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Semiannual Progress Report in the NSRR Experiments (8}

January to June, 1979

Reactivity Accident Laboratory

and

NSRR QOperation Section

Division of Reactor Safety, Tokai Research Establishment, JAERI

(Received February 12, 1980)

Fuel behavior studies with simuiated reactivity-initiated accident (RIA)
conditions have been performed using Nuciear Safety Research Reactor (NSRR)
since October 1975.

This report describes the results obtained from January to June 1979.
Forty-seven tests were carried out during the period; which are 3 standard rod
testﬁ,? fuel design parameter tests (3 autoclaved cladding tests, 2 gap gas
parameter tests and others, 3 cooling environment variation tests (forced convec-
tion tests), 16 USNRC fuel rod tests, 5 defective fuel rod tests (waterlogged rod
tests), 2 high pressure capsule tests, and 11 miscellaneous tests (fuel rod melt-
down test and others).

Keywords : NSRR Reactor, Reactivity-initiated Accidents, Fuel Behavior, Fuel
Failure, Pellet-Cladding Interaction, Pressurized Fuel, Cladding
Heat Treatment, Subcooling, Forced Convection, Waterlogged Fuel
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Summary of the progress in this period

(M. Ishikawa and T. Ishii)

This report describés the major results of the NSRR experiments
conducted during the semiannual period from January to June, 1979. As
shown in Table 1, 47 tests were performéd during this period, and in total
360 tests have been performed since the start of the NSRR experiments in
October 1975. The tests during this reporting period consist of 3 standard
fuel tests, 7 fuel design parameter tests, 4 cooling envirommental varia-
tion tests, 16 USNRC fuel rod tests, 5 waterlogged tests, 2 high pressure
capsule tests and 11 miscellaneous tests. The outline of the test results

is summarized as follows.

(1) * Standard Fuel Rod Tests:

Two additional tests were performed to measure the transient elonga-
tions of pellet stack and cladding by LVDT. Reasonable transient data
were obtained by applying thermal insulators to LVDT pickup coils and at
the interface between iron core and pellet stack end. A preliminary test
was performed to examine the effects of mechanical constraint of a spacer

grid on fuel behavior,

(2} TFuel Design Variation Tests:
As fuel design variation tests, tests with auto clave treated cladd-

ing rods and gap gas parameter tests were performed.

{2.1) Autoclave Treated Cladding Rod Tests:

Four irradiation tests were conducted with the standard type test
rods fabricated with autoclave treated cladding. It had been anticipated
that the autoclave treatment might have some influences on surface oxida-
tion or deformation of the cladding. However, no measurable difference

was observed between the autoclave treated rods and standard ones.

(2.2) Gap Gas Parameter Tests:

Two Xenon gas filled rods were tested under low coolant subcooling
conditions, i.e. in 30 °C water under ambient pressure. Influence of
lower thermal conductivity of xenon gap gas was confirmed under low coolant
subcooling condition. The maximum cladding temperatures decreased, and
the film boiling duration increased compared with helium filled rods as
were observed under high subcooling conditions. The influences of gap
gas change on cladding thermal behaviors, however, were much smaller than

those of the change of coolant subcooling.
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(3) Cecolant Condition Variation Tests:

Forced convection flow tests were conducted under both ambient and
elevated coolant temperatures. Rod failure threshold was investigated
at the flow velocity of 1.8 m/s under ambient coolant temperature and
pressure condition. Fuel rod failure occurred at the energy deposition
of 310 cal/g-U0,, but did not at 290 cal/g+U0,. Those results indicated
that the enhanced film boiling heat transfer by forced comvection sup-
pressed the coolant temperature rise, and decreased failure threshold by
about 30 cal/g-U0,.

One forced convection flow test was performed under elevated coolant
temperature. Energy of 190 cal/g+U0, was depdsited to a single rod under
the coolant temperature of 60 °C and the velocity of 1.8 m/sec. As the
influence of low subceooling, maximum cladding temperature increased by

about 50 °C and the film boiling duration extended by about 4.5 sec.

(4) USNRC Fuel Rod Tests:

RIA fuel behaviors of remedy fuel rods were studied in NSRR by request
of United States Nuclear Reguratory Commission. Two types of remedy rods,
i.e. zirconium-lined and cupper-barrier cladding rods, and the conventional
GE rods as the reference were irradiated in the NSRR standard capsules
under ambient temperature and pressure condition. Total of 16 rods were
tested so far.

The major test results are:

1 TFailure threshold energy of BWR rods is equal to or a little higher
than that of NSRR standard reods.

2 Zirconium-lining had no evident influences on thermal behavior, nor
failure threshold energy.

3 Copper—barrier caused higher cladding temperatures at low energy

depositions, but no evident influences on failure threshold.

{5) Defective Fuel Rod Tests:

Four waterlogged rod tests were conducted. Major objectives of the
tests in this period are to investigate the effects of large power spikes
at the fuel stuck ends on waterlogged rod failure. 1In order to reduce
the end power spikes, end pellets of a standard rod was replaced by low
enriched U0, pellets. Partially waterlogged, 40 %Z and 70 ¥, rods were
tested at 150 and 200 cal/g-U02. One rod failed by cladding rupture at
high temperature, and the other did not fail when tested at 150 cal/g-UOZ.

v
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No mechanical energy was detected at this high temperature cladding
rupture. At 200 cal/g-U0,, however, cladding ruptured while it was cold
at the-early stage of the transient. Both the pressure pulse and water
column ejection were detected at failure. Those transient behaviors and
the post test appearances of the rods at higher energy deposition were

quite similar to the former waterlogged rod tests with NSRR standard rods.

{(6) Miscellaneous Tests:

Two fuel meltdown tests were performed, A single rod was tested in
air environment of inner container at 380 cal/g+U0, to cause complete
meltdown. In order to examining molten fuel behavior after rod melt down,
a thick steel plate in one case and a shallow water pool in the other were
accommodated at the bottom of the inner container. In the former case,
molten fuel dropped on the steel plate as a lump, but did not cause the
melting of the plate surface, In the latter case, the fuel dropped into

the water was fragmented into small particles.

(7) High Pressure Capsule Tests:

High pressure capsule tests have started from this period. Two
irradiation tests, one test by steady state operation and the other by
pulse operation, were performed for the calibration of energy deposition
in a single test rod under BWR conditions. The conversion factor to get
the energy deposition based on the core integral power was obtained through
the gamma ray measurements and the chemical analysis of the irradiated test
rods. It is anticipated that 350 cal/g+U0, at maximum can be deposited to
a 10 % enriched fuel rod under BWR conditions. Scoping tests of the high

pressure capsule will start in the next reporting period.

vii
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Table 1 Classification and Number of NSRR Experiments
{(Oct, '75 v June '79)

Number of Tests

Test Items Jan. '79 Oct. '75 Total
v June '79 v Dec. '78
1. Standard Fuel Tests _
(i) Scoping tests 48 48
(ii) Fuel centerline temperature
measurements 3 3
(iii) Tiyel elongation measurements 2 11 13
{(iv) Rod supporting effect tests i 7 8
2. Fuel Design Variatiom Tests
(i) Gap width parameter tests 16 16
(ii) Enrichment tests 17 17
{(iii) Pre-pressurized fuel tests 37 37
(iv) Cladding parameter tests 5 19 24
(v) Gap gas composition parameter
tests 2 8 10
{vi) Others 16 16
3. Cooling Environmental Variation
Tests
(i) Coolant temperature parametef
tests 17 17
(ii) Flow area simulation tests 22 22
(iii) Rod bundle tests 1 9 10
{(iv) Forced convection tests 2 6 8
4, USNRC Fuel Rod Tests . 16 16
5. . Defective Fuel Tests
{i) Waterlogged fuel tests 5 54 59
(ii) Fretting corroded fuel tests 12 12
6. High Pressure Capsule Tests 2 2
7. Miscellaneous Tests 11 ‘ 11 22
Total 47 313 360

viii
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AWEZIZ, 19790 1 H L0 6 A% TOMICERL 72 NSRREBIC D0 TEDEREE &%
1bOTHD, COPMICEREL 2E R ATRICRTY, £ ORFISEEREEE 3, M
7 A — 4 ZABRTE], BEMT 2 2 8 3], USNRC #EIERER 16 [B, REa#g¥ 5 5 E,
SEREEN 7 e B8R 2AELZOMIIETH S,

B AR TRt R TRy b BLUBBEOMUR2AE ST 2EBEATY, HUD
BEASICET RN T4 2 NE L1 '

RS A - s HBTEA— P L TUERBMA N - BRI L 38R B LU F v v TH
2T A = SRBEFT > 1o A~ by - THEMEBRARTE, £— b L— 7RMIC L0
B oOBLOEESS i SRS L s s, EROER, # -t v—T70BiIcib &
Hbh3EEELEREADONLES T, T1, Fow THRANTA— S RBTH, ~Y 740D
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BRGNS E S, UL, BEBOKEIE, 477 - VEOBVICLLGEEICE~R
EDICNESHLEDTH -7,

BEM N A — s RBE LTI, FREHTOARRRERZT SHETH LT, SEHKR
260°C LA HHMALBOFERL 2, COKR, ZRFHTH, REE 18ms &
L34, B L X 0ESH 300 cal g-UO, 7130, BN T TOREERIC -~ 30 cal
S U0 BLERE AT s, X, s 77 — VEMTTHLBHMROMROKE T EHHR
xtitz,

USNRC #8R8%13, XKEEFF#HEE (USNRC)DEFIC LD, GEHIZLI DR S 4172BWR
Al Remedy #EHZ >0 T, FUSEBHRREG T TORBEZFANLDICERLIIERTH 5, PCI
WL LCHREF N v a =0 ARBHEETERE, R THETRESIU A SHER
EEORBEDLHIEINE TOBWR TEH S TO 27 RBMRE O 3 BOBE ORF AL T
ohee COREE, WL A VIR LT HAREMN S L CREHRE KBS NERE D o0
¢, 7z, NSRREEHEMAKI & LIZEECEHELEVETH -/, BIEDOIKES, USNRC #¥ O
AHH, WEEEMOLONE TP EERE, NSRREEREOHERKELFERLILDOTH-7
N, FEEEBE 400 cal g UO, OEEBRAITV, BB HRBET SOTRERA D, EIpinvzx, K
76 11 E & b IC NSRREESEMENC & 5 REROFER L KEMUD 70 DLEOFESS, BWR
Remedy #¥H0s, BUREHHREH FICB L THARBOMB L OH S b0 THVWHRBHERINI,

RipEz X5 EEB E L TREKBREB LM 40T -7 22 Tig, HBRBEOMIEIREIC
HUABHAE - 7 BRABEOBESRH TR EUEEL L - TV AHEY, BHRICd BEEL
THHE =7 E2MA - EBREICL DD - TETOL A0, S, mBodhe— 274202 57
DICHIED~L 5 b | HAEBREOLOLE B LEBBELH O Ho ke eaix
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Tl COMR, WBEATEY-7 ORVEADOHIER, RKEBOZ /M3 vEBSOLT,
FHBE 150 cal g UO; ORFICE&GENY—A b3 5%, XESNTHHIBIKEESLS, WHE
bIEAERA LIV E, BERM 200 cal g U0 KIEBEEEA-2 bEAELT, WEHERE
T AERABEBEHOBIB LIS Ldibd > 1,

ZOMSHRIIARE LT, BHMBRKRLABEOBREOD A V5 v BEEEENL 10D, &
LU TD N RBHERBEIT - fro FoBB 380 cal g UO: £ 5 2 THMEI A FRA KA F a7
B, R ETHE T LABOE2RB 1 2OMENR > TRILL, BREDBEHL VR AL R
=3RRI, —F, FIURABRTHEM LKDICET IS0, SR -THEL, &
AUREL &k & DRSS O L O BRI TH 2 HD o d - fr, T O, BREME HIEHER
A= HRER, v FPLVEBRELRI STV 5,

X, AW 0EEEES 7 VERBREEA L, 4R, SRBHORBRBEEAIT>HEEZE
e LT, EEEETORBREBRELC SV ABHE 1BEBL -, X, ZHhICHET, b
TeNDT - X Z OMOFF S LABEREE T — 5 OINEET - 1o, BERREO 7 BAlE
BLUOFP ERBAIC LI SN NRIEDHER, BFE 10 20X BB LAV EE, BWREMH
TTHEA B0 cal g U0 T TORBMBEEZG I ONLSHBEREIN, RPLVFESEH 7+
T k AEBIIIERABET 2 TETH 2,
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Table L. 1 NSRR FZERD435H & EER[EI%L
A B IEH S| i 54‘1~54.;¥50j51§~|§;.12 e
1 Bk sl
() 27— vyt FHESHR2BMEITBE L, 2RUBEZEE) 48 - 18
D
(i) e LEFRERR | Ul <l v b Ol GE% HITE LSk 258 3 3
RO CHREEREES,
(il MR Ol e R UQ; <Ly b5 L UHEE OB MO /T 2 11 13
BAHAGE L, BESEEco 0 S ER
2155,
(i) HAEHE T FE R AR HEEOMHESSIBREEEICEZ 5% 1 7 8
HAEHE~B,
2. BELYS 4 — 5 A
(i) v o 7K M E v o TIRSBRE OREREES, W 16 16
T T
(i) L8R BERAEAEEORLIPIRL XV E L O 17 17
AR AL}
(i) A #RElaRER PREHEA & RS ) & OBAfROFTIH 37 37
(i) Bk B WEME, RE, SBWIESESoREEE 5 19 24
BB RITT
(iy) oo W2 A—FHER | Fy o 7HRAREORBERELES, WE 2 8 10
I RITTEE
(V] Zoith 16 16
3. BHIEME~S 2 - HER
(1) HEIkE 7 A —5 BB | AEVKEEOREHBESIC RIZTH 17 17
(i) s A BB R T RS 22 22
(iii) » > F gl SNy FL (4~5F) RETOREREB 1 9 10
L&, WiEo@Ek20THEN
{ifiy sedh) ot it L ER BHIKRD B DR EREIC RIS 2 6 8
4. USNRC BREIAER BWR & Remedy #EI D8R £ By D FEHH 16 16
5, REREEE AR
(1) Bk REEEIOBIE L& Wil BET ¥ 6 54 60
DEE
(i) 1A e Rl 58 BB O RS SR A B B3 4 R 12 12
6. SEH 7L VRR PO BEERRE - EEHFTick T 288 2 2
B Eh D FTEH
7. # ok 11 11 22
= 3 47 313 360
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2. NSRR%%
2.1 WMENSHA-SEE

2 1.1 BHREEMZR G- b2 L—TH)

(M W=, WL B OE & BEF B

(1) KERE#®

BWR BIBE TREBEORNA DL B AR ICS L LACEORIEEELE, Thzt— b
JL— TR E G - TV A, COMEICE BBEO™RIL, B, BHEICRIE T REsE ORE
ThHEPERTF- S IEREL TV 3, BETTICTEbhit— 7 L— 7BEMERV N
SRREERE L Ti2 26 %M&JPDR— | BURKIHER DS 5. Lo LESSEBEIETHELD,
EHEE BB TELLOTREY, TLTEERAHOWAET (Jrhod —4) 24—
R L—T L bDARERBEE L, TOESIABIEESBIESICRIIIEEBLIHELEL
AT, BEERE L OBVEROHICT 2L RICT -5 LTV

(2) EBEE

EEmE ONEMORAET A 2 L—TREBLALLOAXRERE LT,

A— o L TREEHERIROLEEDTH b,

B 400°C £10°C
FE 4 : 88kg.cmig ilgkg/cm2
B M : 12 BRI L 0.5 By

(3) EBRIER |

Table2 L1licA— t 7 L— 7HBEMBHEREROENE RS, ERIR 3BTV, TR
WA LERE, BRIIRCBHEOSE, AE, BORRAIEL, &ScaEEABROEHERRE
%1115 -1z, Fig. 2 L 1 KR HBEABOERETRY,

Test No. 219—1 T35 #E 234 cal /g-U0: 252 KR, REMILmBORILL, K<
—#y iR HEEE A L, BEIC L ZBMEEOAREREART L5 BOEMMASL 54,
PTG SO H -7, BEEOHDIITEES - YT 1l4dmm Th-712, HHEERER
FE R MRRHE T T 1480 °C, [ LERC 1380 °C DR B R4 06 L 7, B Heke: s 3 phk i
THTHsLH, REBTHISHTH- T,

Test No. 219—2 T3, EEBETHIBIE > RABODP TR HEVFEEE 264 cal g-UO:
2571, BWEBIRELTETCLHROEESBRSN, 2Fkhk -~ TEBORLBED S
iz, SHETFHACEATHIOMMICH7 BEIH 10 2m OBLEOREEAL SR, L
o LISH SEEBE ORE L & WVELE THRENTEEBY 7 v 7P 2T OMOBREEDORERRED
Lhe, COBREBRBEIESE, -/, HETLATORSRERUERBREEREGZ, A
FHBT 1710 °C, T#y, [ELET 1600 °C, 9B TH - 72

Test No. 2193 Ti3, X ocmsEs: i 271 cal-g. UO, THRS L7z, MK T #AE
SO 5mm EHTEAY 5 o 2 AEUARE TEBL TV, £k, BRECRONB LI

— 4 —
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AR 707 &BAHE 7y 7CBLUTRELTO, BERLFILPKAROB{IEAEL,
LERRDELS THRICHNRBLTH -7, —FHRABTHEREESRE(REAL, BILEDOH
NPHMBHEERS SN, COBREEREX 100 mBETH Y HESTABDH 16 % L
tr, HEERMGSERL, MEHETIH T 1780 °C, LT 1620 °C TH - o,

(4) BE

Test No. 219—1 TH, FRMETHEE U/ EEME (Test No. 111—17, F#E 229 cal g,
UQy) EHEFT AT LILED, A+ 2 L THEVMOBLBHPER cRIFTEBLHL &
DS, L LEAS5 Test No. 111-17 THIE S hABEBEHPEREL, ABORER
POHET A EMEDS LT VREFRIIUTHE, ERICEIEA - + 7 L — THEM OB
LR E S ZBEMSETHRE L LT H, WETOBRILREOEESED S0, HEEED TH
NWhD LYW EN, DT ELGA— b L—TOFRBPIVEHER SN, HEOZILE L
DFEF BT EREYEEDN S, '

Test No. 219—2, 219—3 {3, BHELEVEZRHEL L5 & L2 O TR BROEH D O FEEMR
HoEarbULawEichd tBbhik, LoL, BRHEOABRIKERLTAS L 26d4calge
UO, THREST L7 sihi3 Eae el o 254 cal g+ UO: DRFFLEAML, 271 cal-g-UO: TRH LK
BROEHIABHEREL D 264 cal /g U0, DEE0 A L# 8 M K D 260 cal g+ U0, OH & & U
T, ARBRBIBI L4~ b7 L — THEMBR EEEBHOBREREHPNERTH L&
5, COWELEVEOBEVICRA - 7 L—TREOEENSOOLNTVELEEEL 0N D,
L LZDEOEHcal g+ U0, THY, AR 7 v 7 ob50, BHEBBLECRALSNE &
75y 0 BEFRTHLILLORBMICHELSVE, RUBERBCED 3LV LH#xhn 5,

212 Feol AR A—5HR

(EeW X, MKk R, FHR OBt SH B2

(1) #EEREMN
NSRREBROEEBENCE F + » THRELTHAN VY LBHALTH S, LLAHE, E
BEDRFIFOEMETI, -7 o 7OBITICHE > TERBDICE U FP AR F v v 7 IRITHK
Hat, Fro FHAOMERHBENT 2, Fo v 7HCHKHBESNEFPHRE, ¥/ v, 707
P UHEORNEHST ABERDT, OS5l IR EANY Y A ERBERESABICE, ¥
vy TREEREE T APHRER -T2, | |

AEBOHNE, MEBX/FPRUKEEF v o 7N AOREBERETOEEERLIFILSH
D, EEBEOE v o TH R ERMEEBHEANY T LIS 1L/25~ 18D vHE R T
JyiRBEL, REOREFEE, BELEFVESIRETEBLE~ TR, FillE TR, ¥/
YHLORT AT oEHABENCBIL, BEMAZEER (25°C)FHTORBRET-TE b, &
R, XSIEY T —NVEHRHTO Xy o 7H AMBROEBLNA 125, BWEIBEREH 90 °C
DEHTE 7 vEABEBIZ OV TORBREERL /2,
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(2) HEHH:

ABRIHOF v » THZAOBEHL, ~ )9 L H2DBKE SN EEREED FRE®OELHE
WO, AEHRERZEG & LTROLE, £/ v ARERAT B HETH » 2, HZ & » A
AROBOELTHRBERAET S1DT, Fo o 7HRFITIF 00 FBHRENATVS, '

F/, GEIMIRE A 90 °C KERET B0, B 7 LRICES b — v A48 L, EBick
L->T, Toic#sfErd TRIRL®, BRe— 738 > T NV ABHERE 7, Lis
-, RBROVHICE T, B4, MEL6I3EE—I90°C OBRELED, ho, HK
ﬁﬁﬁd(@uwﬁﬁﬁwf,mﬁﬁﬁuﬂukﬁﬁ,Eﬁ?@@ﬁ%ﬁ&éﬁ&C6ﬁﬁwo

{(3) EBREREIUEE

¥/ Y HRE kg om®a DEHTHA LBEERG, BE0HE X CRSIMRZEE 9 °C
EL, HBES 177 cal /g+UO, LU 232 cal g U0, 5 X AFKBRAE 1 BT - 1, BEMTED
FEREA Table 2 1 1 IERT,
F@e2Lzmﬁﬁi1naw@¢m2®témﬁﬁﬁﬁﬁﬁﬁtzbu—&,Ew%mﬁﬁﬁ
BEIM Y T2 - VEDOANY T L5 AR (FESRE) OBSOREREAEE L, BEOLE
RUOTBARO T, ¥/ Y HABEOADIEENER, o, RIAHMROAR LY S PHh
THY, Frou 730505 72OETOEEBSHOHICEESN, 3/, AHEESENL
Wiz, 2w FRKRE TORB O 0 MIECESITVS  FHED 232 cal g+ U0, O &K
3, $EMEERAREN G | A%2KRE, 1700 °C YL EEBR LR S TR L, S#EMEBEES RS
i@ L $ER L, WEMAROREESN RSB ALL, MEEHEORE PR, [
HYDBE®Y 5 5 2 B U, Fig, 2 1 34, BEEIURMEBT, QUBEMy T/ —LESR
HTIT - REREHOE R R L SHO¥ , Y EHABBOBEORREERR L. ~Y 7 48A
OEEBEIOES BN LD LT, ShoBEAAN LTBRE<L » FE2 1RSI
HTwaDicH LT, ¥/ yHABRMTEHEMO LDbRED NS, BRI 27 7 v 7B 148
A-tefZicibE-Th3, Lich-T7, BEBRLEVEL-BAIRERBTLY v+ » 7V 20OH
EUROEBIHRANTVEEER S, |

Fig. 2 LACKBMERRSBEOLKE R Lic, KEUHIOZ o o b€/ v H2H AM
BHC L ZEBRERTH S, WEHIHH 727 - BN T5°CELT10°C DVWTFNDEBETEE, v
HADHB~Y) 9 s ABELD S 100~ 200 °C K< BAHRNCH 505, iy 72— vE
BT EZ TIBEICHAREEINNECER LD 5 1,
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Gap Gas |
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O o  Subcooling 10C (no failure)
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2.2 BHBNSIA—IER

2.2 1 mExFsER

(IR BA, M BH, FHR EX, 5H §2)

i1 # %=

KA ORI S BRSBTS 2 B8 %%ﬂ«étww Aifficsl ke, SHE 20
DEERAET -7 B, BRLEVEDTORBBTHEMORESL 72 —5ELTEEL
THEHEEHE AR~ s, SHEBEL 2SRk s HEEEEHNE LTERZIT- 7,
EEREIE, BENMEEAFER, HiEE 18msec &L, BEHTGASRBES 290 cal g+ U
. Os & L, CORE, BALEWEN, ERO2-0FKMBOMITEZ2E0bH D, EEMEE
i ﬁm%«%a&d@[ﬂhtib%%&m@,ﬁﬁﬁﬁm$ééﬂﬁﬂ@%wﬁmﬁLéwﬁ
\
|

STLTHEELRETEPERN SN,
(2) FER#EHE
(a) BHESSOAREBELZVM
Fig. 221C%%&®%ﬂ®ﬂﬁﬁﬁéwio%ﬁEXvagUozrﬁﬁbtﬁ%wﬂ
(Test No. 240—7 ) BER LI, -7, L L, HEELREDIC, AEEMERT RS LMNO
BENBH LN EHNS, 290cal g UQ, BHEBLEVEAETHLLELEELONS,

S S, REEA 20 cal g U0, L& L7 310 cal g+ U0, TRE L - H BB E (Test No.
240-8 )id, RAFOLWEIOH 0mm TOMET2 it L, 7, RBHMOPRD
180T, WEBHERLAIMDCRELAZLEDNLHBEOREBHEL TV,

Pl FORRED S, ISHMTEES 18 msec & LIBEDOHEEL X WEE, 290~ 310 cal g
UO, TH BT LS h, HERHERICE T SMEL &V ED 260 cal g+ U0, T H~H
30 cal /g UQ, L85 T Ltk s i,

{b) HEHHRIEE

Fig. 2.2 213, SHOEBEREEY, IhE TR LA 1.8 m sec DM XHEER
STOWBMETRSRELRBBIIHL T oy b L, EERNEROBRILELL D
T# b, COLIIIHEN S, REMEH 190cal g* UO: 225 310 cal g+ UQ, T TOILWEDH
o 1o ORI L~ B R TEIRAE 1340 300 ~ 400 °C (B X 5 HEhbh b, AR
5310 cal o UO; 1€ 6755 BB <L 5 F ORI GERT 2B, DL EORBIER
1, SR TIC & B IR B R DA DORIERD, Sy b HRAE U B L NBVRAR
SUTLEETHIBETLT S, @BLERICE, 7oy FOB - B L DBEBEORED
HEARLTH S, BETHER, BEMREROEAEOTS, FEEAHERLBERE LS
WEMERRSEEIH 1600 °C 2MA LA TELTED, BRERESME Lic X 28@HEE L
ROME S, BEHHERICEIIBEELEVWVELRORE | 0ERATHLELZTRL TV %,
{c) BEMFEOBRREEE
BEWRERICE\V T, KBRS ADRRAE F 7 o 757 4 27 BB L DRERS
HIE Lo
Fig. 2.2 332N E TEM L HFRE 1.8 m Sec DERICH T HIBEAM AN TR (AR
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RKMBICET 2008 OB LS LUMBHMEHEERAR ALK L2 b0TH5, 9, ik

PG I | REBORBRETHIH 545, RBEED 270 cal g UO, LI E O SIIE, X5

19 1.5 BIRICE 2 B H OREE F23H D, 310 cal g UQ, DBAITIE, S5 48H 555 B

KT THREDTERICFICIE T LE -, BIREOCEMLRE L LCEBRBROESZ R

RS IR E S L U HRIEROMN Mc 2R 2 b DL Boh a4, F2RUBOELICS

VTR E 2R T, RRARSDTS 5,

Table 2 2. 14T, FIHIME 1.8 m sec DR T - - M S M A ERIEBOT & BERT,

NFTEHBLAEBOBRE SN BREILHIEROL ST B,

@ EEREAEI, ERRMOEROR LIRS CF5 L, RBM 190 calg. U0, b5
310 cal g UO,; S TORBIChL -~ THBM KX E R SERE A ZEEREER LD 300°CHE
B (i L8m sec DIFE) 512 FiFf,

@ RHEENIN FoMR, BELSVEI LR L, EFRTAHMEE L8m tec DIES, &
HESRRIEER & D #Y 30 cal g *UO, LR LT 290~ 310 cal g=UO; & 15 - 72,

@ WHMAOHREHEAL S RIGETL, ETOXSRERBOBEMICENKE {5,
FEMEDH 270 cal g U ILETHR, H15BLBIE SRASNRBETSESON A
OB E EHETIEY,

2,22 (&Y 7 — amElxinatER

(BEm 8K, M BH, BR AL

(1 # %=
HHMREDEROEH TER L RERRERICS VTR, BRATREHIRGEOEREMRE
ﬁKﬁNfﬂE%Kﬁ%%%&%ﬁ@LL,&%Mﬁﬁﬁi@ﬁ%%%ﬁﬁ@é%%?ﬁ,%@
R, BIELEFVES LR L, —77, BEKE N7 2 — s FBROBR, ARMHRS LML
LZRABRICEOTHEAMOY 70 - vENEREBREICRKEEELEZ, 477 LEOEKT
DERBENORESE N b0 L, BELEZVELESETHFEEELR-> T b, LIz -T,
BETFHEH FCBOTS, 477 - VEOEEHIALS DL Ebh, +7 /7 — VEHMEH
S B EICR, LROmEIRICE 2 BEOR LB F » v eV SNAELELIONE, £ T,
@ﬂﬁﬁ%#?wﬁﬁ6%HH#77—WE®%§%%Nétb,ﬁ#f?—wﬁ%ﬁﬁﬁﬁ%
SHL OB L. SHE, GEMEBES 60 °C & LAFEERAE 1 BT -7,

(2) FEEHE

Fig. 2 2. 4 )W+ 77 — v ERIc B 2 ABBME, BE+1Y 7, K, e %0
H T AVHORBEETRT, IOLII, H 7 VERCAHHREROBS t— 4 2/ML7E
PAE, ZETOBFIREROERTHRLE ST, BAMOBERIEIL{ALTH 3,

FHER I, BHMERE 60 °C, MiE L8mSec & LT, HFEAE 190 cal g-U0; OEER A 1 M EH
|

(3) EBER

Fig. 2 2. 53, AEBTHONAWEMEIEEAEERE L, ChWERURBELSZ, MELE
U 18m sec & LAZBEHOEHRER, BAMRRFHFOZEES XU 60 °C TOEERHEER
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DEBARB LD TH S, FUBSMFHEE TS, Bk 77— vEE 80 "CERES)
540 °Cit T Eic Ly, BEMBESEERMN0°CELMY, X, HHERTORERE T
BERLO 7 yFRBEBEMEC N -T, COFR, BHEEBOMERHEN ORI -7
PLEOERE, WENAERNCEERNREE T B 24 77 - VEETIRL-THEL S5
RLFLTHY, BHHAEZHT T, HARXMHEMEFROY 77 — VEOEENH L Fo kD
St L LAAS, ARBAZBRBIZY 77 —VERTORBLIL~D L, RERE,
ARSI & b IR BORERLDNSVESLRD, 77 —VERET LTS, MR
iC X B BB ERESOM LS, HYBRRTE 3RELISBLAL,
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Test No. 240-8 (310 cal/g:U0,)

Fig. 2.2.1 Post test. photographs oleSRR'staﬁdard rods
tested under forced flow condition

2000. F
1500 'ﬁ'
k-]
o
e
¢
3 1000}
r
é () Standard Test
5 @ " {fuel failed)
{7 Forced Convection Tests
500 ¢ B . {fuel failed)
' i} s’ 2 i . . i
e 00 200 300

Energy Depositon [cal/g .Uﬂz}
Fig. 2.2.2 Comparison of maximum' ¢ladding surface

temperatures between the standard fuel
rod tests and the forced convection tests

-7 -
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—— 240

e 280-4, 270°Cal/Q U0,
---es2- ' 240-8, 310 cal/q.U0,

f,...,..,‘.‘_;_-_,.i--__,'___f-_.—._a-"- g

/-—-— PN ""'"'""\,v..-a--'-“’"'

Cad -

v
o -
?’
3,
>
. I
B AT et
FETEIITY Ly
.,
4
—ie
S,
'\\

- { & J
H N IR
f‘ \l. H ¥ ‘,
! H
1 Y b.{ﬂ'\/ E
’ e .I
’ H
i
L 1
H
{
3 .'V
\\
A
v
= 1
A a
‘

TIME  (sec)

Fig. 2.2.3 Transient histories of coolant inlet velocity
and cladding surface temperature
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Flow meter

‘\:\\ Plastic tube
o II.:—
'1
:] Test fuel
13
I +1
‘ﬁ/r Shroud
‘H,/
P Heater
7 i P
1 |

Fig. 2.2.4 Testing rig for forced convection test
under low subcooling

| No. Convection te;gglggﬁre Shroud
i 1 natural ambient without
- 2 natural 60 °C without
B 3 forced ambient with
4 forced 60 °C with
e 3 1 2

_——

1 L 1 1

2 4 6 8 10 12 14 16 18 20
Time (sec)

Fig. 2.2.5 Comparison of cladding surface temperature histories
in different convection conditions
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2.3 USNRC gtEists

(B B, s #H=al, S8 ZE#)

(1) FAHZ

AABRE, U.S NRC OEHIKLD, GE fick » THRE 117 PC I Remedy BEHC 50 T,
NIGEHFREH T TORBEAH L1251, NSRREBWTBEATH - 40THS,
PCIXHRMEHE, BAKFICHER S0 5 904 o 4 BERE OB S EESOWRES, K& 1l
EHHHBEITERPCI KE S SCCH BB L AT EMBEO M EL ~TERIEDS, 20
5 S L THESNAEDTH S, SCCOERLE LTI, <Ly b OBEIRICK » THESIE
f TRIEHEFP (EICa TR I L BB LENBHEEMFAIC LD EEZLNE LD
T ->T&f, -7, GEHTHINOOMAEFAANIEY 2B0T, _BEORESTLH
Lo =g ANREOWEE LAY vHESEER L, PCIMELAE L AKX BREBEE LT
REKPTER LT CETEETZTT N B,
i oD PCINEMB O NWESICE I} 2HH AR GETR Bic b TiTbhTH 0, PCI—
| SCCIRMT 2EMESRE SN TS, Ll, ERICS T, U.S.NRC RS EH Hen
| BHEIEICB Y 5 BB ORBOLEM £ RML, 7 OHB D bic PBF—NSRR B /15
O—BE LT NSRR TOBAAKELCEHbDTH 3,
KBCELEDEB IV TSNS &, LBl O NSRR TO RS ic > TiRig
FI514E 11 Hich /o8 I BINSRREE L B —2B KBV TU.S.NRC L h #0ER ML
sh, chicst UTHBNC TERHBE (£) 2K L€ (MHI52E 4 3) U.S.NRC & 70K
BEOVTHEAL, RRES 7w VKR 18 [0, SR &4 7+ v RER 13O EE T T,
ZoFFECESE, KETHARREORFEEITIV, ChS0MEHIIEH 53 4E 9 A NSRR i
Bishi, RREA 7 VEBRIE, WH53E 1 ACRARKEDAHOSE 1 BHOERIHE
MESHTLEEKE, B S4F 6 HRE TR 16 BlOFERHST T L1,
EREZOFMANEHE A0, "™ c e Tl TOBEOBME L > THR~5,
(2) HAB#E |

Yaa =y AONREEERENL S CICEAN) v HEEBHOMIC, ChooRERmE s
HBRO-HILINF TOBWR THEHINTO AERBMBO=F4+BH L, vr3=9 4K
IRAMEERENL, varnod - IHETONRICKEDN 10 %5304 T54 =0y
LESBEEAEA L bo, ) v HEBEMEN, Yrbof - 2 BBENEICREYE 10 #m
DESITAy * LAWEERER LABEETH 5, BEEOTHE, Wb 8 x 85 BWR
* PCI; Pellet—cladding interaction

*¥ SCC; Stress corrosion. cracking
1* ], H. Davies ,et al ; * Power Ramp Tests of Potential PCI Remedies”, Topical Meeting on
Light Water Reactor Fuel Performance”, Portland, Oregon, Apr. 29 — May 2, 1979

2 *T,Hoshi, et al; " The Response of PCI-Remedy Fuel Rods under the RIACondition”, JAERI~ M
{(to be published)
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BEHEOLOT, MBI X4 v 7 ROAH NSRREBERBEEE & [l 135ecm & L bDTH B,
RO OBMES Table 2.3 11z, #E%Fig. 2 3. 1 iLiRd,

{3) REFEH

ABRMEL | £E NSRREBEKA 7w v (KR, KKE) KEML, RBEEZ/ 74— KR
B 170 ~ 400 cal, g= U0, ODEBETEA Uiz, BEICY - Tid, WEELZEER, mEow:
%7 vARIEst, KREEF SO RIS AEREICE L TR M, RSO BESE [T
Lfe '

{4) HERFER

BERE, TREBEBIZOVT 6, Yooy sRNENEEESHREE LOR ) v ST
#gEic o Tz e 5 BlOET 16 [mfTiEb i,

(1) MEBEgEpEal & 0E

Photo 2.3 1, ~ 3 CHREBHOABILRT, COBERILASH S X HiT,170cal g*UO:
OIS TRWIFNOBE i b EERE B bic X 3ELHA S h, DNB ARA L & bbb
5o T OBILOREL ZFHEDOMEHC >0 THBIS 2L, B v OBREHIME O F 8K 2 45
CEBALEO RS EBH L0, EXRBEL VL= 9 LNEDOBENT L 2 EEROHS
WIEBLTH DL, RBDO LS KABRI L > THH S WA BB RORSRED AIERSRIER
SN PBEBE TGO, 5T, #2) YRHORETERMOBRIAE L 0O, §5) +H3R
ﬁ@?ﬁ@%ﬁﬁbf, o “EEHOBE LD S LB RItLEEDLEER B,

R ORI, EREE XU ) YK G 280 cal, g UO, OBEIT, Yra=wa
PI4E D R TIE Y 310 cal g  UQ, BEH TEH SN, BBEOKNEERICA LN L3 L,
FERBBETIME RN THE THES AR L2 BBEOWENEADOL, Yoy AR
RO R P RE TR U (TERBBET 6 305 cal g UO, THEAMEEL )
Fig. 23 213 EBHE L 2 VW EAHE LR TH 2, ARICBEO®RER LV va =9 4K
5% O BB 287 cal g+ UO, DI FEEE (Test No. 502—6) DR &R L TV 3D, ARAD S
4 2 & 3EOMBIOBEIE L 3 WEICK SRR, BB L EOER 260 ~ 280 cal g+
U0, :EZ o053,

#7400 cal g+ UO; DBH TR, WIFh oS TS OMELsED Sz, L L NSRR
BRI RO R L THENLEC &, BEEESEAEGRE L TV 2 HENE
LURBETHD, U0, <Ly b DHHER L THRE TS SR HM ORI STV B, T
DEEKIZ, BE 25 5 ZRIETOHAE —+ ¥ 7 DIz U0, DEFRAED, " GE#ME D
B THRE TEIAR 7V oo, MM TRETES LROE U THEESHELT
UO, HEBIKRH SN b ICHBEORE LHESDUb - bick b e EL o b, B
PRETAE LROREF VW LE, RFEBEHOBEEBTD Y07 » 1 VRIEOHERTTHITA
FRBABEDONTOAEEDP S HBESE SNAN MR L SBOEETH 5,
¥ Uaang aWERDBRHCOWTEOEER L/ 287 cal /g UQ; DHEHIEE (Test No. 502-6 )

TiREBEHI A L7,

R ERFME —F Y EE 123, AR —F SR 1256 89 5L, UQ, OFEF (550 cal“g-UDy)

N 550 4 )
HE L2 EHRREC THxTE = 358 cal g. UQ, TH 5.
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{il HBEEXAEBEED
‘HgZ&Sﬁﬁ@%ﬁ%%ﬁﬁ%%ﬁbtﬂ?%éoﬁ”U?%ﬁ@ﬁEﬂ@@Zﬁﬁ@%
B~ THESEHAEESSV, chid, BETAEICARD LcfiEal Ty y b -
BEEMOX r v 7 VI8 vRERL LECEREBODEEZ SN,
(i) weEA

Fig. 2 3 413, # 7% vAIE & KAOMR |k 0 &% NSRR BIERKI KB L B L TREL
+ETH B, ARICHLND K DT, #1400 cal g+ UO: BEticsd 3H 7 e ESORKME
mL3~3MgAmﬂmﬁﬁEuzw~mW@cf&atocn6®EM3ﬁﬁ®mﬂﬁﬁﬁ
BEuERLEHONE, 7, NSRR RBFAEROBREBBELTH T,

(5] % BRUAHOIE
chi?@%ﬁ@%ﬁma,Hnﬁ%®GE&E@ﬁﬂ@ﬁﬁﬁ%ﬁ%ﬁ?wﬁ?%%ﬁ&L

T, BFDZEBFAL 9.

@ MEHTE L& VBB U TR B L N AT I E TR RIEBD ik -
BE L & Wl 260 ~ 280 cal geUO; THY, T DX NSRREMEMEIOWIE L2 EL 37
ARTH -7, 37, BRBEOREIRBERAO L OSE T L0 AERS, NSRR £
PR ORIRIRE L ERIL D TH - 1, '
@ WHEHOKEIHLNSRREROHERLERELDTH -1,
%%&LTEE&%&%@V»::vAWEGMHﬁivﬁNU#%ﬂ®$§ﬂ&%ﬁ®m
BHEL VLB HOTHHEVESLL ). A%k, ChE TORMENLEEATEMORAET
WERMOREETIEE b, BHEZBREITITETH %,
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Table 2.3.1 Characteristics of GE Fuel Rods

Type of fuel rods tested

cc GE standard type(8x8) fuel rod
De Zr lined fuel rod
pe 2 Cu barrier fuel rod
Cladding material Ir-2
Fuel pellets
Envrichment 0% U-235
Density 85% T.D.
Geometry
Dimension
Pellet G,D. 10,57 mm
Cladding 0.D, 12.52 mm
Cladding wall thikness 0,86 mm
Gap width 0.115 mm

Zr-Tiner thickness ~10 % of wall thickness
Cu-barrier thickness ~0.01 mm

Top End Fitting Bottom End Fitting
NI o
PG .
Iry Spacer Spring Holder SST Disk Peliet SST Disk .
Spring Iron Slug Cladding

Fig. 2.3.1 GE fuel element
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Energy Deposition (cal/g-U05)

Fig. 2.3.4 Energy deposition vs. average water column
velocity and max. capsule pressure

O
=
2 20}
b ® NSRR STD FUEL ROD PY
bt
~ © GE FUEL ROD
'; ,-\10 B |
[
C P o
3& a .
5, 0 b & P ] 1 i »
-l
8 20t .
-
g ’Q * b
E"g-lo -
3~ °
M ¢
% u&__lg ]
§ e 1 —
= 0 300 400 500
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Test No.
(Fuel Type)

501-2
(cc)

Photo. 2.3.1 Post-test photographs

Energy
Denosition

(cal/g.U02)

159

of GE-STD fuel rods
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Test No. Energy
(Fuel Type) ~ - Deposition
' (cal/g.uo2)

RIS

Photo. 2.3.2 Post-test photographs of Zr-lined fuel rod
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Enerqgy

Test No. A
(Fuel Type) Deposition
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2.4  REEMERER

241 Bk#kER

(KPE B8, Ak HR, &6 &, LT =)

1L EEBHM

NSRR 2B s Ot H R OB A3, Fig, 2. 4 1iemd L Hic, 2F3idiEE—
BHTHBHOD, TOETFHEHicHOE— s BB Y LN b, CABUES 05 mm)ic k- T#
OHRAE— 7 2RELEREBTOERETHY, HAY—~ 2053850 EBRER T
A, MORKBHOBHEEHRIENE -7 DABICL > TREEBINL LBER SN,
BIKIF BB O S B DR B HRIAWR B THA LAABEOOT, EFE TORKEEBHEEE)
% & D ERENSH CHIB G 50T, BEIMALY — 2 2R EL LS/ TERETH D LELS
5o Cdfilck »THiIY — 7 ABET A HER, CAHORO MM FESOBEMRHSEDL {,
T D HPREEBMRE OB EHO L » & 1T HEEBHEE (26%) <Ly P EESHZ 20
IR ERRE A RICEEL, AR WTH Y- v 2RETEX LI, 58
i OEBBR AR TR © - 7 DMV EEORKBRIBIREHEB 3 LE2HME L
T 4 O RABEEBR AT - 1o,

2. EBREMH

FTRERANF AV IRAERBLEBKBRTHS, BHBEIZH 150 cal g+ UO,, B LT 200cal
/g U0y & L, TNFHORBBICE T, (1) BKEHH 70 ~ 80 vol % &(2) Bk 30
~40vol % & THE 2EIDEREITH - 72,

B LB RS HRESHEERBETHD, ToHHmERSHIIFg. 2 4 2iThdL
0 BEFHEBOBTICELEENE - BROOSNZ5DD, Fig. 2 4 1 ICRLAEEE
Eapkll & b, BIEH -S4 LS 259,

3 EERHER

SEOEROHERE, Table2 4 1 ICEEHTRT, METHOAB LI, WBHAE— 2
DI VIEE DB RKERDORIBEESIZRBAKBOSDICRRBEALSERESKT, T& L THRRESE
BOEDITE - TH XA SR EPEOhTE -, THHE, BIESHREH 200 cal g UO:
D 2EOEBETH, RKED 40 Z(Test No. 402 — 29) LD EHAS, 70 % (Test No. 402
—30) LBVEELLE G, BREATREY FR T ALATIKER N —X FTHIEL, TOE,
BHRESIEET) VA DRENA OGN, —F, BREBERK 150 cal g+ U0, @ 2 BIOEETII,
Bigov—- AP EZE LY (Test No, 402 — 2T ) BWHEICE S -72H (Test No. 402—28) L
foo MERD EISHG, BASVRZRE LI - 1, BEEOBEEOFKES Photo. 24.1 1T
TR, BRBBAEK 200 cal g+ U0, OB ARWHEBEIAB L, BE~L v b OAEIBHIK
hICN FIRTHREL TOADRH LT, 150cal g-U0, D&, BEBEHEOKRH 3L
LTHVELODRETH 7, BIRULEBATHEHEAS/ NS, BHOABYRIWEENK
Ri:fvTuic, 738, FMiIcTable2 4 1 2R 5 &, BABMEL 200 cal g+ U, © 2ERIT, B
KEHEWIHE (Test No. 402—-30) DK AL DEVREAR (159 cal g*UO) THIHL TH Y,
RKBOZLHHSPICHEELZVWVECEEERIZL T 201 H 54, TOEIR, 17cal g-
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UO, L2 NEBRE (i3S, PR T LRFANV, LD/ T, SBOF— % DERA
FoTHESTLTFETH S,

Fig. 2. 4. 3 IKBHBICHEE S BB EIKBDE/ /S A 20 E— 7 [l & BHER OB SRR & 0%
R RRICEAEORBRERL Ebic, CATICE>TWBA L —27 2RO F-IB4 D EEREE
RHUETrd, AL SHBHOHETEESS OSSR, TR EAERE LT
EWbh L, THbbL, FIBTHEALLICEE N~ R IR T 7 L~ OB
EAENL, —HBRA- X MRICREVEA S VRABREELTV AL LM 5,

Fig, 2. 4 4 ICHIGROBMEALE (SBRBEBEOTHR 7L+ A CRIE) LEBEEEOREL
Fto ARICH, SEOEBRMERLEE bIT, CABHEEROER LB LTRT. ARICHSL
T, GBA-Z FOBE, AEBOSRG, CAEMEEB0R R LHHERO B TEELSS
SEREEVBEANETHETACEERL TS, ZHEEE FRE L ABEEOHTFRED
FLic L2 6D LMK TE 5 RRTH B, —HEE~—Z b LS 2 MoERTE, BEA
ERREAEEAL TRV EbDOLE, BEEBEIABLTED, HEME L BIEME
ETREAB-BLTOROIEBHOATH B, B, BRPTER -2 I 1,000 S
LOEVAHMNELT LCO2EBRESRSNLN, TOFEELRARMOBETHE, £
INFTOWMBPHAC -7 OEEBAOEBRERTL, RERKZEOBEDAZOBEINES
KASNTO S, T L}, BRBKERMFOBEHICR, ER/— 2 P BOBEINEDS, RIEL
B (TH7 L o8 CBEER (Fv v 78) & CRABREDEARE > THWELEETBLT
W5, BORKERICST ZBMBNEOREEIC VT, 4%SSKBRNENZ 248052 &
ZLTWVA,
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2.5 SRR

261 #BEALFY v

(B B, S #E, & B2R)

) # #

BRI B0 ClEibhdesk LMEAHER TS &, BRL 8B RE T OBRE THEM, Fi
FEE L - BT 2 e EAON D, AR, 2oL H)WARC OV TOEBRMME =5
L LEAMELTVS, AARTE, ABBHESBEZRKHB T YVABR T EREDE
s, #0%, KLEE2EEi s OKOEENBERMBRESIC RS TRE BRME e
B & oiic oo TN,

(2) EBHHE

Fig. 2 5. 1 iR &9, ARBHAZTERIO T v =7 2BERTHBBR LKA L TYv
RIBB AT~ 720 $7o, BB UETLABE S ML 72 B8 OB8 % H~ 5 foob TR T ATk
VAL S E AR

(3) EBRERE

Test No. 104— 1%, KEBR ) — ZERicET BB ORMBEREZBRTH L PN 270
Mwe s THEH L 7B 0 7 @as8 2 HE L 72458, Table 2 5 1 IKRT XS ICHABRBEORBE
13945 4.16 cal g2 UOz, Mwes TH 5B T L0512, _

Test No. 104—2 Tid, FEERH 80 cal g U0, THEABARSYE, FHEKBHTHL
S ORKEBME A ERTH D,

~L oy B LUEDERAEOKEBEE $Photo 2 5 1ICRT L DCHEMLTERL, HFLAN
Vvhﬁi@ﬁﬁ%ﬁ*¢?ﬂﬁménfwtomﬁm®ﬁ%uﬁﬁ%ﬁéﬁﬁb§%w6nt
B, EFICHOEFILRE-TVBEbDbH -7, EFICHMORIFIE, SRBABERTRONIN
T e, BRRTH-71. £/, Photo. 25 1LICROSNDL L DI, o fo g LR O#
BEEAMLTV S, LOBSR T U 2O DBEETEOOT, BREAUO, BERLT L+
LBICBE L TERBICHE LR -7 b0 EEDbN D,

Test No. 104—3{%, Test No. 1032 &EUREMEK 380 cal g- U0, THHEZFHE
B% BREEMSELERTH L, BHEOBEORIIZ, Photo. 252 LRT L DK
HELH - THEBEBRELTVAE Db EH - HFEA OB LRHEL LUBRIICEE L T
Wi, MR SER & ORI, BMEBASN LD BERREST I LSTE, IS LERO
i R I AR OB BB AL B S NI h o e CDE DI, BREEBE ORISR I
HDOTH .

PLE2 >DERDLBEOFEMBOBHICOVTELTCAHS L, HEO—MBPHER R TR
ftd 208, KEMEMO LM -TENL, KREBMTLLHTLTELDOEEDNDL, 58K, &
BB AL (LS4 TRRAMED AT AN TETH B,
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Table 2.5 1 Result of Energy Deposition Calibration

Reactor Power Nuclide Result of 7 ray measurement

{(MW=-5) cal g, UO; cal’g. UQz MW=-S

j ' Zr'5 (0724 MeV) 131.15 4.86
: 27.0 SUR S o : :

LA rs06 Mev Y [ T g3 et 3.46

Average 112.30 4.16

!
GRN
@ﬁ\ = —1
o o™ :
i 1% #m
- \'7': /
- :@
Test No.104-1 Test No.104-2 = ' 'Test No.104-3
Fig. 251 MK AN L5y v ERAT v
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1oam

Fuel Fragments

Photo 2.5.1 Post-test appearance of Test No. 104-2 fuel
(380 cal/g+U05)




Melted Fuel

Fuel Fragments

Steel Plate
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Photo 2.5.2 Post-test appearance of Test No. 104-3 fuel
(380 cal/g-U0y)
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3. Atk EBREHE

SELCHBELS 7R EBEHE L, HARERBEKRT L, X, RREAV-7%
TR L BREHBICA - Td. L -T, KELIBOERE, AREEAN 7 er8LUARRE
N—THEBAWERSDLE LTHD, KRAEA 7€V ER 0N 2 -9 FEBRS, I EHT
LTEBLTO L TETSH 5o .

SEREED 7 VvERE LTI FEL TV 501}, BWR 8L U PWR O/ « BEEHT
DRI-—EVITERTHD, RBEL 180cal g+ UO: LT 230 cal g*UO, & LTHIAL F0
EATORRBTOREHERNIEBRET . X, KRRV TRRELTE, 4 ¥4
TOLEREERB L LU IRERBEFELTL 5,

KEFAT LV ERCEERE LT, BE Y5 A -5 L LTRAT ¥ L ASBERBER, &
BTI AT TOF vy FHRNT A — s EBEG| EFRETY, T4, FolicBERREEZER
BUARIEEMBREERAERT S, B 54— s HBE L TR, B 77 —AEHFFO
BERERERD, X5IT, N SRHEBERG BETREREHEGT S5, T, Kia#e
HERE LT, BERH D C— 2 202 5 0 IBE RS EERR U0, <Ly b ELUEEEZHOT,
WHELIVEESROIFMABLITO L BIT, 7Ly T4 /BB LISRABERS
BT B FETH 5o |
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A1 4, EfEE  NSRREBRFo/ L2 L~ ke | (19754 10 I~ 1976 &F
3H)” JAERI-M 6635 (1976)

A—2 A, EXHEE : NSRREB7o /LR« LFE— k2 (1976 F 4 H~ 1976 4
6 H) " JAERI —M 6790 (1976)

A—3 RICELRAMREE M : “NSRRER7 o /LR« Lf—F « 3 (1976 T~

. 1976 £ 12 A)”, JAERT —M 7051 ( 1977)

A—4 FUSEZSWHEZ, fi : “ NSRRER7o/ Lz« Lli—be 4 (19774 1A~
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A—7 RICELRLWEE M : “NSRRERZo /LR« -+« 7 (197847 H~
1978 4% 12 A)”, JAERI —M 8259 ( 1979)

#Ofth, NSRR EEFHEREH (1) ~ (37)

B REERICETSFENL - LKi— b, 2R BRSBTS

B —1 M.Ishikawa,et al. : * Some Experiences and Plans on Reactor Safety
Research by NSRR”, Ist US.Japan Seminar
_ on Fast Pulse Reactors, Tokai,Japan (1976) .
B — 2 M.Ishikawa ;: * First Progress Report of the Nuclear Sofiy Research Reactor
(NSRR ) Experiments”, 4th
LWR Safety Information Meeting, Washington . (1976)
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18 A NSRRIFOHE

{1) NSRR DO#hE

NSRRIC & 2 BEHBIHER T2, BLBRIREHC L X ROE VT E 45450 10k - T,
EBROFEFFICB Y 2USEEHEOR L CBENETEZEE L - REREAET L, HRBRE
THEEESLHEL6DTHL, COCERBROBKLLBNSRRIE, S0 v 2% H T 5 TR-
IGABRRFHICER T ODMEAEZER L CHBAEMA L BPHTF L2 TH S, HV¥EFig,
A—1ITRgEHic, KEIMEFTEAA I VT« 7= BIOFETH D, FLhid7—LERIC
MELTEYD, FOBEOBAIR 77— Ko BREBERICE - TITH,.

HE RN, EBAN 7 vd b0 i — 7 HicEE L Th R0 ERTLICIEAT 5,

KRG, FOPRABBEL, 77— OHETY FRICHEE L C7— v EOKE F TH:
BETHL, COH>3HL0 | REFEHEEE, hhdr vy PEEELIES, 47+ T
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Table A~1 Characteristics of NSRR

(1) Reactor Type; . Modified TRIGA-ACPR {Annular Core Pulse
Reactor)

(2) Reactor Vessel; 3.6m(wide)>‘4.5m(long)x 9™(deep) open pool

(3) Fuel;

Fuel type 12 wto J-ZrH fuel
Fuel enrichment- 20 wt% U-235
Clad material Stainless steel

‘ Fuel diameter 3.56 cm

‘ Clad dizmeter 3,76 cm O.D.
Length of fuel section 38 cm
Number of fuel rods 157 (including 8 fuel-followered

_ control rods)
Equivalent core diameter 62 cm

(4) Control Rods;

Number 8 {including 2 safety rods)
Type Fuel followered type
Poison material Natural BaC

Rod drive Rack and pinion drive

(5) Transient Rods;

Number > fast transient rods and
1 adjustable transient rod

Type Air rollowered type

Poison material 92% enriched B4C

Rod drive ' Fast : Pneumatic

Adjustable: Rack and pinion
& pneumatic

(6) Core Performance;

a) Steady state operation

Steady state power 300 kW
b) Pulse operation
Max. peak power 21,100 Mw
Max. burst energy 117 MW-sec
Max. reactivity insertion 3.4% sk (84.67)
Min. period 1. 13 msec
Pulse width 1.4 msec (1/2 peak power)
Neutron life time 30 msec

(7) Experiment Tube;
Inside diameter 22 cm
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Fig. A-1 General arrangement of NSRR
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Off-set Loading Tube Direction
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+
®
®
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Fig. A-2 Operational core configuration
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Fig. A-5 Radial thermal neutron flux distribution
in the core and capsule
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