
DEERETFMIE, BEFERTH T 7 NV—F VHEAT CREINBEE - B8 HEEF v
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FOBILE - WEEOREE - HEEH SKAM~OREE) | BE/ HEEOELEZFHE
T34 7 —F VDEFORM. B o OFPORMAET A Y 7 )L—F L FASTGRASS.
BEREOHIE, Sy r — UMATPROED H 5,

3.1 R—Z R

FRAP-T62 — N3 E T OBk 2 i A B HCP RIC KRG 5 B BB &3t
BE 5 I FThHAN, BREICEZBREREDENEERT H10I, N—XHHRORE
EBAEHET SO EHMHES, FRAP-T6TIE. BEREORIEFAE 0 &L, N— 2B
DEEBIZADHLE UTHEERTY, 12150, HHBEELEZ 2RHEESH (FM1LR
F v TE) OBIEDS, N—ZRHEOH B L TITILEXNS S, LIti-TIZ
T, R—ZBHFOENIE—FTHE O ERE L. BRIBEE ER— ZBH P OFPA ZHH
ENENBESI LI, BREPOHEHUNE T A-FICUTHEET» .. FETRE.
R — Z BEEEI L > TH NI UV X BHHT OB E EB OB O BATERABR OFER
EHBUTHRT, chicdh. R—2BEEHEBHOREOBFEEHOMIL, BEFER
DB E UTHE O OV ZBHITOBEREEIET Ulce Fhoy X-ZXBHEHMIIF
TiZ. FRAP-T6T— NtEOZ UM AR T 5 1 HICFEMAXI-IIZ K B EHE LI T,
LW | F, FEMAXI-II Z— RIEHBON8, 190k DRI hIE R B R O 2
W I— N Th Y. FPAARBEI SO TR EBMEML T FIIMEAIZINTHAHN &
DN ERRE (5T IHNRE) 20052 EULELERICL > THRIEINTH S,

TSEEIZ FL B R T AN — Z B I TR T19.7% DFPH AN Ly M S
X7 D EM, ERREOTEE s F -0y FOF A7 FaTRBOFERD S5
PoTnB, COEREHEI— FTHERTALDIEHEIE/ T A —FII_— 2 EHEFOD
HEAETFote T BHENE5 A —FIZFPH AOKHBE LBRBPOREEAGMIIFERLT
AT T, MR, BEREIC OV TIIFRAP-T6 L FEMAXI- T THT D& (B
LR EET100KEE) 2395 S OOFPORIERIZDVTRIZIE—H U/, Fig. 9IIFRAP--
T6& FEMAXI- I & » TROIBEHRE O L E S A H A Fig. 1001CHENITEBFPAZ
HMBOEAET T, DThOI— It T HEHE45kW/m TFPA AHIEHIT3920% &
1552 ENTAERTS

EEOER T, N— 2B 4 mEOERBEIZ OO TTDR, ThE I Uikl h
LA A EE L b ORERBRE & L/ UVZBE Uic, Ll FRAP-T6HETIZR—2Z
B L/ SV A S TREOHESREZ AFREELLOT, MHHSERINI U KRR
ARET A TR ABAFHEAT - 12, |
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R—ZBHOER, TSERICAOIERBED & OX— ZBHFHROBMETHOFPHILE
BH AR F 2 TRABOHR19.7% TH - 72[3]e TS-1~TS-SERICH LICBEITFig.
IR T I RBOBRBEOR VLS P oM L, JOHFRFPHADA VRV M=%
£ RN—=ZABHHTOBHENEENENSFPHT AORBEL S, BB TEDOFPH A H
RD19.7%H 5> FRIZH L 1252005 DR FMFPHHEA T 3 721 XR21] O )
EFPHUNEROBMGE (Fig. 11) MW, Table 3IEBBREEZ 13454 L TH oI RREN
DOFPHHEEOMARAHETRT . KBAFRTR., FoX vy BRERZ O OREEL L8
HAcHATA6DE L, FPARERBREEICHATADD L Ui, SHREOR, BF TR
MOERBBIATRIL L 12805 O B 711249k wW/m. RETFPA XM HI330.9% LHEE S i,

PR F CEBICRS X NIOREBIE R S v 7 E367.0emili UTHRHEN D 8 HEMO &K
1163.7cm* ThH 5, . EBRBEHIZ Y v 7 E12.6emilH UBHAZRIIIH Tem®THh b, LU
o THBER 25 v 7 EBRENEA, 0.174£0.56 L EBRBEEIH 3EAS, J0
7o, FPHZRIBICE AREERE JOH ZMBOEIT, FH URHEERICH U T3 B
BOFDNSWMEETRL B, LDt T FRAP-T6TEIZE VT, 2 IVARHHT (N—2K
5% OMEORENEBOERIGE LI, AT AES KCHMEREHAE LI
SF Y. HAEEAH30%, Xe70%E LO.SMPaD#IAM & UTAR—ZABHFREET 270,
A — 2 B BEDE I J1% 45k W/m~50kW/m & U TR I EGEEE i, 2095, &itth%E
47kW/mE UTHE LRI, BFRMFPRIE28.3% TRRFELIMET » 7, 7z,
oy THADOFPH Z0H G, BBREI 2O TH, FEPIEHREANELEL -7,
FRAP-T6E DR, BMEHODSHEHE (R/Ro) <0.4D85 Tidy 100% VO FPH A
PEEINTOAESR Tl LIz, FPHEHRIZ0.4<R/Ro<0.7HFETERITESD L, HHEE (0.
8<R/Ro) TIHZIF 0 LFHEINI, Fig 12ICFRAP-T6TE TH S NI FESRIOFPH XD
HOHES T, Fig 1BICEREFPH ABEST AR, /o, /VABSHIOBEHID0LT A
rafR Vv AF Yy Il L DB ONIYCH A Fig. 141079 Fig. 131K LAGEHETXR
b ORI EPH ADERFERIE. vA 70 v XF ¢ = 7 THONTCsD5H (Fig.
14) EEHEMICRLO—FETR LU, /. FRAP-T6IEE T AFPH AAEREDT1.7% D
35, 13.3% BN RICEETAELTN L, Fig. 1SICRIE47kWE LTEIRE LT
R~ ZBEHE T O BE T OFPAH R OB F A & AR THATOREME 2/ TR,
HEOHE, BEPOREIT1698°C (1970K) KEL T3, N—ZHEH T RO EAT
BAEOHERIL, BEHOEITENES (Equiaxed grain) ORENEDONTH D Rk

(Columnar grain) PR SHBVHR2, 315 51500CL E1700CUT EEZ SNT %o B
H 47k W/m D SHEE I OEREIZ1698°CTH ) £HBREOHRIRTRED LIRT
HADFEI L, £, SHRBROERR, 33 EERRo=05OMHTIKA-F 27
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= 25 ASMFhAERENI0MR SN, JIUIFRAP-T6EHH TR S IcFPA ABGHEHK
X BT BRBUITHIEL T 5o

Table 42— ZBEHOBEORKEL B %RE (Post Irradiation Examination
PIE) oL - THLNERE, FRAP-T6IZ & » T EINIHERF LB L TRY, /LA
B B OB AT O ER BB T B35 A - I DWW THEBREREPIEOHEREATHL &,
BEAS Ly N ERBEDXE v v TV ZBHENORELZHRT 2 DIHF v v 7%
70ume UTHELRERE, X~ 2BHRTH TSR emEHEINPIETH NI ANITOD
Ey oy TEIOLmEKREL D, i, FETHONLEEEDS V- T 7 /3B HTHITH
H. ZHLPIERBHAHEREH LTS, FETR/ Va s —BREFH LTV, 85—
DEALEEIZ3 ¢t mEPIETE SN BEAME6 p mEKERVMELL > TNE, UH, JOFHE
THF vy TOMELBEHALLUTIYED 72is, BHCLA2BHERD v POTRITHED
Xy TOREEE LT Relocation® T INE{EDIID 5 7,

Ll O#BEIZ & D . FRAP-T6IC & AR — ZBSTFHERRIT, VA BETHI O EBRMH ORIE
FHEBENBCHRLTNALEEL .

3.2 /50 Z R

28U Z BEE BN I S WA ERFERB ST A7), ERTAEDHERAZL
BORHEBEAIESE Uy F /oNSRRERIZ AT 3000 BB EA e TICHR Rl I hic
FRAP-T6 1 — KO RIGEFHELE OB L H D B TTS-1~SERDFHTEAT - 720
SL Z BB OB AT BT EP A A R HE#I20% 2 ERT S E-7RIEN
47k W/m. BT 26GWAUDRETHE L,
SOLZBE EOIEI A ORI EE TS 4 ERZFIEHT 5. BRAKEDH LK H
SiEHANIEBRBENL, Fe 160RTHRIC, Sulichi#shs, ERBRIIECERKIIS
b MNE DRBAEEFFO[22]0 TREA TS F TRERLISE LE 3 BER TR0
EREIIET S, WETRES LRETAN, ERIMAEICHE LD, HEERKEZ100C
(373K) K& IZBATD, BT 7 ILER VAR FICNRENICER o bR
TE— 7L, BREBENS VT Y MINELEA DR LIETT S, dH, VOV S
B O ATIGEANS O FzbIc, 7OV AR HORMEESAE L, YTy AR
ARSI O TS 1 ERE T, PPERTRB L v/ VERYE—7 05 (5
I BH) , Fig. 17ICTS—4EBRICE T 2B v 7 IV EORREBE 2R,
JOUZBENT LD BEARL Y MIsEIEERL, WEELERL. HEELMULY
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%, Ry NEWEEOBBIHTEIER (Pellet Cladding Mechanical Interaction : PCMD
UV ZBEHERICHE DR 161KBLTHBE B LURBEEOREEMRIKNT S SsOF;
SETHENTIND, COERERVy FRF v 7RBEAKLImMmPMUERL, HEEREIL
PCMIK & BB E0.94mmDIBT S EHE I N, Fig 18RV y B IUTBEEOXE
EWETT,

PCMIV LA BEEDRANT IV ZABHEROWBEEEE LAPERIEONTHWSRLT
& b2 LA ARG/ RS E43TMPalE LT B, BARIEHIER Yy b BEEDMHUL
PR L. $92.8s TRADS5IMPalZE LTz, WEEDBRIGIIIFE THI1300MPaTH -
1= b DSV A S BRI HEEORE LRICL D9I0MPaDEE T THRAT 50, HEER
EH#127°C (400K) TERET S 5sEl#izii1150MPaE TRE T 5 D EFHRE SN, Fig.
WRIGHOBBBELTT, b, ABRITR. Uy FOBBEERIEINT, REELO
BRI RTADIREL, £, Ry FERIGTH YA BEEELERSIELH0DL
i LI-FRACAS- I 7 IER,

Table SIZFRAP-T6IZ & BTS-1~SERDBHTHREOFENHELRT, BRHERICEAL
T2 EBRTE, DTPAEHBEEREESAEINTHARITH S, HBEERKIZRK
170°CIz % & D 4% FeBERER: (Departure from Nucleate Boiling : DNB) IZ LA HEERED
& FRIERAE Uit oo, BTREREEERNAELLENL (CHBALTO S, TS-5%
BRIZBWTHEEH D D54, FRAP-T6O Tl L /-DNBIC L A HEEREOS ERIRRT
BRAE LD ot Fio. BEHLEEBFRAP-TOEILL 3 ETS-1~5FBTI09C
~1450°CIZE L. b O EHEEI N B, Fig. 19/ UVABSEBIIB 2B E-7 2o
P EBEREOMIEET T, Fe 201ICBERVy PEIUBETORAMELSR Y-/
v A EORBMEETT, FRAP-T6HER . ERTHESNIHEEELIUBRMEL 21
OEIGERFML TS,

Fig. 2UCMECRONIHEEDISIERT, £, SETHRONLIT) /EOMELEH
T B AN BE U Ao 1 A TR Ut TS—4EB E TREEEICARBRIEH O
AEEICEESTED., EROBETHELBREZRMMRIEI NS - FITFE LT,

SSLZBHIT & BFPH ZAOBMKEIZOWTIR, Fig. 2217 THHI, FRAP-T6II KBS
Rz N THEI DS EAT Uiz EBRIEBY B HERIE. BPOMR TREN 5 S
FOFPRIZITIZELVHEDNS M S, FRAP-T6TIZ. FASTGRASSI— FIZ K DFPHADE
BASELTEY., I— FTREBRNBEOMBEEICHET A cHET IV (BEMEARIZFP
OILWORE S EEAEMIRAEFIV, =4 207 F v 7ETINE) HEASNTND
. WMETERIT, BHMERIIEAVETT 7 V7 v MEEPPower  Cooling  Mismatch

(PCM) EBDVERTH 2, RIGEFROBIIEFICROMBREA TR, HIOBHAA=X
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LOEANDBELEZ SNb, T, FRAP-T6TIHBREREOHIMEZIEEIT/NEFELT
Ao

4.NSR77V- L 5847

NSR77IERIGCERAZRICE I 2B KFEREOBE RN T 2 BN TRES ORI —
N[6] T+ MCDRAN- [ 2348, H—#EoRNE L UBHNESE#BITT5 50T
b5, F2— FiZ. NSRRERIZHIT 2 RBHREBEOREBOBINIIL RSN TRTE D,
FIGERREHII BT A RBHBHOBES JURBERE L BHRT 324]12 LR HNT
Wb, NSR773— KiZBITid, 47 2— FFISGASIZ & Y FPOEB AR T A FA W FET
H 0., WHEICOWT Y 7 I3 — FMATPROIZERIE ES—OMIC DO THEDH R
EZERLUTVWAD, WEHEDZ Y —TF I 20 TREFMEDRINTE 5T R
CHEBEOERIIOVTHRERBLAERINTNEL, £IT, FBITIZELTHE,
NSR772— FIZBHIC EAPEEZEBLAVETHVWAEL Ui, 20, REHEHOZE
BT 550 E UTNSRITHEZ T, ERICBSRENERTRUCEH L ERT S
ok b, R=ABHOHMRELHONITTEIELHIIE LTS

EEMRITIITS 3B LUTS-4EBRAEHRE U, Fv v THADEOIZL BRR (TS-31dHe.
TS-413Xe/Kr/HeilR&H X) « BLUBEV y B LUHBEEDOF v v THROMEITEH U
TEHEAT o7, Eio. TSEREDUBA L UTH » L RBHBREERII SO THHAELT
b BERAER U,

NSR-773— FIZBWLT HFRAP-T6I— N EFEHEIC. EBETMERV v MERAEARGE
U WEEOAOER AL BANEETVERRALTED ¥+ v TR ULREN
by b EWBEOTADIIUEL~RELTERTHETNEL T,

EERMBE DR BT, WA E2.79% OB EHE A BMEE 22GWdAUE TRE LIERD
R R A ORIGEN-23— FiZ & H Ko, & O ANSRRES U BORBS 2T
BB & > TRO I bO22)% B, Fig. 23CFBAHROENMZR T, EHB. 1l
ZOFRAP-T6HETHIE LB AR Table 6IINSR77IZ & 2FTHERO—R 2R
T, D85 A= E LT, BHEBEEOF v v TREEEROISS tm. N— AR
BRTEHORMIOF v v I 70um, BLU40ume UTHEET 27, Fv v TH1SSemBk
P70 mTIT» 73BT, 7OV ABEHC & > THOBB EWEROF v v TREIUSFENL LS
2OV ZBENT A BB EORTAMTIR0.12~0.19mm & BEIRBEDMEICHE » T 5o KB
TS-3EBR TRBESOMIZ0.05SmmE/NE { BEREETH -7 L L, TSHERTRH
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LOBADLEEEZL HND, F1i, FRAP-TOCIIBBREOHINIZHFEIT/NS (FHELT
AR

4.NSR77IZ L B BHr

NSR77IHEGERATRICE T 2B KFRHEOETH 2B 2 BN TRESNAFHE I -
F[6] T+ MCDRAN- [ [231Z FRIC, BH—#osiic L UBENESZ#EITTL 50T
H 5. F2— FiZ. NSRRERIZ B} RBHREBEOEBOBITIILERINTRTED,
RIGERHREFIIBITARBHREORBES JUEREDE L CHEIRTA241 2 EDFONT
A, NSR773— KIZkWTId. 47 2— FFISGASIZ & ) FPOEBN %R 5D FET
B0, WHEEICOWT Y7 32— FMATPROIZEREIEESF—HOWHIC DWW THREDH R L
ZELTVAN, WEEDI Y —TF I VEIODOTRETFTMED R INTHE ST, R
CHBEHOEMIIODLTRREREBLAELZIATNEL, 23T, EEMICBO TR,
NSR772— FIZBHICEAYEZEB LAVWVETHVWAE L Ui, D0 KBS D2
BAEET S D& UTNSRITHEATO, EBICRERBNNERTRULED LT S
FZE D, R—=2BHFOUREZRoDITTEHIE2HE LT

EBRTIITS 3B L UTS-4EREHNRE U, ¥+ v THADENIL LR (TS-31dHe.
TS—-4liXe/Ki/HelREH ) « BLUBRRV y B LUBAEOF v v TROZRIZER L
TEHEA T, F72. TSEBREDOUERAE LTI » LR REBRBERII OO THERELT
Dy BEREEE U,

NSR-773— FIZBWT HFRAP-T6 T — N EAHIC. BABE TRV v MERAESARE
U WEEOHOERAZ2ZLBAAGEETVERRLTEY. v v TP CARENR
Ly bERBEOTADBALS~ERELTERETLETNEL TS,

EERMEHED R BT, TR 2.79% O EHE LB 226WdnUE TR LICED
HEEHA A ORIGEN-23 — FiZ X h Ko, JOBEZNSRREH LBORBA LTS
BRI L » TRO I B D22)E B, Fig. 23 FBAMOUNA I ERT. k. i
ZOFRAP-T6HHETHRUE A4 E A, Table 6IINSR7HZ L AHTHERO—TER
T, BITO/S5 A7 E LTI, BHEHFEEOF v v THEEAHENOISS tm. N— A BEH
SCTHORNMIOF+ v 770um. BLU40umE UTEHEET -7, Fv v FE1SSumk
G0 mTIT - - HE TR, 7V ZBSHIZE > THRB EWBEBEDF v v TR L 3 <
sOVZBSHT K A BEEORAMSNZ0.12~0.19mm & BEIRBEDMICH L > T 5, JZEK
TS-3EE TRBEEEDMN0.05Smm &N {BBREE TH -7, L L. TSH4HEETE
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0.55mm&ENX Ly MU D0 TmmiCH M T2 HEE (EtE) MULE& LI, Fv v TH
40pm& UIRIERRER, JORBEREEZL(HBAL, Ll SEIZEIE Ly b
fBNTL.6mmBIE TH O, EHMED 2 FFEVEES - Tind, ¥+ v TE40 e mDFHETIE,
POVZABHBIINR Yy FEBRBEOF v o THEAL. XUy MIEOVBEENT ST
TWAD, ZOROEBEEIGI640~T700MPa& > TH D\ Film~100CIiZEI3 5 V7
O 4 WEEOBRKICTI1300~1000MPail BNT/HE L, BENHBRNTHL2HEFELTH
%o Fig. 24 BV v B ZUMBEOMTESRZ, Fg 25ICHEISNOHEHREL R,
TS-3B L UTS-4ERICHFPVWTHBEEDHRUBNAEZ K EL - TOEEMRIE, Fv v THEN
R—=ZBHHOEANBEHDEANIZIE DR - THIHIZ, PCMICEENRIT b0
EEZLNE, NSRTTOHEH R, Ry MEHBEZBEAFBLTO SR, FHELTE
(OWHRBEEORMRILL 3RV y NRROBS ONE. H50RBQERBIZ ORI
Ly P FIIZ H0.5mm~ ImmBEEOERIE U TOAaHEENR. SOFITLIRV Yy
hZ& oy ZRUPRERED NS HEINTHA I E, D2O0ELONE,

BERVy MBS Xy v TORENMI L ZRBEEEDOENERL L, Fv v TEFK
1 (1554m) BE. Xe/KyHlEAEH ZOEHEF v v TRIREFHIN ST 0ol Rby
FOBRBEAIVNSL, BEERRERE » v TH AP He TH B HEITHNT UL Z B 21
I3 2 DA &S - T A (Fig. 26) ¥+ v TANI L UICHBEORR ST, MBEEET
BERFy v 7E270ume UHETIRISS tmD#70%. 40ume UIEt HTIRTIR#I30%
DIEETL > T B, HU, BEHLEEIESE DTN TV, Fig. 27KF» v TH
AFBEHABLUHe E U BA DX RHHOBBRERX S, LE3AHEOY v v TR T
HELUEREETT, FEERR, Fv v TEINS BT OB E I OEEHME <
HEHEAERLTED, 2OWRRF v v THANEEGHADHELHDHFIREN. INIE B
SHZDBIEBENHe DB UI0E NI NEDEEZL SNE, Fvy THNSOHEITE
¥y THREERTICEBMBEEILLVREZDTF v v TH ZAOHREBE TG, B
SR ER TR, TS-2~4PCMIK L AW EEOHUDKRIEIN TN BFN o2 BRI,
SOV ZBEEHTIIR Y y MNAEEEF ¢ v TREAU T3, BEEREORIABZEIIN L TE,
oy oy THROEBIIFRBHBEICEN RO REEEABEICHEIN. TOBRS/NENE
AEERIIRLUTH A,

Fig. 28K v IV EDFIEHREAT T, ¥Fv v TEAREVASS pm)a &IV v
FOBRBEINEL, FUTY ML OB vV ERLAL, OFHETOHEIC
BARTRPE -7 LU FNEDRRL - T3,
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5.3EHEER

A E T2, FRAP-T6H L UNSR77IC & Bt E#E 4 EBFE R & Ok THBHMET U, BT
MR O RS EE R EREBIC T A 2 — FOBEICEEN. BICER. BHFRMOEHORR
EMIANE L R

BRHERE

BB — 7 T 7V ES55~98cal/g* fucl DEHOEBR TRWBEEXMIZLHIWICHE D
DNBIZHE ) BESHEEDSA FRRIFARY, ARSI RBEERRRERENELD100°C
AREIIBAIED o1z, 1L, REEN KR TIT > L TS-5KBTIT. BREAMICHEES
BER170°CR EAUTHE DDNBIRE KRR TH - 1o S EERR LI, AERICH LT
FRAP-T6/IDNBA T U S BEIRE 4452 CL#HE L(Table 5)v FHEBRADNBOFA
USUMEEETHD LA TR L, SEEERDNBLEVMEEZSVR(FEL TS L
ZARETHAHN, JFEMINTREVLEELOND, JOHER EFRAP-ToH LU
NSR773— FHUTSERIC BT A HEERTEEE L AR U (Fig. 29). 7. FRAP-
T6IZTS—1~4EB O & 512 7 — ViS4 TO RS EBWRRK L8 TODNBOFA I RN
E—% 1Y 4 W E110~120cal/g fuel THRET B I LEFFHL TS, THAEEBRMNICHEZET
%0 EREKOERENTIRATRTH 30, TS-4ERICEOTOBREMIIIHEETRARE
BRSO CIZELTNA D EAEZL B EMEY— 7 L 7 )VE9Scal/g fuel K&  1FBAA
WEETDNBIRET A 2 ENTFRESIND,

NSRRIZ B B R BEEEERTIE, DNBOSRE EBESL v MEEEF v v 70 LS
CERBOMIME S - TH D BERL y P EWEEOBMOAET S LDNBIME UL £ O
BOHESORENELIREL, FORRE ULEREIHERFINE ZESHONTHS([25].
WBGHABERE A TSER T, WEISTT L IRy b EBREOEMIB AL
BEAIITIRA U TOBDDNBIZAE LT, SO EREHFERIZBLTIZLT L b,
¥y v TOBENDNBER - T HETREETREN EARL TS, FRAP-TORKBWNT
3. BEAES Sy v TABRNE y » TEBRF » o TO2ERIIAITEATE D &
BEFE y v TOE LPCMIDRAE T BRBUICH - THEOF » v TRAVWTWSRELZEL
TWd, Jhid, BWICIEFEEREF v THBEETH A PCMICL AR PHIEEZ R
AL RBRNEREAENEETH LD EEZ 5NLB, FRAP-T6ORMHIF v+ v TOE
A I HMOLALEBBERLELIFET S

B Ly NEFIZ DD TIEER THRAE SN TU0AS, FRAP-T6H L UNSR77OF R
GEELLY LA LE IO TEO—HATR LT A(Fig.  29). MHEEMERIIDWTA,
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oy TEHE UNSRITHENMMENREORSEL /NS CAHRLUTH ALY Fig. 26K
FUICBER Ly POBREREDI S 405 & 5 IR ERR I UV Z RS L FREHIRRE
EHCERICI AN, SIS HEND, Fig. 200RUCERBENEERETH D ROK
ETRTHREAV y NOBARBNZIEHE DRELIT,

BH/BEEOLE

TSER TR, +VARHBFIIPCMIC LS EEZ ONABBEEDIELBUDPRIE SN
HAEMOMURE () 1EHK0.55mm (0.44%) & MUE BERNTH S0 Xy FZXF v 7
WX (E) ORAM0.7TImm  (0.56%) & REE OETH O, HREMILALHOALTA
Ly MZBl-BonTHMU I EEBRLUTVWA, FRAP-T6BLUF ¥ v THE40umE L
FINSR7TAHEDMH R, BEEOWMARMUB LUV y X5 v 7 0%, Ma—-F&b
LB THONIHOE 2 FICBAFM U T AFg  30) KBS OBREHER - /CEBR T,
Fow TR BERYy N ERBEEOBEMMIEAEELLTVWGER. BHXS v 7
O UIEFRAP-TOIZ & BB E L —HT M. Fv v THULRMEE CERAET 256
IZIEBEI R Ly P OMNITEI20% BENE{HAEDRNON TN A[26]e ZOREEEICL
ZRFICE DBERL y MOEREINA LD EEL 5D, FRACAS-1ETVERV y bE
Atk & RET A 72010, BEEBRBEROATSERICBOLTHRBARY v POMBTEZBKET
HMLTLWALDEEL OGNS, &5, TSERAHOBFHEBWRAKBIEZRROSERMEHE
EHF L. ZOWEmh SBERY y b AS~10mmBEER Y BREMBRVy MEXZABRTL LT
R AEE LTI TN 3B[2-4)c FEHmBRAITEERS KFRHRL v P EBEALy b
OREIZBEIEABEAELE I IEBE L THEAINTH A, 0.5mmBEH 2 0IEENLTOR
2% AAEEMREETERD, AL DERIIRIER Yy FRT v 7 HUEIES0%
ERERBNIHLTOATREESH S, L L. WTFhice L EBRERITREERE O/
VABSIZEABERE., HEEICLIIAMNERD D, dOBBEY -7 2 7L EN
100cal/g fuel U T OEZHTRARBHBE L ENTRE(REDTNIELZRLTN S,
FRAP-T6H L UNSR77 T BEOHHEIIMATPRO Ver 112715 AT 5, RETNT
EEERARE, Pu0, B LE., BREAOMEE LTEATEN ., RENIHES A RKS S
WIZEEROFPOERIZ L B3GR, BB ZY 2 UV 7 E LTEINS -7 v TORY
ELTHEZONT WS, MEFNTHEERETOY - Y UIENEZLTHAIH, FP
HARKBPRAY =) S EBBREN SR EH ZAORE P OBRIFENH S DT/HE S
1 %o NSRRIZE A/ UV ZBHEED & 5 1K OMBEM TIIFPH ZA[BDERIC L D RE
RUy FOBEMILGES WA TREMD S 54, TSERICEWLTIRBEZS v 7 DMTIEARN
SR OEUE NS - 2l EN S, EROBET Y 7 )VEREREE TRFPH ARAED
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BRICE ABERYy FOSEEZAY 2 ) Y VBRREXLOD. HAVRBRNNS -
tbDEETLHNA,

LI O ED S BEFBWRBEHHOPCMIIZ L ABBOWHEEEIIANTE LD TH L, K
EHRAL V7 IV E98cal/g fucl ¥ TOERTH SN WBEORKRER0.44% (TS-45KB)
THERBBEN TS - CORBEDOEIR. BEEOBERN O TRINSER0.1% T~
THEICAEL, GLARV RS v 7DOFER0.56% SIFFE LD, o, ERESSDy
FZY w7 EFFELLIEDS, ERESPCMICLZ D TH IRV y MEREEDORIZIZ
EAEBDDBOKETH 7 EERLTNE, UL, JOEERBFHESEFEE DB
B 7-10% 12 RTIEFIT/NZ . £, FRAP-T6H LUNSR77IZ L » TEHli a3 hiic b
ZBEEOBRBERNT. TNENHSRIEH3x10°MPall T FEAMIES2x10°MPald T
THY(Fig. 31). FRIKHIZBEHABEEDT R DRI 1Ix10°MPalil R THH/NE
Ve fBE. TS-3EBRTIITSAER L AZAVWERETERMTOO DI bFL S THE
RAXWHEEELMMIEINTE ST, WEEDV ) =777 LN EOBWRRROE S,
RAEF » v TORBIZL Y PCMIOBEERIRKE(RN1EbDEEL N5,

Lt Eds, AMER UARRSEHTREATHERRBNHUOHNI0ZD1TH
h. WEEOEIRRBADBHEELED -2 PCMIKLZWHIRAET S ETNiE, M-
mJMJ%ﬁpmféehtgéﬁﬁ%ﬁﬁ@%%%%i%ﬂ&vvb®ﬁ%ﬁzv1U>
TRRELBAIIESNB LD ERDN S, TSEBRME ZNSRRTHEH LicGE DRE
By TV HVER, BAOVZEBOT b#100cal/g fuel KO T I DRICBL TR, IME
BEDHRBREROERY L RFATILENH S,

FPA ZHGH SR L5

sV AR X BFPH ZOHIIC OV TIE. FRAP-T6IIEBRHERICURTNSWEEZFE
Utz EBRICBIAHERI. Ra— Pk aX—-2EEEHETTFHI NI EFHRT (Grain
Faces & U'Grain  Edge) OFPH AEIZIFHIFHE LD -7, FRAP-T6TFPH RAOEHEFREL
T AFASTGRASS I — Fid. HEIROIBEHIIHIGT 57:0€ 7V CGAEMARICEP
HASAONEORSE UTIEE, BRI 4570, SERERORELY
RIS LA 707 5y 7 EFI) DEAZNTVAD, EEHIVTAMERER.
HEEhIc LBV ET T2V F v b8, $ 54 3Power Cooling Mismatch (PCM) ER%
FHRIRITIN T B, RICEFROBLIEEICROMBEHTR, HOREAHZZLD
BANBEELEL oM A,

FPH ADH XN A EMENENERET 5, ERABEEL TV F LEOBIHENOER
ERGEEOZRY v 7 EXIHT 2 UPRROEARBIZENTH IHRED. JORDH,
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ISIVABEHI & - THEREDHL0% OFPH ANHE INELTH A ABRESEROT X
b oI ETIUIBENEIL#0.16MPa LA T 3108 5, RICHEIN/ A ZDEE %
B RIRED#1700K (TS-5%E : 98cal/gefuel) &L TH. NELFEIZOIMPaEETH
DEBICH T BNELFEOREMLSMPalZ b3 LN E W, Jhid, ERTIIHME CWE
EOF vy THEEAEHACTO D, BEEEO TV F L0 R E U THIEET.
FEEEMICRETHOENDS LA LD EBEZ o5, 12720, BHAEIIL VBBOR
he HEVEBHEIBREZZLIVERETE, Fr v TRECOTRERNERL UAFHLC
WOMEIC B 2 ENTFRINEG,

PLEDFERN O B HBHBEONERAD RIS DOTHRET 5. EBUTER LK
FHBWRAEEI N — 2B P OFPH ZOREIZE D 2 OWERFIIMPailZE L T 5, TS-2
BLUTS-3ER TR, SV ABSFHCE O WERM¥2MPaZ TER L. REICE2RHMIET
13#915MPaiZE Lz, TS-SERTid, /L ZABFICE D NERF2.6MPaE TER L. HiE
W& AL MG IEE20MPail#E Ulce REABEHI L ANSRRER DR TIIBHAREL
& DR A EIC20MPaD 6. HEEREN00 CITET A LBHINERRT S &
DEISN T A[15], KBHREEROEENOHET BB E -7 2 V7V ERRET L L
#1160cal/g fuel &5 %, 725, FRAP-T6iZ & B THlFHHIZ180cal/g* fuc B THEEREN
900" CE A(Fig.  19)o I T/ SVABEIC L AFPH ADEMBUIATOEHEEEZ D L,
IMPaicHe/E LB OB QBB E— 7 1.0 7 W EI3#9180cal/g fuel THAHD T, FP
HADEMBEHOMRIZL D AEBEBROBME -7 T 7V ENET/NE (L5 et
HBETERBING, i, TSEBRRERMA UBEELHOTT o120, JOHREEAERO
HEBREREICETIIH S L, Table 7ICART LI, BEREEEIT T L+ LOBBEIHAXATIC
INEWDDT, RIZFPH ZERED10% 03XV v F OREEEI700K THEMIZRH S hick
T5&E, HEEFRICEZ/ V2RO B ERIZ L D BENE LAH3#2 sMPa(wiIE L D&
5H93.5MPa) D, AL AR A RGTF2IMPailET 2 D ETFRENL, 1E- T,
EROFEBRHEOHEAIL. SROEZBREEENTOPROEEERE T -2 MY
BAERITREEERD 5,

6. 55w
%ﬂfmﬁ1v?wE%mmgmdiT@ﬁ@?ﬁbhtﬁ%ﬁ@%ﬁ%mumqms;ﬁ

NSR773— FTHET UARE, f0— NRERICH 2B ETA LR & (L, B8
BRIOIZNVFERTII UV ZABSIC L APCMIPHE ERIZE D BB LRENW DO T4
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PV ZABEICE - TEBREDHL10% OFPH AN SN E LT H A ABRENEROLTEE
H O ETNIETBRHREIT#0.16MPa LR T AICHE 5, I SN ZOREEH
B REDHI1700K (TS-5%8 : 98cal/grfuel) & LT H. WHELEAEIZ0.9MPaEL TH
DEBRIZET AN LABDOREMELSMPall B E/hE b, Thid, ERTRBEERE
EOF vy THIEEAERLTO IS B ETOT LV F L0800 A & UTHIEEE T,
FEFEEITBB TROENDP LA LLLDEEL NS, L, BHNEILL I BEOR
Ny HEVEERMEZDEIUEHTR, Fv v TRHCOTHRHRNERG ULATHEIC
TVEICE S ENTFEING,

P EORRD o BHEREHEONEBRAD T REHIZ DO THRI T 5, ERITEM LS
EBWREREEIIX— 2B FOFPH ZOKMIZ LD £ ODREEFFIIMPalLEL TS, TS-2
BLUTS-3EB T, /SVZABHICE D AER¥2MPaE T ER L. ARICE SR8 HRIET
(2FI1SMPalliE Uiz, TS-SEBRTIE, »VABSIZL D REE#2.6MPax TLEA L, RE
2 & B R A R IE20MPall E Ufce RESHBRHZ X ANSRRERDFHER TIRIBH AL
X BB RIEAD20MPaD4 . BEERENEI00" CIlET 5 LBABIFNERIET S &
DHSNTNA[15], RBHBEEROHERD OHIGTARBE -/ L oI NELHRETH &
$1160cal/g*fuel &7 5, 7. FRAP-T6IZ & A FHIEHEI180cal/g fuel B THEEREN
900° C&EAL B (Fig.  19)e < I T/ SVABFHIL AFPH ROEBMBIENTVHEEEZL S &,
1IMPallHefE L7 OB OBE E— 7 20 7 L Ei3#7180cal/g* fuel THAH DT, FP
HACEBNBEHEOHBIL LD, AEBBEOBR E— 7 25V ERET/NE (LSRR
HBHIENGNE, Fho, TSERZERMCUCBEELROTT o), JOEREERD
BEBEIE TS L, Table 712737 & 910, RREBEEI T L F LOKRBEIERIIC
INEWDT, BIZFPA ZERED10% XLy F OREBE1700K THEMICR S hic s
T35 &, RICEHENICE 2/ OV 2RO N EFIC X A BB NE LR 2 SMPa(fIIE L O &
HU3.5MPa) L h . WHEIZ L ZELRIE/HIF2IMPallET B O ETFREINS, 15T,
EROBEBEOEAIE. FROEGREBICEANTOPERCEEERE T -2 MY
BERITuElrbh s,

6. %50
PR — 7 2V 4 IV E98cal/ge fucl F TOFE TH O TSERDFFT ZFRAP-T6H LU

NSR773— TR U748, Mo— FRERICEY 32 BBETEHENLCERL, BH
BRI DIRVFER TR VARSI L ZPCMIPHE LRI L DB LW /HO+473
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BREAMAE L TWAIEEFR LI, Ui ohicERNEREE LD S,

(1)FRAP-T613/ UL ZBSHFIO RSO OBEAABEF + v TEBOE I EICL D HEES
JUBERL Yy POERESLRENISBIRULY, EREY 2 SREEARICFHE U1
I OBREMIEREETFAT3HICR. BEECLIRAEROWNROGRELERT S
PEREH D, £12. NSR77EAWTF v+ v TRER T A -7 ELTT- KFBEILED VB
BB TIIRE/BESE » v TORBHBREIIERTANI VS, BEEBICHLT
oy THAOFBIKELLL, LLAF » v THROBYIFMNEETH L I LRI
N7

(2) B A BEIEER T/ U A BETRROFPA ZOBMBHIC & D o RIESHHAHEI AT
JUZBEHT & A BEHEORT ER K END, FRAP-T6IE Z Ve E/ Tl Ui, ~ IV ARS]
EETHIEINIIFPH ZBIZFRAP-T6DFHE LR — Z BHE ORI R TOFPH AEH
B LIZIBEMTH -7 LU FRAP-TODEE L7 UL ZBETIZ X AFPA RO RIS
REEBOHI0~50%I1Z8E 21 TOIENS, RICEREHORIIERITEOINEEET
DOFPH ZD B EFIVICTHUBPBETHLFIR NI

GBS R ERBEAO X VF THPCMIK L ZRBRIHURTLICE L - /2. FRAP-
T6% L UNSR77DE B R3OV 2 B B OWEE SWEEDT - RIS ITHA~ATHD
X<, TSERICAWBEBRBEBEAREIIAVIHOTATEERMEBL TSI LE
Lo
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Table 1 Major characteristics of the BWR test fuel rods for TS tests
Career Fuel typc BWR 7x7
Irradiation site Tsuruga unit 1
Period of irradiation 1972~1978
Bundle No./Rod No. JAB73/B6
Burnup (Bundle average) 21.3GWd/tU
(Rod avérage) : 22.0GWd/tu

Test Fuel Rod

Type of pellet

Dished, No-additives

Pellet o.d.

12.37mm (nominal)

Pellet length

21.0mm (nominal)

Fuel stack length

126.0mm (nominal}

Burnup (local)

26.0GWd/tU

Enrichment (*°U)

2.79% (initial)

0.87% (at 26GWdAUY)

1.41% (at 26GWd/UY)

(fissile)
Cladding o.d. 14.3mm
Cladding thickness 0.81mm
1.1 MPa

Pin pressure

Filled gas composition

Xe/Kr/He=77.9/11.3/10.8(TS-1, 2, 4)

He=100 (TS-3)
Xe/Ki/He=72.0/9.3/18.7(TS-5)

1) Estimated with ORIGEN-2 code for fuel at a burnup of 26GWdtU.
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Table 2 Summary of irradiated BWR fuel rod test results
Test No. TS-1 TS-2 TS-3 TS-4 TS-5
Fill Gas Mixture” | Mixture? He? Mixture” | Mixture”
1.1MPa 1.1MPa 1.1MPa 1.1MPa 1.1MPa
Peak Fuel 230 27521 366 370 410
Enthalpy, (55) (66x5) (88) (89) (98)
Jical)/g-fuel
Max. Cladding 383 383 393 423 443
Surface (110) (110) (120) (150) (170)
Temperature
(O
Max. Water 313 308 314 315 355
Temperature (40) (35) (41) (42) (82)
(O
Peak Fuel Rod NM 0.98 095 NM 1.5
Internal Pressure
Increase (MPa)
Peak Pellet Stack NM NM 0.71 0.70 NM
Elongation (mm) (0.56%) | (0.56%)

Peak Cladding NM 0.26 0.05 0.55 0.55
Elongation (mm) (0.2%) (0.04%) | (0.44%) | (0.44%)
Fission Gas NM 127 10+1 155 8+3

Release, %
Failure No No No No No

1) A mixture gas of Xe/Kr/He:77.9/11.3/10.8(Xe/Kr/He:72.0/9.3/18.7 in Test TS-5 fuel rod),

simulating the EOL gap gas of the mother rod, was charged in the test fuel rod.

2) Pure helium gas was charged in the test fuel rod in Test TS-3 to evaluate the transient

gas releases acculately .

NM : Not measured,
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Table 3 Axial distributions of Linear Heat Rate (LHR), fuel burnup
and Fission Gas Release (FGR)

Axial Section
Elevation, mm LHR, Burnup, | FCR,
No. kW/m Gwd/tU Yo
Bottom Top
1 0 102 13.6 7.5 0.2
2 102 194 15.8 8.7 0.2
3 194 285 | 251 13.8 0.4
4 285 459 31.6 17.3 1.9
5 459 595 39.1 21.5 8.6
6 595 744 43.1 23.6 15.8
7 744 2630 47.4 26.0 26.7
8 2630 2997 43.1 23.6 15.8
9 2997 3177 39.1 21.5 8.6
10 3177 3327 31.6 17.3 1.9
11 3327 3480 251 13.8 0.4
12 3480 3593 15.8 8.7 0.2
13 3593 3670 7.9 4.3 0.2
ave. 0 3670 35.0 22.0 19.7
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Table & TEnd of base irradiation conditions of tested fuel rod obtained by
post irradiation examinations and FRAP-T6 simulation

Initial Condition End of Base Irradiation
PIE FRAP-T6" PIE FRAP-T6"
Pellet Stack 3657 126 3670 126
Length, mm
Free Gas Volume, 32.6 6.9 63.7 7.4
cm’ (Gas Plenum (6.8~7.4
Only) for segment
fuel rods)
Gap Gas 0.1 0.8 1.1 1.2
Pressure”, MPa
Gap Gas 100 - 30 18.1 204
Composition, %
(He)
(Xe) 0 70 71.9 79.6
(Kr) 0 0 8.6 0
FGR at Peak 0 0 30.9” 28.3
Power Pellet, %
Radial Gap Width, 155 155 ~70 589
mm 749
Oxide Thickness, 0 0 Uniform: <6 Uniform: 3
am Nodular: =63
(Outer Suorface)
(Inner Surface) 0 0 <6 3
Cladding Outer 0 0 <+20 ~-1.6
Surface Radial s—40
Displacement, um

1) FRAP-T6 simulation of the base irradiation was conducted for a segmented test fuel rod
under a condition of linear heat rate (LHR) of 47kW/m, coolant temperature of 288° C,
system pressure of 7.2MPa, and flow velocity of Smy/s.

2) At the toom temperature.

3) Fractional Gas Release (FGR) from peak power pellets was estimated from the rod average
gas release rate of 19.7% evaluated from the gas puncturing test and the correlation of FGR
to LHR in Ref. 20.

4) Structural gap estimated by FRAP-T6[5].

5) Thermal gap estimated by FRAP-T6[S].

. 22 —
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Table 5 Summary of FRAP-T6 simulation on TS tests
TS-1 TS-2 TS-3 TS-4 TS-5 TS-5
with without
shroud shroud
Peak Fuel 241 266-295 366 370 408 408
Enthalpy, (58) (64-71) (88) (89 (98) (98)
Jieal)/g-fuel
Fuel Center 1182 1268-1405 1617 1627 1723 1722
Temperature K (909) (995)-(1132) (1344) {1354) (1450} (1449
(O )
Fuel Surface 1124 1202-1330 1541 1545 1645 1646
Temperature (851) (929-(1057) (1268) (1272) (1372) (1373)
K{Q
Clad Surface 308 400-410 425 426 725 429
Temperature (125 (127)-(137) (152) (153) (452) (156)
K(CQ
Pellet Stack 1.18 1.32-1.54 1.89 1.90 2.06 2.06
FElongation (0.94) (1.04)-(1.22) {1.50) (1.51) (1.63) (1.63)
mm (%)
Clad Elongation 0.23 0.23-0.58 0.91 0.94 1.00 1.1
min (%) {0.18) (0.18)-(0.46) (0.72) (0.75) {0.79) {0.87)
Clad Hoop Stress 8.5 8.6-133 428 437 643 586
MPa
Clad Axial Stress 3.9 4,0-256 530 551 724 694
MPa
Fuel Internal 1.33 1.34-1.36 1.40 1.40 1.48 1.43
Pressure
MPa
Transient FP Gas 0.8 1.3-1.7 4.2 4.4 6.2 6.10
Release
%
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Table 5 (Continued)
TS-1 TS-2 T5-3 TS-4 TS-5 TS-5
with without
shroud shroud
Peak Fuel 241 266-295 366 370 408 408
Enthalpy, (58) (64-71) (88) (89 (98) (98)
J(cal)/g-fuel
Fuel Center 1182 1268-1405 1617 1627 1723 1722
Peak Temperature, {909 (995)-(1132) (1344 (1354) (1450) (1449)
KO
Fuel Surface 1124 1202-1330 1541 1545 1645 1646
Peak Temperature, (851) (929)-(1057) {1268) (1272) {1372) {1373)
K{C)
Clad Surface Peak 398 400-410 425 426 725 429
Temperature, (125) (127)~(137) (152) (153) (452) (156)
KO
Pellet Stack Peak 1.18 1.32-1.54 1.89 1.90 2.06 2.06
Elongation, {0.94) (1.04)-(1.22) (1.50) {1.51) (1.63) (1.63)
mm (%}
Clad Peak 0.23 0.23-0.58 0.91 0.94 1.00 1.1
Elongation, {(0.18) (0.18)-(0.46) (0.72) (0.75) (0.79) (0.87)
mm (%)
Peak Clad Hoop 8.5 8.6-133 428 437 643 586
Stress, MPa
Peak Clad Axial 3.9 4.0-256 530 551 724 694
Stress, MPa
Peak Fuel Internal 1.33 1.34-1.36 1.40 1.40 1.48 1.43
Pressure, MPa
Transient FP Gas 0.8 1.3-1.7 42 4.4 6.2 6.10

Release, %
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Table 6 Summary of NSR77 simulation results on TS tests

Test No, TS-3 TS5-4 550-1
Gap Gas” He Xe/Kr/He? Xe/Ki/He? He
Reactivity
Insertion, 43 2.8
$
Gap Width, 155 70 40 155 70 40 155
am
Fuel Enthalpy?, 336 327 327 | 352 327 324 423 379
J/g (cal/g) (803) | (78.0) | (78.0) | 84y | (78.3) | (77.5) (101.1) (90.5)
Fuel Centerline 1473 1473 1463 1473 1463 1423 1723 1653
Temp.?, K CC) | (1200) | (1200) | (1190) { (1200) | (11%0) | (1150) (1450) (1420)
Fuel Surface 1373 1123 873 1403 1313 1063 1673 1483
Temp.”, K CC) | (1100) | (850) 600y | (1130) | (1040) | (790) (1400) (1210)
Cladding Inner 493 673 723 413 | 553 673 403 533
Surface (220) | (400) (450) (140) (280) (400) (130) (260)
Temp.?, K )
Cladding Outer 393 393 413 383 393 393 383 383
Surface 120y | (120) | (140) 110y (120) (120) (110) (110
Temp.?, K (" Q)
Fuel Stack 1.62 1.60 1.60 1.60 1.55 1.53 2.04 1.96
Elongation®, (129 | @27 | @az2n | Q27 | 123 | 121 (1.62) (1.56)
mm (%)
Cladding 0.116 | 0.186 0.83 0.075 | 0.117 0.77 .08 0.13
Elongation”, 0.09) | (0.15) | (0.66) | (0.06) | (0.09) | (0.61) (0.06) (0.10)
mm (%)
Cladding Hoop
Stress”, MPa 9.1 113 660 9.1 100 640 9.2 9.2
Cladding Axial
Stress”, MPa 42 137 760 42 122 700 4.3 43

1) At a pressure of 1.1MPa.
2) At a gas composition of Xe/Kr/He:77.9/11.3/10.8.
3) Peak values by the pulse irradiation.
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Table 7 Estimated internal pressure increase of a commercial fuel rod
under hypothetical RTA conditions at peak fuel enthalpy of
about 100 cal/g+fuel

Segment Rod
(Test No. TS-5)

Commercial Rod

(under Hypothetical RIA)

Burnup”, GWd/tU

Irradiation, %

26 22

Free Gas Volume, cm’ 7 63.7
Stack Length, cm 12.6 367
FGR by Pulse 10 10?

Fission Gas Inventory,
mols

4.58x10™ (Kr)
4.21x107 (Xe)

1.16x107 (K1)
1.02x107" (Xe)

Released Fission Gas,

4.67x10™ (Xr+Xe)

1.14x107* (Kr+Xe)

(Measured?), MPa

mols
Estimated Peak Fuel 1700 1700%
Temperature, K
Pressure Increase” 0.9 2.5
{Estimated), MPa
Pressure Increase 1.5 -

1) Rod average burnup.
2) Assumed.

3) Equilibrium pressure increase by the relesed gas at the temperture shown in upper row.
4) Transient pressure increase measured in the TS test.

i26 -
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Fig. 2 Schematic configuration of the test capsule for the NSRR
pre—irradiated BWR fuel rod tests.
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Fig. 4 Reactor power histories in the TS5 tests.
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LHR = 47 kW/m
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Fig. 15 Fission gas and temperature distribution at the end of base
irradiation estimated by FRAP-T6 at a linear heat rating of

47 kW/m.
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Fig. 16 Fuel rod temperature histories in TS-4 simulated by FRAP-T6.
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Fig. 18 Cladding stress histories in Test TS—4 simulated by FRAP-T6.
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Fig. 21 Estimated cladding stress in TS test (Measured/FRAP-T6)
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axial strain.
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Fig. 29 Fuel and cladding temperature as a function of peak fuel
enthalpy, meaured and estimated with FRAP-T6 and NSR77 codes.
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Measured strain was compared with the estimated strain with
FRAP-T6 and NSR77 as a function of the peak fuel enthalpy.
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Peak axial stress in the TS tests are

estimated from the FRAP-T6 simulation which caused the peak fuel

stress measured in the tests.
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FEKT  FRAP-T6I— NIZk B ISHBROMITHEER

Appendix I

Simulation Results of TS test calculated with FRAP-T6

Pulse Irradiation Condition
Test Base Irradiation Contents
No. Condition Peak Fuel Enthalpy, Geonetry
cal/g-fuel
TS-1 ATk¥/m, 26G¥d/tU, 8 without Input data list
B¥R Cooling shroud Summary list
Condition Figures
TS-2 ditto 64 ditto ditto
71 ditto ditto
TS-3 ditto g8 ditto ditto
TS-4 ditto 89 ditto ditto
TS-5 ditto 98 ditto ditto
98 with shroud ditto

,51_
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1 2

412345678%01234367890
T5-1 (47 .0KW/M, &, 4TETSEC,POWER®55/52)
/10 DATA BLOCK
INPUT
SI UNITS
auTPuT
s! UNITS
PRINT INTERVAL 2.235E7
0.1
0.01
0.1
1.0
PLOT OUTPUT
END BLDCK
ZSOLUTION CONTROL
PROPERTY TABLES
FUEL CONDUCTIVITY 100
CLADDING CONDUCT. 50
TIME CONTROL
TIME STEP 4. L7Eh
4.47E1-
c.002
c.o01
. 0.0001
0.001
¢.001
STEADY STATE LIMIT 9.5
CONVERGENCE CRITERIA
IMPLICIT .01
TEMPERATURE CALC. 100
NODALLIZATION
AXIAL NODES 1
FUEL RADIAL NODES 20
CLADDING RADIAL NODE 4
END BLOCK
/DESIGN OF FUEL ROD
FUEL ROD 0.126 0.0143 300.0
PELLET ©.00485 0.00D& 0.021
0.95 2246400.0 0.0
CLADDING Q.000070 0.5 1.14
UPPER PLENUM ? 0.026 0.012
GAS COMPOSITIODN 0.28 0.0
8.30E+5
END BLOCK
/POWER DEFINITION DATA BLOCK
POWER HISTORY 47.000 -1.04E8 4£7.000
6.000 0.0000 0.063
23.015 0.2300 74.9086
F93.423 0.2360 1431.362
44658.435 0.2390 B403.994
14715.368 0.2410 19462.755

-1.1E8  2.235E7
-0.0009 0.1
0.2001 0.01
0.3001 0.1
1.000% 1.9

290. 3500.
zve. 2300.
-1.1E8 4, 4TE4
8.93999E4 4. 47EL
-0.0009  0.002
0.2001 0.001
p.z2001  0.0001
0.4001 0.001
1.0001 0.001
.01
100 10.0
2.66-8  0.01237
2.0 1883.0
3.BSE17 4.4TE7
o.001 7.0E-8
0.72
300.0
-1.0080 47.000

c.2200 1.205

0.2320 243.7B6

0.23706 2582.22%

0.2400 12680.732
0.2415 24643.596

3 . 4 5 [ 7 &
12%56567800123456785012345467BF0123456789012345678F01234567890

~0.001

2.12
5.0
0.04

~0.1000
0.2250
0.2340
0.2380
§.2407
C.2420

1 2 3 L 5 6 ? ]
1274547890123456750012345678901234567B901234567B9012345678Y012345678501234567890

1 2 3 4 5 & 7 8
1234546789012345678901234567870123454678%012345678B9012345678901234567B901234567890

29872.345 0.2426 33711.953
40660.522 0.2441 41477.728
41711.861 0.2047 41653.807
41179.736 0.2452 39897.340
25873.517 0.2469 19464.850
16915,888 £.2t85 9054.758
3355.54% 6.2515 2053.668
323.291 0.2565  152.882
53.670 0.2705 40.298
i0.502 1.7500 4.360
) 1,342 9.0000 1.171
AXI1AL POWER PROFILE 1.0 9.0 1.0
RADIAL POWER PROF. 9238 0.0 L9362
9502 2.39544D-3 L9567
L9884 3.3B766D-3 9758
L9890 4.14902D-3 9960
1.0103 4,790880-3  1.01&1
1.0346 5.356370-3  1.0438
1.0647 5.86761D-3  1.0761
CLAD POWER 0.0123
END BLOCK
7BOUNDARY CONDITION DATA BLOCK
COULANT CONDITION
GEDMETRY 1.0
LOWER PLENUM ENTH 1.28269E6
83730.6
PRESSURE 7.3D6
0.1D6
MASS FLUX 3700.0
50.0
CHF CORRELATION Baw-2
NSRR
END BLOCK
/MODEL SELECTION DATA BLOCK
DEFDRMATION MODEL
ND BALLOON
FAILURE MODEL
GENERAL 1.0
METAL-WATER REACTION
CATHCART
INTERNAL GAS PRESSURE
GRASS 1
PLENUM TEMP
END BLOCK
FEND

3 4

1 2
12345467B9012345678%0123456789

85 INPUT CARDS

52 —

0.246430 38165.181
0.24645 41653.707
0.244% 41477.986
0.2456-3618B6.477
0.2480 1764B.231
D.ZL95 5505.266
0.2525 7B7.674
©.2585 %0.2%&
0.3000 231.08¢6
3.0000 2.677
10.0000
0.122
1.383010-3 G435
2.75402D-3 JPE30
3.65909D-3 5824
4,37345D-3 1.0031
4 _98451D-3 1.0281
5.53203D-3 1.05333
6.02B39D-3 1.0873
0.09928 0.00¥3228
-1.04E8 1.28269E¢
0.0 83730.¢6
-1.04E8 7.3De
0.0 0.1Dé
-1 .04E8 3700.0
o.o 50.0
4.3

-3 7

0.2436
0.24448
0.2450
C.24561
Q.2482
©.2505
0.2545
0.2603
1.2000
5.0000

1.955870-3
3.092500-3
3.91174D-3
4.585692D-3
5,i7474D-3
5.70229D-3
&.18500D-3

S 8
012345678F012345678901234567890123456789012345467B%0
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1 2 3 4 5 L] 7
123&567890123&56789012345678901236567890123&5678901234567590123k5675?0123656?590

TS-2 €47.0KW/M & L7ETSEC,POWNER*61/68)
F10 DATA BLOCK

INPUT
51 UNITS
QUTPUT
51 UNITS
PRINT INTERVAL Z2.235E7 -1.1E8 2.235E7 -0.001
0.1 -0.000% 0.1 0.2
0.01 ©.2001 0.01 6.3
0.1 0.3001 0.1 1.0
1.0 1.9001 1.0 10.0
PLOT OQUTPUT
END BLOCK
/SOLUF1ON CONTROL
PRDPERTY TABLES
FUEL CONDUCTIVITY 100 2%0. 3500,
CLADDING CONDUCT. 50 2%0. 2300.
TIME CONTROL !
TIME STEP 4 4TEL -1.1E8 L LTES -5.94E4
4.4TE1-B.93999E4 4.47E1 -0.001
0.002 -0.0009 0.002 0.2
0.001 0.2001 0.001 g.22
0.0001 0.22001 0.0001 D.4&
) 0.001 0.4001 0.001 1.0
0.001 1.0001 9.001 5.0
STEADY STATE LIMIT 0.5
CONVERGENCE CRITERIA
IMPLICIT .01 -01
TEMPERATURE CALC. 1co 1¢c 10.0
KODALIZATION
AXI1AL NODES 1
FUEL RADIAL NODDES 20
CLADDING RADIAL NODE %
END BLOCK
/DESIGN OF FUEL ROD
FUYEL ROD 0.126 0.0143 5c0.0
PELLET 0.004B5 D.G004 v.021 2.6E-8 ©.01237 2.12
0.95 2244400.0 0.0 2.0 1B83.0 5.C
CLAPDING 0.09C070 0.5 1.14 3.85E17 4 LTET 0.06
UPPER PLENUM 7 0.024 c.012 9.001 7.0E-6
GAS COMPOSITION 0.28 o.¢ 0.72
8,30E+5 300.0
END BLOCK
/POWER DEFINITION DATA BLOCK
POWER HISTORY £7.000 -1.04E8 &7.000 -1.0000 47,000 -0.1000
0.000 0.0000 0.380 0.2200 10.311 0.2250

3B.603 0.2270 144.531 0.2290 §4%,127 0.2310
1047.053 0.2320 2025.976 ©6.2330 3920.158 0.2340
7585.293 0.2350 14677.155 0.2360 17942.443 0.2363

23730.92¢9 0.2348 30047.922 0.2373 36423.302 0.2578

1 z 3 4 5 L) 7 B
123#5675901234567590123‘56?890123#567390123&5675901256567&90123#56?!?0123‘567890

1 2 3 - 5 ] 7 8
123456TAP0T234567800423456789012345678501234547B9012345678P0123456787012345467890

£1104.917 0.2382 44120.795 0.2385 46534.B14 C.2387

L9577.324 0.23%2 50573.749 0.2395 50788.286 0,2395
5085%.204 0.23%7 S50783.398 0.23%% 50574.02¢ Q.2400
49577.850 0.24D3 46535.779 0.2407 41108.380 0.2413
3464235.074 0.2417 30049.956 0.2422 23733.249 0.2427
21031.437 0.2429 19690.73B 0,2430 11259.462 0.2440
6648.541 0.2450 3703.405 0.2460 2137.C007 0.2470
1243.149 C.2480 733.125 0.24%0 442.073 ©.2500
275.968 0.2510 12v.027 0.2530 78,4640 0.2550
36.726 G.6000 18.583° 1.8400 6.607 1.9450
2.322 &.00C0 1.242 10.0900
AXIAL POWER PROFILE 1.0 9.0 1.0 0.122
RADIAL POWER PROF. .9238 0.0 9362 1.38301D-3 L9635 1,955B70-3
93502 Z2.39544D-3 .9567 2.76602D-3 9830 3.,092300-3
LPE94 3.38766D-3 #7588 3.65909D~3 .9824 3,911740-3
JFERO 4.149020~3 9960 4.37345D-3 1.0031 &.586920-3

1.0103 &.79C88D-3 1.0181 &£.98651D-3 1.0261 5.,174740-3
1.03486 5.356370-3 1.0438 5.53203D-3 1.0533 5.702290~3
1.0647 5.867610-3 1.0761 £.02839D-3 1.0873 6.18500D-3

CLAD POWER 0.0123

END BLDCK

/BOUNDARY CONDITION DATA BLOCK

COOLANT CONDITION

GEOMETRY 1.0 ¢.09928 D.0093228
LOWER PLENUM ENTH 1.28269E6 -1,04E8 1.28249E6 -0.1
83730.6 9.0 83730.46 50.0
PRESSURE 7.306 -1.04E8 7.306 -0.1
0.106 ¢.0 0.106 50.0
MASS FLUX 3700.0 -1.04EB 3700.0 -0.1
50.0 0.0 50.0 50.0
CHF CORRELATION BEW-2
NSRR &3

END BLOCK
/MODEL SELECTION DATA BLDCK
DEFORMATIQN MODEL
N3 BALLOON
FAILURE MODEL
GENERAL 1.0
METAL-WATER REACTION
CATHCART
INTERNAL GAS PRESSURE
GRASS 1
PLENUM TEMP
END BLOCK
JEND

1 F 3 4 5 & ? 8
1234567B5012345678901234567890123456789012345678901234567890123456789012345878%0
¥5 INPUT CARDS
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123456789012345678901234567B90123456789012545678901234567589012345678701234567B70

TS-2 (47.0KW/M. 4, 47E7S5EC,POWER®71/68)
f10 DATA BLOCK

INPUT
§I UNITS
QUTPUT
SI UNITS
PRINT INTERVAL 2.235E7 ~1.1E8 2.235E7 -0.001
0.1 ~C.000% 2.1 0.2
.01 0.2001 Q.01 0.3
g.é 0.3001 0.1 1.0
. 1.0 .
PLOT OUTPUT oot 3o 108
END BLOCK
/SOLUTION CONTROL
PROFERTY TABLES
FUEL CONDULCTIVITY 100 290, 3500.
CLADDING CONDUCT. 50 290, 2300,
TIME CONTROL
TIME STEP L.LTEA ~1,1E8& 4. L7EL -B.S4E4
4L.47E1-8.9399FE4 4.4T7EL -0.001
0.002 -0.000% ¢.002 0.2
©.001 0.2001 o.001 0.2
- ¢.0001 0.22001 04.0001 0.4
0.001 0.4001 0.001 1.0
0.001 1.0001 9.001 " 5.0
STEADY STATE LIMIT 0.5
CONVERGENCE CRITERIA
IMPLICIT -01 .01
TEMPERATURE CALC.
NODALIZATION 100 100 10-0
AX1AL NODES i
FUEL RADIAL NODES 29
CLADDING RADIAL NODE 4
END BLOCK
JDESIGN OF FUEL ROD
FUEL ROD 0.126 0.0143 300.0
PELLET 0.00485 0,0004 g.021 2.6E-8 0.01237 2.12
0.95 2246400.0 0.0 2.0 1883.0 5.0
CLADDING 0.00007¢ 0.5 1.14 3.85E17 L. LT7ET 0.04
UPPER PLENUM 7 0.028 0.012 0.001 7.0E-6 ’
GAS COMPOSITION 0.28 .0 0.72
. +
eND BLOCK B.350E+5 300.0
/POWER DEFINITION DATA BLGCK
POWER HISTORY 47.000 ~1.04E8 47.000 -1.90000 «7.000 ~0.1000
0.000 0.0000 0.443 0.2200 12.001 0.2250
46,932 0.2270 168.224 0.22%90 629.836 0.2310
1218.701 0.2320 2358.103 0.2330 4562.807 0.2340
88328.784 0.2350 17C83.246 0.2360 20883.827 0.2363

27621.245 ¢.2368 34973.811 0.2373 42394 .335 0.2378

1 2 3 [3 5 & ? 8
123456789012345678%0123456789012345678901234567890123456789012345678701234567899

1 2 3 & 5 & 7 B
123&56?390123&56?890123&56?890123‘56?8901236567890123656?890123&56?8Q0123456?B9D

478563.428 0.2382 51353.712 0.2385 S4163.47¢ 0.2387
577047548 0.2392 5BB44,528 0.2395 59114.235 0.2396
59196.778 0.2397 59114.385 0.23%9 SBBSL.BS3 0.2400
S57705.367 0.2403 54164.595 D.2407 L7BLS5.131 0.2413
L2396.3%7 0.2417 34976.17% 0.2422 27623.%48 D.2427
24479.214 0.2429 2291B.728 0.2430 13105.275 0.2440
?7505.678 0.2450 4310.521 ©.2460 2487.336 0.2470
1444 .943 0.24B0 853.30% 0.2490 514.564 0.2500
321.209 ¢.2510 147.851 0.2530 91.2%% 0.2550
L2.TL7 0.6000 21.629 1.4400 7.6%0 1.7450
2.702 &.0000 1.445 10.0c00
AXIAL POWER PROFILE 1.0 c.o 1.0 0.122
RADLIAL POWER PROF. .9238 0.0 L9362 1.383010-3 .9435 1.955870-3
9502 2.395440-3 L9567 2.764602D-3 L9630 3.092300-3
9694 3.3B746D-3 .9?58 3.65909D-3 .9B24 3.93174D-3
L9890 4.14902D-3 L9960 &.57345D-3 1.0031 4.58692D-3

1.0103 4,.79088D-3 1.0181 &4.9B651D-3 1.0261 5.17474D-3
1.0346 5.358637D-3 1.0438 5.53203D-3 1.0833 5.70229D-3
1.0847 5.86761D~3 1.0741 6.028390-3 1.0873 6£.185000-~3

CLAD POWER C.0123
END BLOCX
/BOUNDARY CONDITION CATA BLODCK
COOLANT CONDITION
GEOMETRY 1.0 0.0%928 0.0093228
LOWER PLENUM ENTH 1.28269E8 -1.04E8 1.2B269E& -0.1
83730.6 0.0 B83730.86 50.0
PRESSURE 7.3D6 -1.04E8 7.3Dé -0.1
0.106 0.0 0.1Ds& 50.0
MASS FLUX 370C.0 -1.04EB x700.0 -0.1
50.0 c.0 50.0 50.0
CHF CORRELATION BEW-2
NSRR .3

END BLOCK
FMODEL SELECTION CATA BLOCK
DEFORMATION MODEL
NO BALLOON
FAILURE MDDEL
GENERAL 1.0
METAL-WATER REACTION
CATHCART
INTERNAL GAS PRESSURE
GRASS 1
PLENUM TEMP
END BLOCK
JEND

k] 2 3 L H ] 7
123456?8?012345675?0123&56?890123&5678901234567890123&56?890123&567890123&567890
95 INPUT CARDS
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1 2 3 4 5 [} 7 B
123456789012345676901234567890123456789012345678901 2345678901 234567B901234567B70

T§5-3 (47.0KW/M & LTE7TSEC-POWER®BE/81)
#10 DATA BLOCK

I8PUT
SI UNITS
QUTPUT
SI UNITS
PRINT INTERVAL 2.235E7 -1.1E8 2.235E7 -0.001
0.1 -Q.000% 0.1 0.2
0.01 0.,2001 0.01 0.3
0.1 0.3001 0.1 1.0
1.0 1:0001 1.0 10.4
PLOT QUTPUT
END BLOCK
/SOLUTION CONTROL
PROPERTY TABLES
FUEL CONDLCTIVITY 100 290. 3500.
CLADDING CONDUCT. 50 290. 23ac.
TiME CONTROL
TIME STEP 4. L7ES -1.1E8 4.L7EL -B.94E4
&L LT7EL-B.9399FEL 4_LT7EL -¢.001
9.002 -0.000% 4.002 0.2
0.001 0.2001 0.001 0.22
N 0.0001 0.22001 0.0001 [
0.001 0.4001 0.001 1.0
0.001 1.0001 9.001 3.0
STEADY STATE LIMIT 0.5
CONVERGENCE CRITEREA
IMPLICIT .01 .01
TEMPERATURE CALC. 100 100 10.0
NODALIZATION .
AXIAL NODES 1
FUEL RADIAL NODES 20
CLADDING RADIAL NODE 4
END BLOCK
/DESIGN OF FUEL ROD
FUEL ROD 0.126 0.0143 300.0
PELLET ©.004B5 0.0004 v.c21 2.6E-8 0.01237 2.12
0.95 2246400.0 0.0 2.0 1883.0 5.0
CLADDING c.000C70 6.5 1.14 3.85E17 & LTET 0.04
UPPER PLENUM 7 0.C26 0.ociz 0.001 7.0E-6
GAS COMPOSITION 9.48 G.0 0.72
8_30E+3 300.0
END BLOCK
/POWER DEFINITION DATA BLOCK
POWER HISTORY 47,000 -1.04E8 47,600 -1.0000 47.0C0 ~0.1000

0.900 0.0C00 10.370 0.2200 49.4672 ¢.2220
237.932 0.2240 1139.713 D.2260 2494.368 c.2270
5459.272 0.2280 11948.363 0.2290 240G39.31¢ 0.2299
30467.759 0.2302 40297.074 0.230& 51023.81% 0.2311
41849.822 D.2315 89799.57¢6 0.2318 79017.926 0.2323

1 2 3 4 5 [ 7 8
123456 TBTO123456789052345478901234567B9012345678F0125456789012345678901234567890

1 2 3 & 5 é 7 B
123456789012345678001234567850123456785012345467890123456708P0123454678901234547299

B4186.253 0.2327 B85878,297 0.2329 B&242.574 0.2330
B6362.96% 0.2332 86242.710 0,.2333 BSB78.643 0.2334&

B4187.074 0.2334 79021.277 D.2340 69801.640 0.2345
61852.321 0.2348 51026.821 0.2353 40300.415 0.2357
36284 ,759 0.2359 32796.133 0.2340 23530.860 0.23565
16888.266 D.2370 12127.084 0.2375 EBY13.4616 0.2380
6246,711 0.2385 4512.B48 0,2390 2354.152 0.2400
1246.771 0.2410  504.049 0.2425  293.978 0,2435
93,300 0.2470 47,084 0.3000 52.600 0.5000
32.249 1.1000 15.380 1.7500 4.370 3,0000
3.219 6.0000 1.727 10.0000
AX1AL POWER PROFILE 1.0 0.0 1.0 0.122
RADIAL POWER PROF. .9238 0.0 9352 1.38301D-3 .9435 1.955870-3
.9502 2.39544D-3 L9567 2.766020-3 .P630 3.092500-3
L9694 3.3B786D-3 L9758 3.659090-3 .9B24 3.911740-3
JPBR0 4.149020-3 L9960 4.373450-3  1.003%1 4.5B6920-3

1.0103 4£.7%088D-3 1.0181 4.986510-3 1.026% 5.174740D-3
1.0346 5.356370-3 1.0438 5.532030-3 1.0833 5.702290-3
1.0647 5.B67410-3 1.0761 4.02839D0-3 1.0873 6.18500D0-3

CLAD POMWER 9.0123 :

END BLOCK

/BOUNCARY CONDITION DATA BLOCK

COOLANT CONDITION

GEOMEYRY 1.0 0.09728 0.0093228
LOWER PLENUM ENTH 1.2826%E4 -1.04E8 1.28269Es -0.1,
83730.4 0.0 53730.6 50.90
PRESSURE 7.304 -1.04ES 7.3Ds -0.1
. 0.1D6 0.0 0.1D& 50.0
MASS FLUX 3700.0 -1.04E8 3700.0 -0.1
50.0 0.0 50.0 50.0
CHF CORRELATIDN BaW-2
NSRR 4.3

END BLOCK
fMOUEL SELECTION DATA BLOCK
DEFORMATION MODEL
NO BALLOON
FALLURE MODEL
GENERAL 1.0
METAL-WATER REACTION
CATHCART
INTERNAL GAS PRESSURE
GRASS 1
PLENUM TEMP
END BLOCK
fEND

1 2 3 4 5 4 7 8
1234567890123454789012345678901234567B9012345678901234567890123456785012345678%0
95 INPUT CARDS
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1 2 3 & 5 [ 7 -]
123456789012345678901234567B590123456789012345678901234556789012345678901234567890

TS~4 (47.0KW/M 4 . LPEFSEC,POWER®B9/8B3)
J10 DATA BLOCK

INPUT
51 UNITS
ouTPUT
SI UNITS
FRINT IRTERVAL 2.235E7 -1.1£8 2.235E7 -¢.001
0.1 -0.000% 0.1 Q.2
Q.01 0.2001 0.01 0.3
0.1 0.3001 0.1 1.0
1.0 1.0001 1.0 10.0
PLOT OUTPUT
END BLDCK
JSOLUTION CONTROL
PROPERTY TABLES
FUEL CONDUCTIVITY 100 2%0. 3500.
CLADDING CONDUCT. 50 290, 2300.
TIME CONTROL
TIME STEP 4. LTEL -1.1EB 4 LTES -B.94E4
4. 4TE1-B.93IVP9PEL 4.47E1 -0.001
0.00% -0.0009 0.002 0.2
£.001 0.2001 0.001 0.22
0.0001 9.22001 0.0001 Q.4
" 0.001 Q.4001 0.0C1 1.0
Q.001 1.0001 0.001 5.0
STEADY STATE LIMIT 0.5
CONVERGENCE CRITERIA
IMPLICIT -01 .01
TEMPERATURE CALC. 100 100 10.0
NODALIZATION
AXIAL HWODES 1
FUEL RADIAL NODES 20
CLADDING RADIAL NODE 4
END BLOCX
/DESIGN OF FUEL ROD
FUEL ROD 0.124 C.0143 300.0
PELLET Q.004B5 ©.0004 c.021 2.6E-8 0.01237 2.12
C.95 2246400.0 0.0 2.0 1883.0 5.0
CLADDING 0.000070 Q.5 1.1¢4 3.85E17 4. 4TET 0.04
UPPER PLENUM 7 0.026 ¢.012 o.001 7.0E-6
GAS COMPOSITION c.28 Q.Q 0.72
8.3DE+S 300.90
END BLOCK
/POWER DEFINITION DATA BLOCK
FOWER HISTORY 47 .000 -1.04E8 47.000 -1.06000 4£7.000 -0.1000
Q.000 0.0000 13.649 D.2200 £6.%75 9.2220
328.654 0.2240 14&12.752 90,2260 3372.638 a.2270
7914.150 0.2280 17531.552 0.2290 24318.9715 0.2294
30994.3%0 0.2297 40993.561 0.2302 51%05.778 0.2306
62918.B%2 0.2310 71005.982 0.2313 BO385.7465 0.2318

1 2 3 4 5 6 7 -8
123456789012356567890123456789012345678901234567890123456789012345678901234567890

1 2 3 & 5 & 7 8
123&567890123656?89012345b7890123456?5?01236567590123456?8?0123&5678?0123&567890

B5641.450 00,2322 87362.688 0.2324 B7733.224 o.2325
87B853.7%3 G.2326 87733.432 0,2327 B7363.083 0.232%
85642.1B0 0.2331 B0387.17% 0.2335 71008.134% 0.2340
51508.821 0.2347 409956.965 0.2351 34736.774 0.2354
32172.729 0.2355 22966.048 0.2360 16399.235 0.2365
11716, 468 0.2370 5994,382 9.2380 3084.197 0.23%0
1603 .967 0.2400 851.041 0.2610 468,039 0.2420
273.183 0.2430 90.195 0.2465 £2.988 {.7000
IL.174 1.0000 24.430 1.46000 23.975 1.6400
15.325 1.7500 .131 1.9450 L.898 4.0Q000
?.694 7.0000 1.727 1€.0000
AX1AL POWER PROFILE 1.9 0.0 1.0 0.122
RADIAL POWER PROF, 9238 0.0 .¥342 1.383010-3 .F435 1.955B7D-3
.9502 2.39544D-3 .9547 2.76602D-3 L9630 3.09250D-3
9694 3.387640-3 L9758 3.655090+3 .§826 3.911740-3
L.9BR0 4.14%020-3 .9960 4,37345D-3 1.0031 &4.586%2D-3

1.0103 &.77088D-3 1.0181 4.986510-3 1.0261 5.17474D-3
1.0346 5.35637D-3 1.0438 5.532030-3 1.0533 5.702290-3
1.0647 5.8&761D-3 1.0761 6.02839D-3 1.0873 6.18500D0-3

CLAD POWER 0.0123
EKND BLOCK
{BOUNDARY CONDITION DATA BLOCK
COOLANT CONDITIDN
GEOMETRY 1.0 0.0%928 0.00%93228
LOWER PLENUM ENTH 1.2826%E6 -1.04E8 1.2826%E8 -0.1
B3730.6 0.0 83730.6 50.0
PRESSURE 7.3D46 ~1.04E8 7.308 -C.1
0.1D& 0.0 0.1Ds 50.0
MASS FLUX 37p0.0 -1.04E8 3700.0 -0.1
50.0 0.0 50.0 50.0
CHF CORRELATION BAW-2
NSRR 4.3

END BLOCK
/MODEL SELECTION DATA BLOCK
DEFORMATION MOUDEL
NO BALLCON
FAILURE MODEL
GENERAL 1.0
METAL~WATER REALTICN
CATHCART
INTERNAL GAS PRESSURE
GRASS 1
PLENUM TEMP
END BLOCK
FEND

1 2 3 4 s [ 7 8
123&567890123656?89012365&73901?3656759012345675901234567B9D12365675901234567890
95 INPUT CARDS
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1 2 3 & 5 § 7 8
12345678901 2345678901234567B901234567ER012345678901234567890123456789012345478%0

T5-5 (47.0KW/M,4 47E7SEC-POWERS]1,08>

/I0 DATA BLOCK
INPUT

QuUTPUT

END BLQCK
/SOLUTION CONTROL
PROPERTY TABLES

TIME CONTROL

SI UNITS

SI URITS

PRINT INTERVAL 2.235E7 -1.4E3 2.235E7
0.1 -0.000% 0.1
0.01 0.2001 0.01
0.1 0.3001 .1
1.0 1.0001 1.0

PLOT OUTPUT

FUEL CONDUCTIVITY 100 290. 3500.

CLADDING CONDUCT. 50 290, 2300,

TIME STEP 4&.LTE& -1-1E8 L. &TEL

4.47E1-8.93999E4 4.47E1

0.002 -0.000% 0.002
0.0601 0.2001 0.001
. 0.0001 9.22001 0.0001
0.001 0.4001 0.001
0.901 1.0001 0.901
STEADY STATE LIMIT 0.5
CONVERGENCE CRITERIA
IMPLICIT .01 .01
TEMPERATURE CALC. 100 io0 10.0
NODALIZATION
AXIAL NODES 1
FUEL RADIAL NODES 20
CLADDING RADIAL NODE %
END BLOCK
fDESIGN OF FUEL ROD
FUEL ROD G.12¢6 0.0143 300.0
PELLET 0.00485 0.000& 0.021 2.4E-8 0.01237
D.95 2246400.0 0.0 2.0 1883.0
CLADDING 0.000070 0.5 1.14 3.B5E17 4.47E7
UPPER PLENUM 7 0.026 0.012 0,001 7.0E-6
GAS COMPOSITION ¢.28 0.0 0.72
8.3QE+5 300.0
END BLDCK
/POWER DEFINITION DATA BLOCKR
POWER HISTORY %7 .000 -1.04EB 47 .000 -1.0000 47 .000
0. 000 0.4000 9.000 9.2051 59.682
332.428 0.2220 1858.549 0.22Z40 4394.526
10390,980 0.2260 26569.438 0.2270 27755.518
36465.372 0.2275 4B229.589 0.227% 61067.741
74025.930 0.2287 B3539.683 D.22%0 BY668.970

2.12
5.0
0.06

~C.1000
0.2200
0.2250
0.2271
Q.2283%
0.2292

1 z 3 L3 5 é 7 8
123547 EY0123456TB01234567890123456VBY01234567BP01234567890123456T7B%01234567B90

1 z 3 4 5 L] 7 8
1234567B901234567BF012345678F012345670%0123454678901234567RF0123456T7RP01234567890

CLAD PDWER 0.0123
END BLOCK
/BOUNDARY CONDITION DATA BLOCK
COOLANT CONDITION
GEOMETRY 1.0
LOWER PLENUM ENTH 1.2B269E4
B373C.6
PRESSURE 7.3D6
0.1D4
MASS FLUX 3700.0
5¢.0
CHF CORRELATION BEW-2
NSRR
END BLOCX
/MODEL SELECTION DATA BLOCK
DEFORMATIGN MODEL
NO BALLOON
FAILURE MODEL
GENERAL 1.0
METAL-WATER REACTION
CATHCART
INTERNAL GAS PRESSURE
GRASS 1
PLENUM TEMP
END BLOCK
/END

1 2
12345678901234567890
95 INPUT CARDS

4

3 5 &
1234567B9012345678901234567890123456789012345467890

— 107 —

0.0%928 0.c093228
~1.04E8 1.28269E6
9.0 83730.6

~1.04EB 7.3D&
a.0 0.1D6

-1.04EB 3700.0
0.0 50.0
&.3

7

?8370.113 0.2296102044,.3190 0.229910321%.44% 0,2301
103363.626 0.2302103219.684 0.23035102783.908 0.2304
102044.924 0.2305 9B371.248 0.230B 89670.%42 0.2312
74027 .873 0.2317 48233.351 0.2325 39981.¥%57 ©.2328
34405.788 0.2330 23890.280 0.2335 16594.9%8 0.2340
11534 .982 0.2345 BOZ24.524 0.2350 3%00,39% 0.2340
1915.848 0.2370 960.806 0.2380 501.234 6.2390
280.041 0.2400 173.554 0.2410 75.52% 0.2L70
41.395 0.8000 33.508 1.1000 25,074 1.6400
16.208 1.7500 ?.8B0 1.9450 5.305 4.0000
2.91% 7.0000 1.873 10.00C0
AXLAL POWER PROFILE 1.0 0.0 1.9 v.122
RADIAL POWER PROF. .9238 0.0 .9362 1.38301D-3 9435 1.95587D-3
9502 2.39544D-3 9567 2.76602D-3 630 3.09250D-3
674 3.3BT744D-3 +9758 3.65909D-3 7824 3.91174D-3
.989Q 4,14902D-3 9960 4.37345D-3 -1.0031 4.586%2D0-3
1.0103 4.790880-3 1.018% 4.98551D-3 1.0281 5.17474D-3
1.0346 5.356370-3 1.0438 5.53203D-3 1.0533 5.7022%0-3
1.0647 5.86761D-3 1.0761 &.02839D-3 1.0873 &.18500D0-3

8
1234567890
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1 2 3 . & 5 L] ? 8
123&56789012345&7590123656739012345678901236567!901236567590123456?8?012365&?890

T5-5 (47.0KW/Msbs 4TE7SEC,-POWER®1.08,DHE-DHYACHN)

£10 DATA BLOCK

INPUT
SI UNITS
ouTPUT
SI UNITS
PRINT INTERVAL 2.235E7 -1.1E8  2.235E7
0.1 -0.000% 0.1
0.01 ©0.2001 0.01
0.1 0.3001 0.1
1.0 1.0001 1.0
FLOT DUTPUT
END BLOCK
fSDLUTION CONTROL
PROPERTY TABLES
FUEL CONDUCTINEFY - 100 290. 3500.
CLADDING CDNDUCT. 50 290. 2300,
TIME CONTROL
TIME STEP L 4L7E4 -1.1E8 &.&TEL
4L.4TE1-8,93999E4 4.47EL
0.002 -0.9009  0.002
0.001 0.2001 0.001
N 0.0001 0.22001  0.0001
0.001 0.4001 0.001
0.001 1.0001 0.001
STEADY STATE LIMIT ©.5
CONVERGENCE CRITERIA
IMPLICLT .01 .01
TEMPERATURE CALC. 100 100 10.0
NODALIZATION
AXIAL NODES 1
FUEL RADIAL NODDES 20
CLADDING RADIAL NCCE 3
END BLDCK
/DESLIGN QF FUEL RDD
FUEL ROD 0.124 0.0143 300.0
PELLET 0.004B5 0.0004 0.021 2.6E-8 0.01237
0.95 2245400.0 0.0 z.0 1883.0
CLADDING ©.000070 0.5 1.14  3.BSE17 &L GTET
UPPER PLENUM 7 0.026 0.012 0.001 7.0E-6
GAS COMPOSITION 0.28 0.0 0.72
B.30E+45 300.0
END BLOCK ’
/POWER DEFINITION DATA BLOCK
- PDOWER HISTORY 47.000 -1.04E8 47.000 =1.0000 47.000
0.000 0.0000 0.000 0.2051 59.462

332,428 ' 0.2220 1858.3549

0.2240 4394.526

10390, 980 0.2260 24569.438
36485.372 0.2275 48229.58%
74025.030 0.2287 B3539.56B3

0,2270 27755.538
©.2279% 61067.941
0.2290 89668.990

-8.94E4
~0.001

LY

neaoo
OCOoOrNu

2.12
S.0
0.04

~0.1900
0.2200
0.2250
0.2271
0.2283
0.2292

1 2 3 3 5 6 7 8
12354547B901234567B9012345467890123456789012545¢787012345678901234546789012345467890

1 2 3 [} 5 L) 7 ]
1234567800123456785012345678901234567B901234567800123456789012345678901234567870

98370.113
103363.626
102064 .924
74027.875
34405.788
11534.982
1915.848
280.041
41.305
16.208
2.919
AX[AL POWER PROFILE 1.0
RADIAL POWER PROF. 9238
9502
L9694
L9890
1.0103
1,0348
1.0647
CLAD POWER 0.0123
END BLOCK
/BOUNDARY CONDITION DATA BLOCK
COOLANT CONDITION .
GEOMETRY
LOWER PLEN

PRESSURE
MASS FLUX

CHF CORREL
NSRR
END BLOCK '
/MDDEL SELECTION DATA BLOCK
DEFORMATIDN MODEL
NO BALLOON
FAILURE MODEL
GENERAL
METAL-WATER REALTION ’
CATHCARTY
INTERNAL GAS PRESSURE
GRASS
PLENUM T
END BLOCK
JEND

i 2 3
12345678%01234567B901234567890

95 INPUT CARDS

D,2296102044.310
0.2302103219.686
0.2305 98371.248
0.2317 48233.351
0.2330 23890.280
0.2345 8024.524
¢.2370 ?60.808
00,2400 173.55%
0.8000 33.506
1.7500 9.880
7.00C0 1.873
9.0 1.0
0.0 9362
2.39544D-3 . 9567
3.38764D-3 9758
4.1464%02D-3 .9980
4,790B8D-3 1.0181

5.35637D-3 1.0638
5.86761D-3 1.0761

1.4B4D-2
UM ENTH 1.28269E4
83730.46
7.3D6
¢.1D&
3T0R.0
50.0
ATICON Biw-2

EMP

¢.2299103219.445
0.2303102783.908
©.2308 39670.942
0.2325 39%81.957
0.2335 16594.998
0.2350 3900.39%
0.2380 501.234
0.2410 75.525

1.10C00 25,074
1.9450 5,305
10.00C0
0.122
1.38301D-3 9455
2.76502D-3 .9630
3.645909D-3 9824

&.373450-3 1.003%
4.986510-3 1.026%
5.532050-3 1.0533
6.0283%0-3 1.0873

6.802D~3 1.891D-¢

-1.04E8 1_28269E4
0.9 83730.46

~1,.04EB 7.3D8
0.0 ¢.1D8

-1.04E8 3700.0
0.9 50.0
4.3

0.2301
0.2304
0.2312
0.2328
©.2340
¢.23640
©.2399
0.2470
1.6400
&.0000

1.955870-3
3.0%92500-3
3.911740-3
4£.586920-3
S.17474D=3
5.702290-3
6.185000-3

4 5 é 7 a8
12345678901234567B501234567085012345678901234567890
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780 NSR77T2— FiC LATSERDBITHR

Appendix I Simulation Results of TS test calculated with NSR77

Pulse Irradiation Condition
Test Ko. Peak Fuel Gap Gas { Gap Vidth, | Contents Case ID
Enthalpy, j73ii
cal/g-fuel
TS-3 80. 3 He 155 Reactor Power, I
Temperature,
Elongation,
Cladding stress,
etc.
78. 0 ditto 70 ditto 2
78.0 ditto 40 ditto 3
TS-4 84.0 Xe/Kr/He 155 ditto 4
78. 3 ditto 70 ditto 5
71.5 ditto 4 ditto 6
550-1 101. 1 Xe/Kr/He 155 ditto 7
(Fresh
fuel 90. 5 Be 155 ditto 8
test)
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