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Effect of Axial Power Distribution on the
Fuel Rod Behavior in NSRR Experiments
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Fuel rod behavior under RIA conditions has been studied by utilizing
Nuclear Safety Research Reactor (NSRR) in Japan Atomic Energy Research
Institute (JAERI), Japan. In the NSRR experiments, it has been generally
believed that an axial power distritution in a test fuel rod is almost flat
due to the core length three times longer than a fuel stack region in a
test fuel rod. However, the axial power distribution in a test rod is
possible to change because of the effacts of both control rod position and
reflection of neutrons at edge regions of the fual stack. Therefore, we
measured the detailed axiel distribution of y-ray intensity in test fuel
rods to characterize the power profilas and to avaluate the effect of the
power peaking on the fuel rod behavior.

Based on the measursment of the y-ray distribution in a fuel rod, the
power was observed to be higher at the lower portion of a test fuel rod,
and the effective power peaking was estimated to be 1.04-1.06 compared
with the average in a fuel stack region. In the NSRR experiments, a fuel
failure occurred usually at the lcwer portion when the fuel rod was
subjected to the energy deposition of 260 cal/g U0, in axial average.

On the other hand, reducing the peaking by insurting 5 Z enriched U0,
pellets at both edges of the fuel stack, a fuel failure did not occur
even if the fuel rod was subjected to 260 cal/g U0, in axial average.
This must indicate the strong effect of the peaking on the fuel rod
failure behavior.

As the relation was observed between fuel rod behavior and a local
energy deposition in a fuel rod having a widely deviated power profile
in axial direction, it must be better to evaluate the fuel rod failure

behavior based on the local energy deposition.
@
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Researching the failed position among the test fuel rods subjected
to around failure threshold energy of 260 cal/g U0z, the local energy
deposition was estimated to be around 274 cal/g U0, at failed position.

Keywords: RIA, NSRR Experiments, Power Peaking, Fuel Failure,
Energy Deposition, Failure Threshold, Fucl Rod Bechavior
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BN OMERNET T ABCHVTR, HFHLOMARININMIIE, HFidiR&ObIMThIC
FTHTWBZ LD EM, MHRS » 7 DIUWNRNC2NTHBE, FlillNGiE0d KON
BB o, 7, MBR S o RTHTR, HLINMAMNIKCE S0, v FHRMEBHOH
TS,

Test Na2 0 7=41I250TI3, RMM2 7 4 cal /g UO  DMRIRMETT » 120 HMDKM,
AMMEHIRE 2 7 y 2O TFREDNB cm L), THbs, MH2 7 v 2 BOURGENIC TR
L 2. HHOIREIE, NRBHKRO N ERTHY, NICHAMTNOL SR> Tl 2, Fig,
15, KRRIZED ZRMMHMORKIR S, Sl OMLRINNIETT. KRN TSN
B LIz D r A EMES 5 2 LHliRY, Tokw, Fig. 153 viro4+
— ERMBEMOMICY (T, HMETHER 7 MAEE 1om SEXTMELTHLLDTHS, WK
MERMT(Z, —MICBHR T 5 2 BTREDE ] cm LY, 2D THO U0, ~v v b EEDL
DUO,; ~Ly bOMAMTEANME L THIDKRMHL, ERMTIZHHOROLETETHRA L
72, ZOT &, RHEOWMEBHIRHBOHIHHCRERENTVALLERLTVS,

&, XEWY —X (Test No 207-2~—5)Tit, MAWRGICARSERD 3 TEARNEDON
EERN LT Table 5 it, ZEMEC LG SREMECR G LUFMEL - MRBEELTT, BiCE
~Njc&k S, Test 207 -2, —3Ti, HWREHEMNQERIZROT), Test 207~
4, —5TR, 4 ecm THNTFSLTROGBTH B, £, Test N2 0 7 ~ 20EEMERSRIC
20TH 5L, REEAEGRHROTHOEALOBVMERL, B4 TFTHED, 1650C (#1),
1600C (#2), 1560C (¥3) Thoize X, Test 20 7-~-3Tiz, 5%MEOUD;
Ny PEANEL » SBICENVTIE, MOBFCHEBLTEED ERVSMAONTVAZ &M 5,
5, Test 207 —5R20THBL, BT » IBERCT, KMBRSMODLEEN Tit,
1270TC (#2), 1290C (#3), 12807C (#4) Lizig—MENBELTVEL

-
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EH5r B,

3.3 mMERMBRE

NSRR RRicEWTIZ, RRBSEOMGRICE TR ICHEMNE: U T B L &M% 272,
2T, AT}, ZOHNAHOEWIRHNMORIREMICED L 5 IERHN TV EMIC21T,
KMEMHREOWKREE L0):,

a. WAL WO NNE

Photo. 2i3MM2 6 8 cal /g UQ, THHUARME T /- a(MMEIM (Test 200-5D)
E2OTRHEAMDYINMEDKHRETR LI LD TH S, MHMIEIRHR 2 » 7 BORiKiIKKE VT
MILL TS, E1:, MHMOTFMICEWT, WRBLAAHIT - R LTED, ORI
UNANCE L2259 2 BEHSWADIEHL T, LETRMELEBRES SHTWIEV, B
PARHL 205112, | OBMBUO, ~v oy bUMASHTVAFMMSH ] Omm LATHY,
UO, =L v DR TH D, ZOBMEEINT, 22D 1LH~KH20mm ¢S TOMH)
LML ENTRDOEELMELOH, $1-8Mh1Es 579204003, T, RGATRDL
HYIE VY, BHBEOHSmm FTHLELZ2 T+ 2 MERLT S,

Fig. 16 3 LB L7:IMHNMOX MEN & HNFHOMERRELE~NTRL, 2o, XRFALED
OPFTL AT 9 F LIcbDTHB, KX MITKICONVTEHDE, MHEOTHIMICENT, BNNE
UO,; Nuy F EDMRAMMELHRMLIZC OBANEH G D, CONSHE, U0, &
o 4 O TILERIGHH: L1 eIt Bb i bOTH L, £7:, WAWILY 5 2 £ LMo,
UO,; %y FHIDRAMTHEZ L4530, COMBTIZUO, Ny FllIC A& MM UT
Wi, COMMDIBIc, MEHND LD 7 REEHZ OB TR LTOEL EHNMKTIRD, $7:,
25w 7 MEHORHNMAN, >F O MMRETRALENIIEISES SOBH, oMM, W
ATHRMLT, BEAZRILMOLIB>THELETNLVRETES, ZOMMKIZY 55 7 8D
S TRRCEDONRD, LELAMMOMT (2, KEMOLICEIST, RMRABHBL XK
(260 cal/g+UO,) LA VVEMTIE, LTOMHRKICEHONTI S,

ULEDERICSVTELHE L, HMMHNMORBORK S EOMTEITMICE N THLS,
FHKE/THBL TS EEX LT LHHRS, ELT, RATORMIZ, THOMShI:K5, -
3D, 10%MERHR Y » 78OTEED <y + 1B 2HEBOMICEL, COEHTHAE
ORMDBRIEHHE LT &5} 5,

b. SEWE

BERMHEOMSRICEWT, ANORELIRDMEICSWT, SoICIFRICRETS1:5, &
BREL-RELT,

Photo. 3 (222 6 0 cal /g~ U0 TRHEERETU 1 MEMOMGTED < 2 o GH &R
LEbDOTHS. BRRODELUELENE (¢, d) T, UO: Ry L2 F 9 IMA->THRY
360D, UO; ~Uy b LENKLOMOF + » 7HREHONTHY, U0, —Jadh o4 RIEHMnE
LT, £, SNELETOERER>TWEZ &M 5, kgL T, REKDOTHS
(a, b) Ti}, UO; Ly tOAMBERL U > 8AHHD, COBBTIEUO: <o b2
PHRICHE - TOEZ &5, EEERY, LHMDOUO, ALy bED OMM 12T LN D, &5

—8-
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ic, UD, ~Vy bR LO¥ v 7RI UO, -~ Shof REMELTED, ZoiHE
Wkicid, Fix, BAVNCERLUAARSRYoNE, T, RHMOLE L LR TIHENEN
NoBEEELEBLohEVOERHLT, THETR, HohicAROMAIELSHhE,

ZDEHIE, MEHEONGRICENVT, SEARBSET U0, <Ly b ORBOEEHY] S e
ST LMHMLE, 22T, RHNOMEORE L ERMICHETETS0IC, REOBELES R
HRETHLOLLT, HEARRTIOMUCMNE ME L7z MER, RIS, XEERMROR 2 Y
—vieREL, EORE/ FATMETSHIEERWI: . MIEMOME R 1 204 /7t TH
MAATGHITRIEEIN, 1204 7alcsE, 36 MOMBLITFHY, EOMETELA, Fig,
1 743, MEMOMGINIZSNTHMDSKY Y 7% ERN L, MM 2MELARTS 2,
ABicEVT L, MHMOTHETREMAE S, MMM EHCEE AT B Z &05
50 E5iC, MHR 9 » 7MOTHMIEMT, RIEMMSAH2MICHNLTED, oo FHRC LN
Hc=4 v 7OEMMRERAECMEFCSDOTNDHT LMY 5,

c. MHMEELHOEKRME

KSHEMEMONEDR(E S, MHMORBREMDO—o L LTHONBTHNLF -9 THB, £
T, AREHEONEEINNAHEELSERROBHh S, 2 XORMMIHE (Test Na 207
-2, =8) 20T, Fo7r4nr-yitsd), MEBEESHOEEREMEL . WEL,
9 OCHEICMENRERIEZ YT, 2HAEDNTIT2k, 707 74 VA~ FILEIMERRE,
MMM N OMENLE I, Figs, 18, 19 IERY, Fig. 18i2 Test 207--2
(RMR264 cal /g*UO,;) DREBICHVT, RESAIOKERMNERRTS 5. FMHNT
i, LA LHELT, EERIENGMICBNTEDOTHMOLMED A& OMAMBE, L
L, EERGBHNOMIEIC—RICELLTHEOTRLS, BALNIOLHIMDELRDHT
TWd, Zhld, BANNICEPEU0, Ly FORRMEY L L—MTHL, HOPRADER
HBROOATWIbDLEBI NS, 43, KMHMICIE, MM > 5 7B NMIC5 XAMUO, ~v
v PEMALTVS, COLYD, HRKICRIZT  » FUREBMLLEYBEXSHTIIV DN, BH
MNSEOHNRREM-1RICL S L, 1 0SAMUO, ~vy bDRX S o 7 MililTH HP
PR B TOSMENEHONE, MEMOEELRICEH 5 KEORRILSV TR, LR
NYEEBH S, BRRRAWILLFEUO, “Ly FOMRERRIED—HTHEELELSL L
NS, TOWS, U0, ~Ly t ODMIERREZ, RMBEFELTHEEEL SN0, #H
KOEBHROEKRE, WERHNNELEHIREOMERELHESIITHS, LOLIUMAN S,
Fig. 18%203&, $HOTVRBIM1 0%MMUO: “Ly b » 25 9 2D » FETOKK M
mLTHY, »o, LELiMic, HHNKLOLENEMOMELIENONE,

X, Fig. 1913 Test o207—5 (BMR210 cal/g-UQ,;) DRHMICOWT, ¥iESh
RAOXERENELL-BRTH 5, ERAMTIE, KWRHEORTFHHIRLMAHRED 4 cm Th
A¥5LTHD, Coith, HARMEREILHRSHETH S, KRICEWTH, RHEOXER
EHARHHBIREOBM L - TNB T b5 5,

Bk, 2KOMHE (Test M207—2, ~5) 20T, (EHROKERELMELRRT
i3, —kOMEHRICENWTH, MABICHASEHHIE CTW3REE, TOHARRCHEL-EE
HHINEEHSNE,
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4. % -3

41 RRRMEONSNL A EONE

PEiCHMML, Figs., 9, 10 TRLALSIC, NS RRERIZHOTIZSURRM WO W5 T
NRHEMELTHD, ZOINNAIC2NTIE, NS RRYERIGRL, 15HIRAMATZH NN
EDRBSATED ' AMERMT SRIRCHNT, 55002 EDMNEMLTET B, WA,
A LB & SRS D SR & OBUPRE R Y SIRICIE, WLDINMHiL T v VB -
VTN TEDORMET 2TV Do $12, WAMBHRICBEOTS, o YROE—4 27
RHERIC 12 T WD T M & - 120

Linl, MRBNARIZEVTIR, Zho0MEEBICEIZTERIDRVWbDEEL, +5iCE
WMLTEY, 230, BRHERTIE, ARBNMON,ERTERHHORYRMBES-T
TORMICH ZRMARETZRL, —ROMHRICR LI HRBBREZRTZ ORMRICE ST
MLTat, 2N, it~ LIIC, HRMHEOMARIC LW TRMAGIHEICEEL,
ZOtdHit, STtk -Tid, KEAREHEE-CERTOMBEABICHEHSELCTHILLHEDH S
iz, fHE, MHBOBHRL W HICH>TRET G, BRLEWKTHZ26 0 cal /g U0,
ORMBRERICOVTIE, ZMRHBOBHRIRICHSVTRIILTHILRMHE, CORE, WMl
EMBRIC—ETHD, UOs "ot A9y 7BOTRLOM 1 cm , MTRORLV » b ERDA
Vo b EORABIZHEML TS, HEANONBRRICONTRHT M, LILORTE LD, <
Uy b ORMBEDISMRITH THLDZ SRUMIECD, RMRBEBUEANIA -9 THEC LR
HOohTHEDT. WNHPNCTIRB>TH, RMBRYURILLEANIULET B, CORMAIADN
WLONWTHFICRNT L MHE D L WUhNL S,

CDOMGEDRMRAIAILDWTR, Mich~ikkSic

) SRS BH-F R O

K) MHZ5 > 7 BRD T o FHROER
DAY TERB L EMHME, ZZT, ((NMNSRRIZMD>THAHHETED, TOHRE
MM CERBRTIREV. CHIEXL, (IIZBRREEISISIETHY, BER S » 7 HOR
MIERE UO: Ly FEANRIWICLY, EOHREEMT S LHHRS,

2T, ¥TROIC, (| DBRELHMHEONTTETLOREORMBDOHRNEL TS0,
Figs. 9, 10, 11 ORREETTREERS 1, Fig. 20 KMERT, xHTIL, Figs.
9, 10, 11KRLAKRRHEORMIKILHLT, 10%MBUO, Ry FORY v 7 BW
MLED 1 cm RMTORMRERD, MHEIKESY 3RIGHE DRREREL 7z, BICRLUI- M,
5207 kKHLT, EORMAMEEAMTERLI-6DTHS, ZOELNERTEVDY, $5
VMMM EC S MBS M, ARhS O3 5L I, RYORMICHT 5 RN+ cal
g U0, 0l THY, LRLEDUNRICELIRMAFEDNBOERICONTIIMIWHHES,
s, AMicid, WHZS » 2 BRBICERUO,; <Ly bHA>TOSMH (RME227,258
cal /g U0,) ¢, BTHLOKBMUO, Ly FTHEMH (RME112, 221, 260

-10-
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cal/g+UQ, JERHHFIRLTH B, WHRKE LHERRIEHOANLY, £/, NSRRK
MTii, B2 5 o 7BDLED LT 3 3.5 mm ORBEEMc MR EITE CREMEETN -
T3, 20O8RY, ZOBREMMRS v IFEORMROERI Fig. 20 THELAALDLES
D1 158, WAL, BEMERMLTASE, Lif L7z R ic Mt 20Uty sh T 58
b, WERHAREOERIDPLEVLDLEEL NS,

Wi OO TRETT 5, BHIRD Figs, 9, 10 TRLALIIK, HRMEOME 2
» 7 RIS TIE, EOREDN ] 0mm NS SIHANTI LB DEY, X7 v 2 TG THGIC
BLTHE, TOT y FHRICLD =% ¥ FRHMMHMO THMAE Ve X, OB FMR
D> TOHENKILLT, 25y 7 TROWNE -+ 21, 2497 Mdulicf LTHL 2
ETHB BH, 299 7 MPLOIMINEx » FHRERNT, & v 7 HHHOTEIME 3B
NE LM TVDS DL I T » FHRIC LS RMAIHICOVTR, MIFITEE SMOBI G
EABY, BIL UM, Lt L2t i s MERRYE ST THL ST S@HIRR VA, M
B2% 92 BTMENICEG 5 RMROMMIZo O TR ERT DL EHH 5,

LT, MHRS v o MTHMERICS ) S RMMNICOOTHL { MiFT 3, Photo, 28I Y
Figs. 16, 17 KRLAARRNEOJAORRESLSD L, 25 » 7WTRED 1 0mm L0
EHEE 5 mm iCEOCTIRBOERHE LT LAY B, LT, ZOEHICHEDT ZMANERME
ERELTHD, MHR 5 » /BB IMAHDORMAMICONTIE Figs, 9, 1 0IGRLAM,
ZZTi, WAL IVWHESORMBTERET >/ Test M2 0 0~ 5D DIHARH (Fig, 10)
Z2ANT, 5 mmAMTRHFINRMRERD 2. KRBHRO r WX LONRELHNINRICLS
&, MRSy 7BTHRLON 1 0 mm ML S TFTRIENMT THAHELL AT 5, LhL, #H
MOREOIRE LT L OMMICRIBAIN EXHEL TH ST, HHHEINNAAMRNES L THE
OHKICHM LTV B HMENH D, Dk, HW)MIENE mm TLOPLEE L TREERS 72,
HBREFig, 2 1IGRT RPIGRENTHDILHIEC, BRORBOHEHELWLELSNIMHR
Py 7MTRED 1 0 nmMIMOUN = 5 mm OKIMTIZ, MM $ » 2 HidiiictlT2.2, 6.2
FKOWNMNMBED. COTHEN L ETHY, WAL, —KDOHMMHMIZONT, KA 4BDOM
MICHLTERMAOELGHEI LB OND, Tz, LBELAHRE, MHRY o 7 KK
RUO, Ry F HRWENTOIWAETHSH, MRS - 2BRTH ] 0% UO; <ty b
DREIT, BN FURNBEILEL { G AHFHD 50 CDI2Y, TOBREGICOVTHREIMIE
WETY, Fig. 21 IAMTRU, #H2 9 » 7BRTH 1 0 XMMUO;: ~v o rOHE, #
BX5 9 7BTHED 1 0 nmAMDES £ 5 mmOBMET, PLFICKLT, 8.0, 4.0HBDHH
WNEY Y BDOMMES ST L LHMHED, 1ih, BERX5 » 7KTHED 5 mmAAMETO
MO TIE, RME—+ 7 FRMAMETRTH, ZOBNTRELI:MOBIHNB S0, Zor—#
YIUEKICRERRICE S T L RUIVERRL, CORFORMENS LIz, WE, BME%OM
HRETE, COMROMBOEXIEHR 7 » 7B TRLDH ] 0 mm AIMEEFL (LT L8
BT\

FTEENLY, Fig. 21 CRELET » FHRE, AMBRHEHESHETHD, HlHAh
XKLL TH, EOHEARKIARELEDOLTNIL, BEA 5 » 7 BhidcHT 52 5 o 7 BT
HoHAC -+ FORBBIALTHELELONS, £/, Fig. 20 TRULES K, MFHR
HARKOERWL DLW &5, NS RRIENINTIL, IZRTORMBRICOVWTLDT » %)
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Rickh, MHZR7 v 2 BTAHTHILO4 (BTH] OBRBUO, Ly hOPRE :H1L06) O
HAE—% 27N, BHEOHEREBCEEEEATWEEELONS,

4.2 NAREDSTEEMULREERDORE

NSRREMTI, UO, -y FORMREMEMOIRBRE) & OMIZBK IR AT ST
Y, RRRIRHEBDICEWERETROEAIUERTTHEICLERTIETHR Y, T AH,
SETR, THORMEKICE O REFYEIEL T X /2700, HLTHIARYST, —Kici2, TR
MREBOCHEORL VRS LMK, VCOWARMTREL -+ v 7218005 & OMkic2
VWTRDTHZEICN S, 22T, RMTE, WM RITEN & MM R 15 O BRI B PIC &
8, 1 XDRMMEMIZ O THSHIRMBRORLEA 1S L BIRICE DL SIEHE LTV A hieS
VTHNETS. £, RRTOBRBRIZMLTS, MANRMO L -+ ¥ /HlE LTS &
REXZSGNBDT, ZOMCHOVTHEMMLEREITI,

AT, AMRERORUTCERERMRLD b4 cm THZFSLTHHLALMR (Test N
207—4 and 5) LD Tili~fz, ChODHEMTIE, HMMHMMRTHIZ BV ThHETHS
MOEEHREEMKITURL T2, MARICEGARBAKIREUNEHE->T 3, £2
T, Test 207 —4, ~55LUARMS Y —-XTHD Test 02072, ~3iZ21T, M
BHONFFHORMBENFEL, ZORMEREKUTORGIN L OMEL R0 MATILIRM
iz Figs, 13, 14%STHEL o ROERE Table 6& Fig, 2 2IKRT, Fig,
2 2ILIRIMEMMEREIDBONTHIMMWRNLE & RMRE OMELRRICTHIZL 72, Test
M207 ) =XETHoh: MATORREETE-TH, BANZRMRERET I &I,
SETRRESOL-RBBENERTH SN TV SHAITAREE ChLLk b= 3 3.5 mm OfLR) &
THIRMM E DR E (IR FICEIRD Z EM5 D, THT LR, KUUATHE: L2 RMI DK
HTik, UO: Ry MM THARUESBMGICET SN 1 ~2B0OMTR, U0y XLy b
ROMDB]MDINC 2R LTS, $1:, 2D, RMSALEHHCET SLBMHEL
ELRLTHE,

Rz, RMELEAROEEHDOXERE DMECOWTiE~S, RUWEESEOXEIL,
UO, Ny bSMIERL THMY LM S ERLVEFTILDTHLZEZELONT VD, LD
2, COXKERIZUO: by rdARASNIRMRE BMVHIMSESZ EMTFREND, Fig,
23t Test o207 —5iC20 T, KAWL EIMOFHOENR (30°HiEIick Y 5 2 MEMD
i) %, RMARERML T LEERTHS, UL, £RICE, U0, ALy FOMERRICE
TOTEHL A HAREEAROXEROTRLTH S, ARICoWTHSE, b5HEIEIE, RMYH
AL RATOLELEDEEHBH Shbh, METRILV, XRTR, U0, <Ly DR
MEBOEEEID S, U0y ~Uy FOMLPEREANARICH L THCTHRRLTHAZ LIEED, 8
ANEEERORK, WNESHETHOIAHMECEBOOND, 20, —KOMHMICET A%
EXHERSROTIE, BONREMRREEEREOMEIINIRTIERE,

UL, SENICERsY: Commrismik2 7 0 cal /g « UO i EHico Tid, XIROX
KEMLTHEE LTE L5 3, AMIIS, NS RREBTIERUO,: ~Uy bDOEELHEICEL
TH, POHICH LTRA 1.2 30—+ » ZERKSRAN NS D, EXBHRIOFEHEIT L D RN
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REERLTEY, 2O, 270cal /g U0, ORMRIGESC &, U0, <Ly MLl
DEUCHEMT SRBIEET ELSICLBLELSNEHETH S, 2%, HMETTIC3 00 cal
/8°U0;: Dz —NARDRE, 244cal/gU0.; LLoRSRL D HINLEN
HELB, AL, ZOREORMRIIE, FLHNOHBIAALE~ILLZEDEELZINETH D,
NSRREMTIHRES ¥ T MHNESHT L RMRIZE D, SRBHLEMLTH 4%, L
fELRMRICF 7Y PUNEMAS L, W27 0cal /g U0 &85, 2%, D270
cal /g U0, DRMRICENTE, U0, <L v MSHSMIZNML, Dbt oERR
LN 3 5 TRESEAS B B

£ZT, ZOLIEMNSD, WIMTTMDHICKY » 22 B R A RON NI NS &, —RITBER
LEVWENORMMTRMEME T - 220, MMM THTA S SRR LT B 80l
BV, 12, 10K UOMMHOTHS L #H&E 27 HONL o FINTILBIYA X S BN &
hBZ e, Lhid, LOMMCEVTUO, "V y FOMRRMAREh T LiLLBbDE
EEZ BT LMD, ZOLHIL, U0 by b DREEMMSAZIOMITIE, by b~ BRTH
DORBMHEEN (PCMI) 24930, 20 PCMIMMTIoMERT 2 X¢3FEIC
b1i 5. MMERTZIC & O NILAMD L BATTiE, EOMATHMARMMDL, LONVEEKET
LR LB,

ZDLS ITRBMEHOIUNERE LD E, 8260 cal /g UO, DFEMRERA L TRHIIL
1T, TORIIBESORMM2 7 0 cal /g« U0, 7, RIRMHELRDOTRMR LD
b, WM MRk e 2 MEN S,

4.3 MERREHSOHREBONN

Hifi & T~ kiC, NS R R M TILIAMMHMOM ST WsHintt LTV 3, Cll))
SHIMARE VRGITE, BNTUELHATELEORIIC & EOUMNBIbNE 1o, BN
MRC L O HIEBIR TR L A b B, L L, —Micid, @IL & RMREIT TR,
UO, EIx 5 o 7 MOMLAEN (ulX D+ 4 5 mm BIK) TRUGHM SMFICLLTRE
S5F, X, MHEREOBRMMEL TS, AMLOMNMAEHCE » TERL TV IRBIEDHSH
B, ZDid, MERXT v 7 MTEHORMRE b > TEORMHMARDINBINLNE L T LI
Rl otc, £ 25N, BHRLAXVEEHORMBRERICEVT, BICENTE LMEHI A fCH
BUAREBIRIR LS RBAT LU LT, 230, BIEETICHMEL/INS RR MW EMic LD
&, BRLUAVHADRMEZIA LIS, BEAELTORMBERIMEZ 5 » 7 BDFRicH
WTHRROEENELL, SATDI 5y 713083 TELTH S,

2CT, BEFTCEKLANS RR MBRERICSVT, BRMHOSDRIRENE Table 7 i7
To AEpoid, HETOUMIBICHMHRDOTREELEL TWHT &35, T/, THMICHES
LRELAKBRICESE, ABICRLABNEDH | XERVT, TORMENE, 10 BRERE
Ry 7BORTHED 1 YBE2yHOMTH 210 ZDZ LN, COEHTHEEDREOLEE
YPRLBMULb 1T EERLTVS, THbhE, BET TILRNOATH 38 REIC K-S TN
T5¢&, TOASTHANEENLOKSTITLERL, BHKERETEEE LI, U0 <Ly b
ELIEERGEELT, HATOA ARTLOREHBITLIbDEEL SN B, F1-, ZOWMR

_]3..
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BTRERAEONMNMBDLTNIZLEH 2TV, THOORRIIEMRO L FHEE SRV MF
MBBZ EMP-TED, WAL, WEROBIRNEHCTRESBRRICLALLbDOLEL NS,
o, RMESEMLEVHED SEHIRUDE, ZOMRBEMEIR 5 v 7 BO LK~ bILHS
LERYH 5, Thiz, REEOIHNE RMEE OHEREERLTVAEAGTT LUK,

T, N4 TENEREEEICE D, WRMEHOUO, <L v b O RMEEFE
Lo RMBREEANEZALGE L THHIICE 5 mm OO TN TH 5, Table 8 iZHMME

WoOWTilc kg3 RERMREBARONA I RMBRET T, 2 ThI1LONTETIR, T
Vo bMOJHKEUMIIEL {, BT, 7= BLUA 7KV FORMBEALL 20T, W
MMM RASh I RMRIIFLVWEBLSWD, kDN 8GN 3T, LilNa 1 ~Na
TED GMMBIERHOCRMBIBAETNILIICE I Y2 v b MIERERDRMTH D, ZOHD
N B~Nol 3T, THIORMMAN] ~NT7 LD EFE, ho, BBIMISMEIZY » 280 LY
CETIEMBMENNS S i, KBHRMIZEVT, Py I 7 b MOTESERASLL TS, Y
RMRICEDOHEHWH SN BH, Zhid, NS RRUMCENT, F—=aBLUHT € LKUE
LSOMACRUBOLNAE, B OoHLWLDTHB,

AR ETNT, BRI HORMBROTIYERDB L, Nl ~NTEAVEHE2T 4 cal /g
*UO, (o (BMEZ) =x6cal/g*U0,), Nal~N]l3Z\Aas278cal/g U0

(6=%8cal/g*U0,;)TH 5, ZXN8~N 1 3T, MHRONRORATORMS, £0

FHISAECHBMCBOT, BHTORMBENG L/, ANTEIDIC WIS (A,
ZeO,{IDBEH LI AN 04 ONME) M, XOEGRMMIZGELTOITMHEMNS 5, 20
tebic, BIHBORMROTGEH N1 ~NTOHEVEIGLD 6, N8~Na]l IEMATHEL
RSO MG SRS EE/A SN D, 545, Nol ~Na7 ORMTIE, TDIREALIMHMITN)I )
Ty 7L LTWEDHTH D,

EZT, MEREMBZEALZILV NI ~NTDHDEMICDNTHDIE, MHR 5 v 7 DR
RMROTLIMIE26 1 cal /g+UO,; (g=td4cal /g+U0,) THO, LbiLiHMoOMIN
RMROTI2 7 4 cal /g2 UO, £V 13 cai /g U0, Pty

oL, MEZ 7 v 2 HKIZS KMMUO, Ly b 2ARTE » YRELS L HMTE,
W25 9 7 BTERMR26 4 cal /g+UO; (ZOHUEMHRY » 7K TFRENDEMRIET »
FHREERLIE{TE Fig. 20&95cal/g U0, M{269cal/g~U0D, &%43) D
ERTERBANGERALUD -2 LHERT2L48NMB5, 2F D, BRANRMRTRERY LN
SLIAE, 269 cal/grUO,THRMLAEWVZLERLTVS, X, NS RREAMAMTIZ,
Test 200~ 4RZBNTAY v 7MEERMR2 5 4 cal /g+UOy (M5 » 72 HTHEH
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(2)

(3) Fuel;

4)

{5)

(6)

Reactor Type;
Reactor Vessel; 3.5‘(\:1«) x 4.5"(Vong) x f(dup) open pocl

JAERI-M 84-058

Table 1

Fuel type

Fusl enrichment

Clad mtarial

Fual diameter

Clad diamater

Length of fuel section
Number of fuel rods

€quivalent core diameter

Control Rods;

Number

Type

Poison material
Rod drive

Transient Rods;

Number

Type
Poison miterial
Rod drive

Core Performance;

a) Steady state operation

Steaady state powsr

t) Pulse operation

Max. peak power

Max. burst energy

Max. reactivity insertion
Min. period

Pulse width

MNeutron 1ifs time

(7) Experimeat Tube;

Inside diameter

Characteristics of the NSRR

Modified TRIGA-ACPR (Annular Core Pulse Reactor)

12 wtX U-ZrH fuel
20 wt¥ U-235
Stainless steal
3,56cm

3.76em 0.0.
3Bcm

157 (including 8 fuel-followersd
control rods)

8 (including 2 safaty rods)
Fuel followered type
Matural 8,C

Rack and pinion drive

2 fast trarsient rods and ) adjustable
transient rod

Air followered type
92% enriched £,C

Fast s Prnaumatic
Adjustable : Rack and pinion & Pneumatic

300xw

21,1000

117M-sec

3.4% ak ($4.67)

1.17 msec

4.4 msec (1/2 peak power)
30 usec

22cm
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Table 2 Characteristics of test fuel rod

Uo; Pellets
Diameter 9.29 mm
Length 10 mm
Density 95% T.D,
Enrichment 10w
Shape Chamfered

Cladding
Material Zircaloy-4
Outer diameter 10.72 mm
Wall thickness 0.62 mm
Fuel Rod
Pellet-cladding gap 0.095 mm
Overall length 265 mm
Fuel length 135 mm
Weight of fuel psllets 94g
Number of pallets 14-15

Plenum gas He 1 ata.

~18—
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Table 3 Summary of test conditions
Reoctivity  [Energy deposition —
Test No. (3) el /q-U%OS Objectives Remarks
- 10 i
200-4C | 276 227 o mears o i _—
200-50 | 3.05 258 -
232 -12 .70 12 'a:’b”“;;ﬁ:
15-7 | 2.56 221 | posilion ood aro
232 -15 3.05 260 power profile
207 - 1 steady stale (4B kws) [ obli '!"l reiotion ;eﬂ fusl rod contained
- between axial powsr | 5%, enriched UO, peliets
207-2 | 305 264 | protie ond fusl 0d | of bo ends of fuel
207- 3 322 282 failure behavior | sjack.
207 - 4 3.22 274 Test fuel rod was
instolled at 4cm lower
207-5 | 250 210 esilon ot e coe
2iB- 1 3.06 261 *PIE
Table 4 Ingtruments of y-ray scanning system
measuring instruments type remarks
Horshaw NoI (T2)
Detector Type 1251273
High votiage supply [ORTEC model 456 [H.V. ; 1200
T = | Input copacitance ;
Pre. omplifier ORTEC model 113 500 PF !
in 3 200 x 0.6
Linear ampiifier  |ORTEC model 452 | Sutoit ronge- 1oV
Shaping time ;1.0 xsec
Fraction ;
Puise hight cnalyzer [ORTEC model 455 b’:lf %ﬁ“ "
Counter ORTEC model {776
Timer dual-counter - timer




Table 5 Maximum cladding surface temperatures measured by thermocouples
for Test Nos. 207-2, ~3, -4 and =5

Energy Moximum cladding surface temperature () Fuel rod
Test No. deposiion position
calig-U0,) | * 1 %2 #3 %4 #5 #6 | %7
207-2 | 264 1650 | 1600 | 1560 Ti}%ﬂsﬂ . STD position
207-3| 282 1800 1800 (1100 1200 ditto
207-4| 274 1540 1500 |ViCipg | 1580 | 40mm lower
207~-5| 210 {1210 {1270 |1290 |1280 | 980 |1330 ditto
Measured position
e
25 = #2 23 =6
207-2,3 =~ 7| - 7 .
5 #2 #sr *6 5% enriched
207-4,5 =» L
a7 4
; 40

(=)

re center

{ unit : mm)

850-¥8 W-1dav[



Table 6 Maximum cladding surface temperature Table 7
and local energy deposition measured
for Test Nos., 207-2, -3, ~4 and -5.

Crack position in the test fuel rods
irradiated at around failure threshold

energy.
Eoergy Crocked position ond the
Locol enesqy deposition Tempesalue Test No. deposition disionce from core  center
No. . Tes! No col/ ) )
AU,  moloovwoge (C) loal/gU0, {mm
i 2 1.03 1650 S35 ml Ll
2 263 Lo - 1600 207-2 200-5 264 I . 4
3 262 9.97 1560 PUENNEN TS ,
4 282 1.0 1800 200-58 267 ——T
] nolwll0: __ 470 | ,
5 282 1.0 1800 207-3 200-5C 258 2 {
6 169 06 1100 ass |
7 183 065 1200 200-50 258 %7 —
275 i ,
8 266 097 1540 207-12 258 e e
9 238 0.87 1500 201-4 575 '1
10 238 0.87 1580 217-2 260 . —
11 193 092 1210 : 62 . 575 | ,
2 204 087 1270 218-1 2 L - —
—30 ]
13 210 1.0 1220 201-5 200-2-2 271 = " r
14 204 0.97 1280 AL |
15 189 0.82 980 20-6 . — —
16 214 1.02 1330 200-68 276 [ 1 —
200-6C 264 —
S%V0, 815 ____§ )
207-3 282 [ —

207-4 214 ¢

i
=

850-¥8 W-l¥av(



Table 8

Average and local energy deposition in the test fuel rods

JAERI-M 84-058

irradiated at around failure threshold energy.

Energy deposition (cal/g-U0,)

No. Test No. Average  Local ot failure
1 200-5 264 280
2 200-5B 267 283
3 200-5¢ 258 268
4 200-5D 258 268
5 207-12 258 268
6 217-2 260 276
7 218- 1 262 278
8 200-2-2 271 287
9 200-6 271 287
10 200-68 276 281
i 200-6C 261 264
12 207-3 282 287
13 207-4 274 282
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CAPSULE DlélOLD-DWN

Fig. 1 Vertical cross section of the NSRR
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Oft - set Looding Tube Direction

Grid Hole
Fuel Element
Bonk Control Rod with Fusled Follower
Safety Rod with Fusied Follower
~ Tronsient Rod with Air Follower

QOe® +

Fig. 2 Operational core configuration
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Fig. 3 Reactor power and energy release recorded in the data acquisition
system for $4.7 pulse

al- TA+TB+TC -14

Insertion Reactivity (S)

0 s N s . N
900 800 700 600 500 400 300 200 100
TA Position {unit)

Fig. 4 Insertion reactivity versus transient rod position in the NSRR



Axial Irradiated Position (cm)
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Fig. 5 Axial thermal neutron flux distribution in the NSRR
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Intensity (normalized at core center)
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Fig. 9
No. 200-4C

= ¢§
L)

¥
¢
R ¢
S *+W’¢¢m,“e*wmh¢wg* -

1 1 [ 1 1 [ 'l 1 1 I

Intensity (nomalized ot core center)

=60-5040 -30-20-10 0 10 20 30 40 50 60

Distance from axial core center (mm)

Axial distribution of y~-ray intensity in the fuel rod of Test

t.3
1.2
(.1
1.0
0.9
0.8
0.7
0.6
0.5
0.4
0.3
0.2

0.1

Y

4 »\
”mewwwwwwﬂ
!

0.0
-60

Fig. 10 Axial distribution of y-ray intensity in the fuel rod of Test

No. 200-5D
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Intensity (normalized at core center)
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Gradients of axial distribution of y-ray intensity in the fuel
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Fig. 11
rods irradiated at 112, 221 and 260 cal/g+U0,
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Axial distributiom of Yy-ray intensity in the fuel rod together
with neutron Flux distribution measured with Au foils in the

Fig. 12
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Fig. 14 Axial distribution of y-ray intensity in the fuel rod of Test

No. 207-5 together with neutron flux distribution measured

with Co wire in the core
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X-ray photograph and y-ray intensity along with axial direction
of the fuel rod of Test No. 200-5D
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Fig. 20 Maximum deviation of energy deposition along axial direction
without edge effect as a function of energy deposition
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Fig. 21 Axial power distribution]of a fuel rod around the crack portion
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Fig. 22 Cladding maximum temperature versus local energy deposition
measured for Test Nos., 207-2, -3, =4 and =5
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Photo. 1 Summary of test results for Test Nos.l 207-2, =3, -4 and -5

Test No.
Energy deposition Post - test appearance

207-2
264

207-3
282

207- 4
274

207-5
210

850-¥8 W-I¥avl



Photo. 2

Post-test appearance of the fuel rod irradiated at 258 cal/g-U0,
(Test No. 200-5D)
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