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Semiannual Progress Report on the N5ER
Experiments (11)
(July, 1980 to December, 1980)

Reactivity Accident Laboratory
and NSRR Operation Section
Division of Reactor Safety, Tokal Research
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(Received September 24, 1981)

Fuel behavior studies in simulated reactivity initiated accident (RIA)
conditions have been performed by utilizing Nuclear Safety Research Reactor
(NSRR) since October, 1975,

This report describes the results obtained from July, 1980 to December,
1980, A total of 33 tests were carried out during this period; those are
10 standard fuel rod tests (5 scoping tests, 2 low enriched 2 high energy
deposition tests and 1 fuel rod restraint effect test), 6 fuel design
parameter tests (2 pre-pressurized rod tests, 1 stainless steel clad fuel
rod test and 3 gap gas composition parameter tests), 2 cooling condition
parameter tests {2 forced convection tests), 6 defected fuel rod tests (4
waterlogged fuel rod tests and 2 fretting corroded fuel rod tests), 2 fuel
behavior observation tests, 2 high temperature high pressure capsule tests,

1 water loop test and 4 miscellanecus tests.

Keywords: Fuel Failure, Reactivity Initiated Accident, Fuel behavior,
Pre-pressurized Fuel Rod, Ballooning, Forced Convection,
Fuel Behavior Observation Capsule, Slow Motion Film, High
Temperature High Pressure Capsule, Water Loop Test, NSRR
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Summary of the progress in this period

(M. Ishikawa, T. Hoshi and T. Ishii)

This report summarizes the progresses and the major results of the
NSRR experiments conducted during a semianual period from July to December,
1980. A total of 33 tests were performed in this period. Among them are
included Transient Fuel Behavior Observation Test, which was successfully
initiated in this period by taking movie films, High Temperature High
Capsule Test and also Water Loop Test.

As for standard Fuel Rod Tests, 4 Scoping Tests, 2 Low Enriched Ends
Pellets Tests, 3 High Energy Deposition tests and 1 Fuel Rod Restraint
Effects Tests were conducted. In the Scoping Tests, the outputs from the
y-chamber, which have been normally used for determining the energy
deposition in a test fuel rod by multiplying a certain convertion factor
obtained from the chemical analysis of fission products in a posttest fuel
rod, were checked since the y-chamber outputs had been recently suspected
to be lower. As a result, the outputs were found to have been lower than
that in the older tests, judging from the maximum cladding temperatures
reached and the posttest fuel rod appearances. The Low Enriched End Pellets
Tests were conducted to study the effects of the power peaking at the both
ends of the test fuel stack by replacing the 10% enriched pellets in the
standard fuel rod by natural uranium oxide pellets at the both ends. The
test results showed that no significant difference was observed in the
general fuel rod behavior although larger amount of axial fuel stack
elongation was evident because the restraint force by the fuel-cladding
contact decreased at the both ends of the fuel stack. In the High Energy
Deposition Test, the effect of the subcooling of coolant water on the
mechanical energy generated by fragmented fuel-water interaction was studied.
According to the test results, subcooling of approximately 40°C gives the
maximum nuclear-to-mechanical energy conversion ratio. It was found in the
Fuel Rod Restraint Effects Test that a PWR-type spacer grid which supported
the test fuel rod in an active region did not affect the significant rod
behavior in comparison with the conventional supporting method in which
only a bottom end of the fuel rod is fixed and the top is perfectly free
from restraint.

For Fuel Design Parameter Tests were conducted 2 (two) Prepressurized
Fuel Rod Tests, 1 (one) Stainless Steel Clad Fuel Rod Test and 3 (three)

Gap Gas Parameter Tests. As of the Prepressurized Fuel Rod Tests, circum-
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ferential cladding temperature distributions were measured in detail and
also the time when the fragmented fuel pellet chunks slump to the balloon-
ed region in the cladding was examined. The test result showed that the
azimuthal cladding temperature variations were 10°C even at maeximum before
the initiation of the ballooning, and then the variation was 70°C at the
time of the rod burst with a diametral increase of 140%. As a result of
the measurement for the time of the pellet chunks slumping by using a
L.V.D.T. (Linear Variable Differential Transformer) to measure a transient
 fuel stack length, no sudden decrease of the fuel stack length was
obserable during the transient although the cladding was ballcconed

by 73% at maximum. A total of 8 (eight) Stainless Steel Clad Fuel Rod
Tests had been already completed, and the threshold energy deposition for
the generation of the mechanical energy due to fuel fragmentation was
examined in this period by an irradiation at an energy deposition of 333
cal/g-UOZ. No significant mechanical energy was generated, although partial
fuel fragmentation occurred. The effect of xenon filled gas was studied in
the wide range of energy depositions of 176, 200 and 220 cal/g.U0,, in
comparison with the results of helium gas filled in a test fuel rod. As
concerned with the energy depositions examined in this period, it was found
that the maximum cladding temperatures were higher by 200-300°C for xenon
gas, because of the difference in the thermal conductivity of the filled
gasses.

In the Cooling Condition Parameter Tests, a small circulation loop of
coolant water was installed in an atmospheric water capsule to get the
coolant flow of 1.3-1.8 m/sec with coolant water temperatures of 60 and °
80°C, however, no satisfactory data were obtained because of the malfunction-
ing of the pump during the test.

For the Defected Fuel Rod Tests were conducted 4 (four) Waterlogged
Fuel Rod Tests and 2 (two) Fretting Corroded Fuel Rod Tests. The transient
pressure in the gap region between fuel pellets and cladding was mainly
measured in the Waterlogged Fuel Rod tests, since the pressure behavior is
important to understand the fuel rod failure mechanism. The measurement
results showed that the pressure was not uniform even within a fuel-cladding
gap region since the pressure increase is too rapid in the waterlogged fuel
rod to establish an equilibrium in pressure. It was also found that the
pressure increase in the lower plenum region was extremely low because of
the large thermal expansion of the fuel at the both ends of the fuel stack

due to the power peaking at the both ends. The effect of the defects
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induced artificially to simulate the fretting corrosion defects was studied
in the Fretting Correded Fuel Rod Tests. In this period, the high energy
deposition test and pre-pressurized fuel rod test were conducted, respectively,
comparing the test results with those in non-defected fuel rod tests.

Beside those mentioned above, 1 (one) Fuel Failure Propagation Test,

1 (one) Fuel Melt-down Test and 2 (two) Plutonium—Uranium Mixed Oxide Fuel
Pre-tests were performed using an atmospheric pressure capsule.

The Fuel Behavior Observation Tests highlight the experiments conduct-
ed in this period. The transient behavior of the rapidly heated up fuel
rod was successfully observed directly by high-speed optical cinematographies.
The effort has been made in last three years to develop an optical photo-
graphing system usable even in the circumstance of high radiation exposure,
and the 2 (two) in-pile tests were initiated in this perioed, with energy
depositions of approximately 270 and 300 cal/g-UOz, respectively. The
generation of Cerenkov glow by the pulse power, a series of fuel rod be-
haviors from heatup to cooling, appearance of boiling of coolant water
adjucent to the test fuel rod, fuel rod failure and so on were observed
clearly in a color movie, which provided valuable data to the study of the
fuel rod behavier.

In the High Temperature High Pressure Capsule Tests, an energy depo-
sition of 270 cal/g-UO2 was examined to learn the fuel rod failure thresholds
under the temperature/pressure conditions of PWR's and BWR's. 1In both case,
the rod failed. Predominantly longitudinal cracks were induced in the
cladding, whereas the circumferential cracks were preferable under the
atmospheric pressure condition. However, the cracks were brittle in nature
in both cases, and the failure threshold energy was found to be almost the
same for the both,

In the Water Loop Test, a pressure of 1.1 MPa, a temperature of 100°C
and a flow velocity of 4 m/sec were chosen as an initial ccolant conditiom.
As a result of an irradiation at 276 cal/g-UOz, the maximum cladding tempera-
ture attained was as low as 800°C, and the fuel rod did not fail. Therefore,
the effect of the coolant flow can be said to be much great for the rod
failure, since the maximum cladding temperature is above 1700°C and the
rod fails in the stagnant water/atmospheric pressure condition with the
same energy deposition.

As mentioned above, a total of 33 tests were conducted in this period,
which makes 479 numbers of grand total tests since the first tests in
October, 1975. The classification and the number of the tests are presented
in the following table.

(7)
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Table Classification and Number of NSRR

Experiments (Oct. '"75 ~ Dec. '80)

Number of Tests

Test Item Oct,'75 Jul."80
AvJun, '80 [ ~wDece.'80 Total
1. Standard Fuel Rod Tests
(i) Scoping tests 49 9 58
{(ii) Fuel centerline temperature 3 0 3
measurements
(i) Fuel elongation measurements 17 17
(iv) Rod supporting effect tests 12 1 13
2. Fuel Design Parameter Tests
(i) Gap width parameter tests 17 0 17
(ii) Enrichment tests 17 0 17
(ifi) Pre-pressurized fuel tests 43 2 45
{(iv) Cladding parameter tests 30 1 31
(v) Gap gas composition parameter 13 3 16
tests
(vi) Others 20 0 20
3. Coolant Condition Parameter Tests
(i) Coolant temperature parameter 19 0 19
tests
(ii) Flow area simulation tests 22 22
(#ii) Rod bundle tests 11 11
(iv) Forced convection tests 14 16
4. USNRC Fuel Rod Tests 21 0 21
5. Defective Fuel Rod Tests
(i) Waterlogged fuel rod tests 75 & 79
(iiy Fretting corroded fuel rod tests 21 23
6. Fuel behavior Observation Tests 0 2 2
7. High Temperature High Pressure
7 2 9
Capsule Tests
8, Water Loop Tests 4 1 5
9, Miscellaneous Tests 31 4 35
Total 446 33 479
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EBRERERELTNT LD DD B,

BEBEODLEE (BA5E) KEHTHELABEEEREEORRME (Table 21.2
CENTT.C.#2.#4)TDONTH, BERIBBEERGEREETLE, Fig. 213
OB AEB, Test No.207—11 OERD, LPEBOEZRT D, Test No.207-12
TERERIRB R L BT b,

i ~=ve b REEBHOBERFELDNT

BBEOBSMUEREBC DWW, AHEEEUANBECHERD, BEEANBRERLE
Lawl Edbdhotz, (Fig.21.5)

LaLAadit, ~<v., bOBECELTHE, Fig.21L4 00b20RCERSER
(Test No.207—-12, 258 cal /g-UQ ) THEMEBANAEECHUEXELEIR
ﬁﬁ®ﬁU%KﬁNX%<,ﬁﬂ@#vwfﬁﬁ%(¥v97@0ﬂmﬂ%ﬁ%kﬁ@N
Vo POEFEEBENERET ANABROBEOTHELETTI LYo, FEERY
BO vy, F OBRMEHRTFHBEH L THAED SEAOH, v, b EEEEOERI
LAPCI (Pellet-Cladding Interaction)C XDV y MMCORHEITLLE D
EEZLNTWSE (A-T7) o o THRERBEERBEO V. P OHFENRKEND
M, TEmAEEBHE~V ., P THY, M~ v .y P HBCHTAEPCIOMEIN NI (AR
O THD, dk, BELEy» 7OBRCHADANNACHEE Vv » P EHOPC 1
DHWENOLEPCIOWEAC ELLEELKENILEEFRT EHEL LN L,

FigZ&?JNg.m&ﬂﬁ%%ﬁﬁﬁﬁ@ﬁ?%b,FigZ&ﬁJﬁg.MB
d~vy t CHBEORIOREEZHNAIOTD b,

Test No.207-12 Til, #HEEREREVEEHELT L HAFHEBAT FRLBLTHLES
Chhrbbs, BEEREEET v, rOBUIGNESET ELBEACELNWTEBEC
BUbBEEETL A, <Ly b EBEROBOHUABBTRDTC LD, Test
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No.207—12 (R#E 258cal/g-U0Q,) TEPCIDEEFRENWT LDbholk,
HEzet b,
1) HEERAEECHL T, ARERREEARE- FREBEEDRICERND S
L7,
2) =v, POBFRERERGEANBEOLSSEEAMRBEL DI RENDE, BEE
ODHUFEK2NTHBETEEDL L Z W,

213 SRZEAR
| (RHER, HAME 2 B
() LB
ChETOBRBEEROBER, #380cal /g U0 LU LEORBRETIERENZEN S AR
HaEAHWAEED (BRzFx v ¥-) ORAHBBOOLN A, ThOoBKL A v ¥ -ORE
EBERECER O RECOBRIFCHAMAPCHREINABRKEKEOBEERACL DRE
T LRGELEREEZEL LA TWD, LALINETOERTHABBEBRIAELZTREST H 2
e r NOKBEBSCENEHCEL CHLHABALZINTnE N, TTTHECETAT
OITHMERTERL, 7t A+ NOAMESH L »EF LRI T L, BRI V&1L
AU ERTABFRETDLEFMECEAZ LT HELNTC L, 5HEEECFRTORI
EBMFEOERMRBER CRETLEB A o ¥ —FFML 2, TABRBOBNTFL-EHRE
NERETHEANACT 7 7 - BEOCERTCOATIREL 2,
(2)  ERFE
KOZEEBEHOALCT LD, REFBLTHWARFCEN, KEOHFE T (EZE116mm)
TR, EBAS—HRABCEATFER Tk 32V 77 - VEOERBERE T L AOBHK
B 65C.75C,.85C& L, RBEEFNFEN528cal/g U0, 529¢2£/gU0, . 518cal
/g U0, £L#%& (Test No.111-26, 27. 25),
(3) FEERFERLEH
(1) #ebh=F o % — FAH |
BT s o ¥—OREDZ ChITOFRERD» 7t v NEHNL, (WKAOCEH =
FAF—, OH - ARDEMCLIET 20— (BB v &~ LFLE), 31K
BOBzArF—, WH 7 LtrQBEZFLF-—D4D9ELOLNSL, LHL, 3, WO
LSBT AV ¥~ CEDLE AN LUTTHVERL 95, TITHEZRT S - TH
Mrxr¥—FHMETAE BHEcxLr¥—E, HRATELLN L,

(POVD_PV) (1)

E, = —Mv’ +
-2 r—1

EVIFEAROEE AL F—TH 0, F2HE Y A~ HVACEMHz A+ ¥F-THb, &
CTMEREY KBOEE viXARO EREE, s REBRMK P, .V,.P.V dEIN
EFNEMABRO < —H2ENEECBRERT,
BABCIDBIRA ALY —DLBRFA v ¥F—~OREEE yLRATHEbE L,
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n = E_ /E, 2)

CCTEtH%Wl%»%—%ﬁﬁbﬁ%%ifﬁ%ﬂﬁ%%ibkﬁi$»%—T@éo
CHETOERERARERORBRI BB F A+ ¥ —ZFMLFig. 2110 KmRT, #
A ¥—(L380callg U0, MEORBETRET S, T4+ F-BRELRERE
OEEME s TaAKCEAL., 530cal g U0, THEAM1 $ICETLH, TNHBLALE
##E I SPERT—CDC OfE#LBIT—%H L4, SPERT-CDC & NSRRE THREE
BEHFAEALL DL T, =X nFE—EEEHNTIT R 2O U0, H, O ki
T—HLTwhirdEELLNL,

dh T —NEQOEBTI A ¥ —EBRE~OEBFFig. 2111 LRY, ¥77 -
AEAOCE 25 COERTIE, 75 COREERCH~NERENBNT L, T77—
WL 5 CTHRBEREORT RO SN, 72— ArEDRTLENAKDOHREE TICE
Fhr AR —OENEFBRLSTLL S0 BT, O E T A LN A0
Eig¢¢12K%bﬁC&<,%ﬂ@%ﬁ%%ﬁ#ﬁﬂ—wg®ﬁ&mﬁﬁmm%én
EHREBENEFTLrADLTHENIEELLNLL,

Bttt 7 —AEQEBLOWTEHRE IO CERERLLFE TS b
i)y #7272 —rEOER

BRI RAET L L L LN AHREANR Fig. 2113 KRT LY T 7w
EAHAI (T L LHETEOHEGES LN EAEE S THAL . COBRLBERISE
CORBERY T I A EOEET 2RI T 350~370cal/g U0, THHTLEELE
b@ét,@%Eﬁ@%iﬁ@ﬁﬁ@ﬁ%®%ﬂmﬁﬁﬁbfﬁ<ﬁﬁbﬁ%ﬂ&%ﬂﬂ
COMEWRE (FCIL) 83FE5LTWnaLEZLDN S,

WL ABEOBE FEFig. 2112 ERLAZEL YT 7 -2 EEATL(THL
WﬁéﬁéoCﬂm%ﬁﬁﬁ%m®;ﬁ:fAﬁﬁm®¥t%<ﬁ#quméC&%%
TEDOTH 5,

2. 1.4 BEBEXFEEHEAR
(B B LWFEME EEHF, ENEE)

(n B 2

BEBEOESEY BET A L BEE - WERCHTARBBOERIMRINLDOICHRME
Dn Rk m Y, R BELEAEAE AL AESL kol ) Lol EFE
BrEz b, BEEER—37 ), FICLDRFIN TV EADTCHRHNEOHE S BFRRE
trrt FROBAEARETHERELHLBE NSO TS D, TTT, LHARNAAREHET
TOBRBSEE T B L ADC, BETETEEL, REBLBEEX -7 7) » VTIXRHTL
BB ARG TRE ERT T 7.

() EERAE
Figli14K%?L?K%ﬁ%%T%TiﬁﬁKi@@ﬁb,¢ﬁ%TPWR@3&—

v 70y FIELDXEH L7,
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(3) EEHZE

RBE 254c2f/g-U0, TERHALALER REEHBLA, HECBELRABTECT W
BEC2 79 7BREL Tink, RX—F 27y FRENBELEEET L L, BEBOARIL,
AR—F )y FEROINTZ2CLECIAREEERT IO ARBNARALERINS, X R
BEOHIIH06mm TRBET ok, AX—¥ 27V Vi, BEETFig. 2114
TTLOWK, WRAT) >/ T28H, T4 v 7 A+ T28FFOAST4ETRERICL HRF
ThHRDCHBFARENLZ4~6 kg BETH ). ARBEOHHETrTFECHETEEREND
OTit A v, BEESNBERICR -3 7)Y 5 FERAADIC, A X—%7 1)y FTL5T
MODBRELAARLLETEAD R IODEEL S,
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Table 2.1.2 Maximum Cladding Surface Temperature, Quenching

Temperature and Film Boiling Duration

Test No. 207-11 207-12
Energy
Deposition 162 258
(Cal/g-UOz)
Max. Clad. Max. Clad.
T/C Surface Quench. F.B.D | Surface Q;Z;Ch' F.B.D
Position Temp. Tenmp. Temp. P
(°C) (°C) (sec) (°c) (°C) (sec)
#1 925 - - - - -
#2 843 - - 1653 826 8.5
#3 871 - - 1582 716 10.5
{4 806 - - 1632 827 9.0
#5 834 - - - - -
f#6 513 - - - - -
Post Test » No failure. * Broken into two pieces.
Observation + Partial oxidation. + Oxidation in whole active
region.

Table 2,1.3 Pellet Elongation and Cladding Elongation

Energy Pellet Cladding
Test No. Deposition Elongation Elongation
(Cal/g-UOz) (mm) (mm)
207-11 162 1.6 0.7
207-12 258 3.4 2.0
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2000 Test No. 207-12
'8
o
1500 (o7
O
o o
o °9
1000~
0
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o
500 —
Test No. 207-11
©
0k i ] { 1 | i
1¢0 200 300 (calsg -UO,)
Energy Deposition
Fig. 2.1.3 Max. Cladding Surface Temperature at Axial

Midplane
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S.OT
x
O STD fuel rod
40 X Vergy wide gapped fuel rod Test No. 207-12
E — Calculation by MATPRO data : El/
=
= x
= 30 X
o
et
5o
=
2
s 20 /Test No. 207-11
% o
&
= o o o
1.0 — o o]
O (]
o]
0 o1 o I L | t |
0 100 200 300
Energy Deposition (calsg-U0,)
Fig., 2.1.4 Maximum Pellet Elongation as a Function
of Energy Deposition
3.0r
g
g Test No. 207-12
~ (e} STD fuel rod
c 20— o o
s —= Calculation by MATPRO data 0
=
ot o}
=
L=}
o 1.0
R QJ/Test No. 207-11
© o
= §o
0 ool % | ? | I ]
0 1GO 200 300
Energy Deposition (cal/g-U0,)
Fig. 2 1.5 Maximum Cladding Elongation as a Function

of Energy Deposition
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Fig.21.12 Effects of coolant subcooling on fragmented particle
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Test fuel rod
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Active fuel region
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Spacer grid

Spacer grid
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2.2 BMESBHASH-—TREB

2.2 1 MHEBEAR
(BEMm= UER HRER @R #

(n # =

SHEAE ML 2 RBE,

D BESAFOEEEEESFOZEE AL AOOER (Test No.23144) R,
i gEv, PEEORNELORBRFEOBBEME LD OER (Test No,

231—46)
THY, K4 1FERL %o |

BB AE AT B0, RRPROTEESDLAD, BEROELLEEEFFOL
SEOBAN L EEAFREEO—DTh b, TLT, ~REEBINTHEFELLT,
BETORSABEARIKENELAES 28 (E28) HATNEnbATnb, TORD,
EEOFERNEHTH, BEFRBREAEIERRCALEL, ELABRAREINAIOLCAZLT
BHO NS TENK - EHAETAIATRD, £ T, COLBWO BRI TRBT LD
NSRRTOMEBEEXEHAAFRNERC W, HBEETENEEOBEMNET #FMICTT -
# (Test No.231—44)

—H, EEXONSRREEHTLZMERBERCLOCATWRLE LAHAEDERICENT,
BREERK E (B HARE, M (Rof (fragmented VBB~V b7, BOREICHEN
BLT, Ra2(BOAKEADF y, 7HEFHOTLEOBEGHRL LN TELE, TLT, C
OBE <Ly OB RAEL ORER, BEEBESABENEREL R, L) BHECL-
Tind, COBRE, BLAXBAOCF,» 7HBORINTLE S D, BREAEFTOLTO
BOBEXEBTBRFTA L TEEE AT B, AL, BLATRAEAROWETREDL
Ny NOMNE LR Ao BEENT, LB AATLVFRIN, EEF@ETL -
SOEERREL Tnh, HoT, BE L, FRAORECLTOBERY vy PlTD
B AN DBENEL OBECTOMEEMAZ LHEEDOS LI L TH D, £CT, NSR
RINEHEERIC 5T, LVDT (Linear Variable Differential Transformer)
CIOBE~L y + 22y 7BI0OBRENEE T (Test No.231-46), ERAROHAL
By TLTEEBEE L, REFE 2ATELTE Y. ST OEETOTO 2T,
KEABEOLAIELLIOCOBERLEES ZNEH THT o Ko

(2) FERFEE

() EHMBEHTEE (Test No.231—44)

R MFREERCEANT, BEMERNT L&, BENO 7 4 v HRODHTOH
STOREMAERZD, RENAEORCAEEMHOBACENT I (2T b, C
Dfcds, BEOHREEETHWAERTH, BAELAZRALOCAG TOREAESG T
BT hy 0T, AEBRICHNTH, BEAHEL om OBRBHEZRAEL,
FC@EFig.221 CRTLOCRENEGET1 0EBRATT, KanELREELLIE

ETOREMNENTELZL ST L %,
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FRBTIHL, 2 (EITLRRAESHB (HER) AETOEBERESFOBEUNESL
E%&Lt%@f,ﬁR%ﬂ(ﬁﬁE4cm)@tbﬁ%@%ﬁ%ﬁ(%%ﬁl&hm)
EBTFLIELABOBTUELEATHEBELBLIDTE RV, TOMROEAL L THE,
BRBENE, 77 trREOCAEET->%. DHREBPEL L22MPa(HHKENEO
EE, MTRAL), Z2B8E202¢2l/g U0, Tk, FFHFH, EROBRTH,
BREEA100% A(ELATRERRETHIRHTS S,

(M) ~vy PEANELEEMBIEES (Test No.231-46)

BEBEHRE (BOATEDBALS vy FEKNDPHRTEL LB, RROHERTH
S5mm M ERE= 2, 7RISV EZ-THD, LVDTTHETNETABMTE2LE
THb, ZAERTH., EENSRRTHFERAINTWABLYVDTEREA TR 2y 2 RORBE
flETF -7 AL, LVDTORE FRTCLIABEENLEN (AL, ~Vv .o b EHEIC
TalFrHEESLY, PEAN LVDTRORELAFAZWLSIC LA, TOMORES
i, BREEHHYNE 1.2MPa, 288 203 calg- U0, & L%,

3 BRRUEER
) HMEBEERICHER (Test No.231-44)

BHERBBEONBEZ Fig. 222 KR,

HEZR6NAL9, BREBEIRERK1I140%5BCATREREL -, BEEBER T/C
# TORELT, BB 25 2R LEIT, 240° (Fig.221 8R) Tdotze FLE

 IOREMHMOLBCENT, AHABREABLO THLS L, RATRELRSER
#Mo00C WESTLie, ANOBRENELEILTREALALEHZRLA, BEED &
HEBEEIOOCRKETAHEDHO6BH, BRNTLI0CEETS -2, TL T, TORK
BREELANEERET L, B ACREAEAL AP, BALOBREEIRERCL - TE£4LH0
Miksd o, WERY (CrxaBEBEHLIBE SSEBEREINEENLSBE
BT, BRTHTOCOELSD k. TOEIBBEHBEA LK, BEEHO SFE
CHETRE2LABRBRBRERCEL £, BEPLLY TH 1 Omm OEBCRNMNTA 3GO
BREME, FLUBOEALEIAYEAROERDTRLZ. RALAN, BRERERLLD
BT LIEDBETRORECL TS Y, BLbArBEOL AN o-% (#H60%) THRUED
H, TROBEHECHTH o, HEABRATOREDL TRAMZETFHB00CTS
A20EHL, PLEBTHE680CTH ok, T4, BRFTLEEL L LR 10mm O4
BCERMADAZ IGOBERSOBRAD LELA2ZIQLHE(RSTEY, REWORS
BEES500~580C &0 bEL, BIAMBESELREVW, TOE—-HTH-ZDIO
bELLOOWBEBFLERLTWAE, ZNGREEHNEOERT T LOA PO TRECTE
T

AEBRTH, BELAE (REIBIRE(ELAL) ABETOREESTUREL TNE
OT, BEPLAEBLY 1 0mm FRHORBEEHIBRALTELL L, —FOLTSEHH
MTOERHIEEELD,

HEREALMBES AL, BELAOBETRRLAEEZN RN, BRRBEREIIGEE
CEL, BPLHADIOE, HBEEEISBBCAAIBAL KL THWIZELLELT,
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Result of Cladding Surface Temperature Measurements

2 laddi Burfa ] (o)
TC % ElevaLi(é)n Orienta(i(o)n Cladding Surface Temperatures (T
(mm) (degree) Maximum before Hod Burst At Burst Maximum after Rod Burst

# 1 -10 0 900C at 0.5~08 sec 810 decreased after burst
# 2 —-10 120 890 0.5~0.7 800 decreased after burst
# 3 —-1Q 240 8740 0.5~0.8 770 decreased after burst
# 4 0 0 900 0.5~0.6 530 decreased after burst
# 5 0 20 890 0.5~0.7 690 decreased after burst
# 6 4 180 900 0.5~0.7 T/C fatlure at 800C at 0.9 sec
# 7 0 270 900 0L5~0.7 T00 decreased aller burst
# 8 +10 60 580 at Burst 580 610C ut 13 sec
# 9 +10 180 540 0.2~0.5 420 decreased after burst
# 10 +10 300 500 0.4 430 520C at 165 sec

(1) from the center of the fuel stack

(77 O — degree is toward T/C #1 and T/C #4. The orientation is clockwised as viewed

From the bottom of the fuel rod.

%%ﬁ?%(@%%)ﬁébﬁbé@@%%ﬁﬁ(ﬂ@%%ﬁﬁ)K%Lﬁﬁféé&%
i%ﬂéuﬁoi,@@%ﬁﬁﬁ%%@ﬂéb,ﬁ%?éﬁﬁﬁ%ﬁ&ﬁéué@ﬁ,@
%g@@6$miofﬁﬁ4V7Ftﬁ%%%@¥v77@ﬁ%M?éﬁbfé&&%§
TED, BEQEDIC, BHANELZWEMERBECEANT, RLH200cal/g:
vo, ORBREFTRALABOBHESTREREHCONTRNE &, HBERELFRERT
BEESBRELAYIBECLAET EALED, TORSELH11I50C TDY, B
L EREEL 0 EA, LT, ZERTCEERECET LEOBESEEC, ME, Hn
FECiE e AEBELBOSN RN, BREABOEOAFELFLIBAFHTE-RTENDT,
CDENFOBROEBESBCEBSEE2LL N T L, BEBRRICEAT RATOC
DEEMEEERELADOEMANCH IO L EL bNLL, £%E, TCHLIE TT#A
BB, BERERIOOCEEEN TS0, BEBAHATITCHFI]
#810C T/C#4 TH630CE180COERELTNE, BLARLT/O#4
DFHRKENDTELACLLEBE FROEBRIHAGHTE S, TOBRANLT L L, W
%ﬁl@#7@ﬁﬁfibfhé@f,ﬁ—%é%ﬁ@@ﬁﬁﬁﬁ%ﬁk%%,@%%%
M nWTT/CHT REVE, FORMAFERSES AAHCLEBFHEINLHFERL
T/C#7 THEL Eh ot TOBERCOWTRSRECERET - THHEL TV IFTET
é%obﬂb.K%ﬁK$%T%%ﬂﬁE%ﬁ%%m,FW%%KEWT,ﬁﬁiﬁﬁﬁ
ﬁ@ﬁ%ﬁ%%%ib%umeWT@ﬁfb%Ef@ﬁ&%ﬁ&%t@ﬁ%&w&mﬁ
,ﬁfééo%bf,%%&Lfﬁﬂﬁﬂfuééﬁl40%&%6k%ﬁ@6%%%%ﬁ
LTwnd, foT, EHERCGHEKAZO THEEOMEEL L TESELERTI X2 TELL
Wi D, S% AEIOERTT- TEMEEGLLCL TN TFETS® L,

—20—
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i ~tvo FEANRELEMEIEER (Test 4 231-46)

AEBCEITE22 5, 7BROBELE(EFig. 223 TFRT, _

Hibambdl ol M2, 7 BREA#H 2om M, ZOBRKRACHDPL 155
BTEH0.15mm OREFEBEAEDSBEDOET > Th ok, B, WrZIFALCEN
Td, vy FFORNBELEFRRTARAZ » 7 ROBHABRIEED N ED T,
BREEAREL ALk, BAHTIFOELIEFRL, ~v., @Akl BREE
NTEBCBBL TWAOLAERINK, K-T, ARECHETLHEY, LYDTOER
CHESTE, ME~Vv., rOBRNELIRHE L 5 AMEZ ( B CRRBRKEICE-
AODEERTED, 4%, REBABARETLBEORRL L. XREROBH
#, LVDTOREEMETHRIL T TFETH L,

222 AF¥UvAMERBANER
- (REMm=, ML\ HRAR IE 2

1y B, =

25 L Afd, BEFBERBEH L TLBEAINTHLESRY TAL, KSAEF
FRSEEM E LTS —BCENTRERINTHE, £2T, NSRRTESU S HERFE
RN —BORIAERET-Tnh, EREAFL T, BEFABRBETRLE L MR
BHER L ASHTRBENRE LARERBBERCHST bNL, TRHDORRILCHNT,
FELCHBMERAOL & WE, BESEOLARCHBLABSCHEETLARBES L+ ¥ —
DFME B e L Tnb, $/4, RERAWEHN <5 # — 2BBRROFO—D L THERT
%ﬁﬁ%fééoﬁé.HE%HE#%%@EK&HT%@%%%C&K;of,;D%ﬁ%
ZMHEEEHOREVARLAZLLBTSZ 5,

AETH., SBF- 2 KEREEE AN ER Test % 212-9 KON TEBET b, FX
ﬁﬂ,%ﬂﬁﬁ%ﬁ(fmgmmanm)@Lémﬁ&@ﬁﬁl$»¥—%$®LQME%*
DL EEBHELAELDTHD, BEDLODIRRERL A XERHMZROMBERT T LOR
bO% Table 221 KFRT,

(2) EBRFGE :
ﬁﬁ%@,ﬂ%l&BMm@SUSNMAQEE%L,WE%&NV7FE®¥¢V7E@
EAEME L F— (CEET0095mm) KAALINCLK, &k, BRE Fv» 7 #2805
EhembratES s ERERELE—Td 5, TERIIBERIYBRA-SERL TS,
BHBE, FPAHAFKLAEAHNTORBCESWTHHINARFFHDLOYRIC L -
RO, BEFRKE, 40cal/g U0, /MV-8 THD, CHLTKDLNARRRE 10%
LHNORETHALERELON TN,

Test 4 212-9 QEBRCHN T, WEEREMEE 48 KEHEEH »7 e WHEE
R FEHOSHETFT-T, BELROAEE L &,

(3) HRRUER

Test % 212—9 [T, BRE333cal g U0, TRELAKER ABBLFig.
po4 CRLNDL SN DOHICHE (fracturing) L, —HBHFLEBD LML, B

oo
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BETRBATWASUSESEMAEETHROSEIOMETERL, MLbcmX3cm ORD
BNT i, &, BEERFBRE~v.,  O—BEARLIGHEL TERLASIOLEbLN
Bo B TFHFHAEZY Il mm BEOIONE(, HROIOH, BEH THZ (Vv bi—
BEpLAaR 7o, ThoBECHA 27 »7BCLIBAALLIOTSH DL, £k, BREAL
~bry P 1IESFOKEION vy F E—BHEBEOEELABRBI L4 9@ E S 7 2 rKHIC
HTink, ABTHN TR0, RRNEI-—BHENFELLALEVW TRV, T, BH-F
fOthEhHL ENEE, Table 221 THAHLH5K 304caf g-U0, & 333cal g-
U0, PMESBENE D, vrr e 4 BEROEBEERRBERTH. 333calg-UO, THEA

WORTHENFILEIL T, —HENFCOELLOEMN350cal g U0, THAH, T

Hi, 27> v BT 20~30cal g U0, BB FILOL ENENBE(ZLLNL S,
chif, 27> vAEOMANBH1400C Evrhr A0 1850C KH{ENT ECHEARL
TnbbDEELLNL, Hlb, vrse A BEROEBKBTHE BEFLHEL L OEBRN
BHARBELAR BRSNSV FEKEEMTLIADEFZLONTWD, KT, HBREHEEL
POy ey POFBCERILETRTERZLREV, £LT. RCEBBERESLERL, #
BEEELRACLAMERT AT - THRABESANEREL, B~V » PEHEIHT2DHT
Bb, Lirl, BNTFIPELLALEWEAETHR RAEFAOBESANIWOTHEEERRE
OEFHAL ) XEHCARL, 2F0, BEBTIBACET L0RATOABTE »BARER
B LTl hbB, TEER (Test 4 212-9) THEnT, EHLCRBBNTHWAEZ ELDY,
%é%ﬂﬁﬁ%ﬂﬁﬁﬁ&&%uf@m%ﬂ#ﬁémbtc&n+ﬁmﬁﬁfééoﬁﬁ%%
HCR T BB ORTREL REESIREL L BLh b8 (BT H03FFOESK
o THEBAEHELL) KHEANT1000C Thoke LirL, BREXMNSLLLSL AL
BEEMOBERBEE RTEHBLANWT ERFRBRCLVAELL 7 ¢+ HROKD, WER
MCHENTHMUBAEERL 1000C Fod@ncsdtRACELLNL, b (MAIULHE
D1200~1300C KA-ThASDEREING, CORE 27 v a@Bd. FMLEED
srahalblRBLTHRENCHLAEIF(AoTnb, T, X7V AHMERBTOARM,
0.40mmT, vrro A HBOERKBEBECL~TH2/3 THH, EDTELD, 2T
v A SR ABBEEO BN FIEOL A WEETEEREEL D 20~30cal /g U0, E{ %o
TbDEBETED, :
REHBL R M E—DRETCDATHNE, WENL #7 erRIERVETICLHKHEE
EEHELL-TRAELTWA, ChLOBEXHS T Figs . 225 U226 [CRT, 37K
WRELDONWT T AN, A 2RBEHEH0LSsec Thh-sTHFFHACERDVFLL N,
COEBEBIEH 200cycles/sec Thh, 27 VHEBFBRBERROS S, BRAHEIH
HLAWBROTOBCRETLIBEH T 5, -7, CORBIREEOREE L ZEBEROA
ZREAICILZIOTSH, COERBOHK, <+ 2ARHABRN02sec REHALDPCKECBE T
R EEAE LN, COR REBIERBERAL2EELLNE, BFHbOESLKED
BErmETL L, BALEEREF~03m secTHM2~3cem ERFLAZECRELE, TN
BREBERBOBRD bﬁ?ﬁbf%ﬁﬂd@&ﬂémﬁrﬂ(fc LHAMAEREZOREOROTHL LEBERT
2L, WIC, » 7t rvRAELCDOWTTH ALY, ELCRXAFTORBITCHBLAZENREORF
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ERBLAAN AEBHE (RERER) RUCThMBCIABRZENREZ R LN
iénuiwc&ib,ﬁﬁﬁ&?ﬁT%&,%ﬂ&ﬁ%ib@ﬁﬁ%ﬁ%l$w¥~u%é
Lid, BENER~NLLIOAIAAF—ORERBAED o ENLD, T, WEZ XL F
—BRAEDL ENERREAELSCHN Tl THESH OMRUFEL /2 Test 4 2124 O 416
cal/g U0, ABTHA9, — &L, 27> VABMBRERRBEL v+ 20 A HREERE R
L ABa, MEFEeMEEEOLEWER 2T Y VAEBERBBOLTAE ZAHER
MELBNLTWnb,

223 Fyop T HA- T A FER
(L ARAR IHER LKE 30
n #/; =
T TR E2RE, XRRABCELLRERER 165cal/g U0, L FEBRNHO
BHELEWED 260cal /g U0, (FREH) 250 230cal /g U0, (7 2 —n
100 HERBEL, ¥/ XU Tras%8F vy 7HAELTHRDT, £LLT
DNBEAL 2 WEL L UBEELENEMEORBE CTORBEBTCHT L ¥ v v 74 A NS
PEBEHA~NLETENELADIDTE ok, FHAILLCLIVENRERERFCHT L ¥ v
Y T HANADEEEMAETHNELT, €/ ¥ EX vy 7 HALLABHIEOWTRAR
176cal /g U0, , 200cal /g U0, 5L 220cal/g-U0, ODEHRREIT -7,
(2) EBRFE
BB CEBREEL 0 3 DEBBRHOF,, » 7 H AT ¥/ Y CERLZIOERAL 7o
E&@%ﬁﬁ@@ibﬂ%ﬂ#%ﬁm,%ﬂﬁ%ﬁ%ﬂbk%f/y%ﬁ%¢éﬁﬁﬁﬁbﬁ
LTREERNEZLC 0IMPaD €/ » A X CEE LA, BREDAKQE? 7 »ATERFH
T, BEMATEELICEHKEEONEET-%. LA TEREHFLL TH ¥
wy THRADBE S Y E Rt BUATERRBERLA T 5,
(3) EEBER
(i) #HAMREER
Figl27Kﬁﬁﬁﬁﬁﬁgﬁﬁﬁﬁﬁ%WQ%ﬁﬁﬁ(“U9A¥¥77ﬁ1)@
%%tm@LT%Tocwiﬁw,%w®%iﬁ%KM~UﬁAéf/y¥«77ﬁzﬁ
ﬁt@%ﬂﬂ%&&%ﬁ&m#,%@&@k%%@%?ﬁﬁi%ﬂﬁﬁﬂqTﬁ%wﬁm
Baatl, BEEECH200~300K ODELDWN,
FigJ28@=Eﬁﬁﬁﬁ%%ﬁﬁﬁ%ﬁ%ﬂﬂbffﬂvbb,ﬁﬁ%ﬂ&%@b
£V DTHB, Chft, thE TOERNEBALEVWELCORBETOEREAD
@&EE&LT%ﬁﬁbfyw7ﬁz®%@#iﬁ%¢ﬁW&Ebﬂk%@ﬁ,;Dmm
BRMERET Y —~ALThBE, DARDOERBND LT LHBWALTE R,
N EBHEEONE
Figjzgmﬁ%&®ﬂﬁﬁﬁﬁﬁ?o%ﬁ§17mwbklmz0%%,%ﬁ%ﬁ
TH-BREBAGEL S0, /¥ F oy FHABRETREFNCL AR EL T, #
fe, 220cal /g U0, TRHEERETHBRIBEOLEFELLLICEDLN, BFROL
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ST HBWEEORILCELT), ¢BERIRBRLTIVESE, ABRLAGCIHEBRAESD L
T EMERINK,
4y HE
SHE TOERBEREND, ¥4y 7HRAOBGEEROERT, BRHEAL § ELCORER
BT 3 VBEZCAEAY, BRALEWECOBRALEZELAWE, LALL)ENERE
Tl EBAKEAZEAD 0, ~ ) vabys »y CHBERMERBEBEC200~300T
OBAPEL A DD at, COBBELTH BRLEVWELI(ORRE CHEEMNE
HBELBRE L 5 b & BFRERREAELNL LD, KEZBERBEREIRFIN T
ZH —F, LOVEVWRERETH, BEMORE FROVPCHE SV, P EREBHDERTS
P, BEHAGSECLZ A LBEEECI VAEIENLALD, Fv o7 #H A O BARGED RN
HETEBCEBTLA-BTHA9LEL0NE, L. MLENWRERETS, B # LLRTIC
ForE8 (235-1) EAPOERETHLADRERZEDVD D, S8, F— 2 DHHEAT
DERFET-TRILEDND S
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Fuel center

40
Bott f fuel ige
phbom o © (active length) (unit mm)
fop of fuel rod

rod
-1 Qo] —ed

A—

Thetrmocouple
elevation +3 ;7 #10

H1(09
Thermocouple
Orientation
. 2
as viewed i3 g
(2407 (1207 H6{ 1807

from bottom
10mm below Fuel center 10mm above
fuel center

fuel center

Fig. 2.2.1 Thermocouple locations in Test N 231-44,

Burst Split

in Test Mo 231-44.

Test Fuel Rod after Irradiation

Fig. 2.2.2
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Fig. 2.2.3 Transient Fuel stack elongation measured by L.V.D.T

in Test No 231-46
Approximate conversion factor ! 0.8 mm/V

{(Detaild calibration was not made )
The output after 15min was meagured to be 0.19V,
therefore the fuel stack elongation was estimated
to be 0.15mm.

Fig. 2.2: 4 Test fuel after irradiation in Tesgt No 212-9
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Probable rod failure time

l

Water Column Veloceity

16,
Power burst
P
e
—
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-
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by Vibration nofflassociated with rod failure
=
O —————————————— -
28 | | I L | t | v _l
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Fig. 2.2.5 Time Histories of Water Column
Velocity in Test No212-—9
Capsule Pressure
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1.0
< Initial
o 0.0F Pressure
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= L
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-
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E i
o " vibration not associated with rod failure
_20—
v l«———noise in coincidence with power burst
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Time Histories of Capsule Pressure
in Test b 212—9

Fig. 2.2.6
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176cal/ g U0,
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Fig. 2. 2.7 Comparison of eladding surface

temperature histories hetween
those of Xe filled rods and of
He filled rods.
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1900 ¢~
O He fi1lled rods 0%
&8
¥ e filled rods © /89
15001 o o0 ®
s o8
< g g/o
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: U g
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Fig. 2.2. 8 Maximum cladding temperatures of He filled

and Xe filled test rods as a function of
enetgy deposition

Test N 235-16 (176cal g U0 ,)

Test Mo 235-15 {200cal. g -U0,)

Test No 235-14 {220cal g -UQ,)
Dngt test photographs of Xe filled test rods



JAERI-M 9755
2.3 #AYRENTA-VER

231 EEIHEER

(Bgkx K| I AK B FRAN
KEAEH T2 v AL IHOEREL — T EHERAATERBT LBREIGAEREL THE, cnET
Cs=iE, KRSEEUTTHEEMNEEL 72— L LAEREETL, REKEAHOY 727 —
AEDEBERRNLABIE, SHEMEELSm s, HHMBRECOTCHLOS 0CTREREE
190cal /g U0, ODEBREERL %2, $3id, LECIRANTEY 77 — v E, BREERE
BTTOBRBREBLEANETE~NLBEFEMNE L THEAHMERL 3~ L8n s , HHMEE
BOCHIPI0CT250~270cal/ /g U0, ORBRETRBCEZLEREF2HRE
Bl L LELSL, HRCEHERF > THABET, SR AERCHEDHORAGETLT
L3wikd, FHLEA-EHAHEETORRCEALANL ok, 8 K 7AFEORE
TR, BEERETIFETS L,

T,

2.4 REHEHER

241 BAKBREFER (KM, &S, ERD

A ABORABEERT T o/, P05 6 218 (Test 4 480-3 & 4) ¥+ » 7H
OEACEETBRE LAZERTH D, MO 28 (Test M4 402-38. 41313 ) HERBANLE
BB D M EO v - v MERREENELAERTD L,

(1) * 4o 7EENEGHAETER

i) B#

CNE T T BABABREERCLE L, BIRBAKBRHSERREES 58T
BEBNOENNF o 78 (BEETHEEN) & TH7 v o8 (BRENENE R
FTRELRASTWELDLELONS, BABRBOCEBACEENREE ¥+ » 7RO
ENTesLLL, BHOENSHOBEBEIBKAHOEAARERETL LTERLZLE
IO DT h, UFrOEBHTERERTTore AL, MBS, *+ v 7THENZEHE
EERE 2ETomt ABETHEOT, SHO2EROBRL LT, FNCTHE
Tho
(i) =BRHFE

BE ¥y THOFENREENETE AL 20 LRLABKRERRHEE (¥4 » 7HE
HEE R RBRE) PRELL, TOABEA (Fig. 24 DL B (Fig.
2ADKFELRLOT, BRABOWHBEEC - BDEMAL TEANHMA S » 7T HEL ALY
DTHD, ENFe 72 1HWZTADIOE 2EBRTASOEVDHE, B, EHFTRY
TR B MmRe <y 2 FHNT Y=~ Lk,

EEAHE—FA (Table 241)CRTLOC, SEOERETNTHARKER T
BELfo Test 4 480—1 (MFEHE ! 206cal/g-U0,) & 480-2 (#ZmE .
186¢cal/g-U0,) Ed Fx v VHBENCHTE2MBAEECRBTHEND OO EBHRTSD
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b, Test # 480—3 (MBHEO vy +H 1AL 26 BB HO1 2EOL» b
10 %8E) &, BBEAC—270EST, 480—4 EEBARNOENEEE, 0
FRNANLETHRPELARRTS L,

il HERHLUFEH

30~40vof % BAOCIEOEROBERETHEOALDICTable 242 TR, &b,
# ., 7EFENE, Test % 480—1 H LG 3DOERTE 1A, Test & 48020
ERTH2BEHETHELA, ARLS & FNT, BEANECHET 2 ERERTBRT L AR
RELTRH~NE,

(a) oo 7HBENGIEICHEBTORBEN (H100MPa) TETEL 7o

b #Fxoy THACIEIERRBSHLNRL, LeLASL, TOELF v 7HETH
TV FABOENEELBT L LT TN,

(¢} FTEHIvF#2BTOENFAD NI, BRCESTTLH L, HBHE N 27085
BATHEBAREN AR AW &, L, BHEHAD Y- 27 0EAEETE 10MPa
DEALENS L EBEND B,

i BIFRCTELAL S, Test f AB0—1 OEFRTH, F+ » 7HOEND S5 2MPa
OECHREEELZ, LHALAESL, COBOBEBEREN25~30CLEr -l T
EEANE, WEETFCHBERES100MPs BELEL THhAa30EFLLNEL, E
Hery  OERIEASTSOATDNESECEZOREF2 O THR NP &EZL, B
THEER TS5,

HEOEBERNG, BABKRETE ¥+ v 7HAROKE TEH Y v+ 2RO KE D
BELTWAL L s MO b, T LI Table 243 WRLAREBEEDHFMEDH
EfE (Test 4801 )0 6425 L5, ER7vF2BTLRABELEN LA L
AP T EET L F 2 ERNOKS Fry 7HHOKEERL TAN R IDEFL BN b,
FUF LEE Ry THEOKOEBOBEORELL TH NV POBRCLLF ¢y
SEETEL T L, B, BEHAE - 20FELL-TFH7v 5 o BENEFSDIE
EANBLLERELDL, RARARTORIBREORKENEN TS v » 7HENEL S
NWEDERED,

BEBEKAERBROEES Table 244 CFET, ARICRALALOILC Fx oy 78T
EAERTN AR RHETE R D ke COBENE, LEIERLEEBALZ 2T F v » 7
LOTH 2y 7 (Fig. 242 BR) ACAHPA-TELT, ENwryé sy 7HO
HFEIFHEAINALZIOTH A 9, A, BEECHHBEE (Table 24.4) OHEED b,
BERKAEEOES S, D3 EBROBREERC, Fv o 7BHCORHAFLESN EAN
BT EBTID,

« Test M4 480—4 THABTLAE, EETF—€¥TH A2V o | EERERCAL A, 35T, TE7
L AR EANE, LAFaTH v o Z7HAOKGFELTH, Sv o TRCRBIAAKLKE, TE7L +
LAEHLERLL (BEABRERCL > TR LAKEDNELLAL Y, WThACE I TOREIR(BEETHS,
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(2) X;&@%%%%%

AT~ L 50, NSRREBTORBREHER 772 - ABBABLOEEGED
v A RECEMPEL R, 20D, AHOY—rHECHEFZHNEL T2HORBREZT
mTr, ThRbLL, RO — A FHER, Fig. 243 CRTLSE, 2427 v8HO0) » 7
TRV AETHAED, 100MPa 3OFRECETLBERECHABL S OHSEHLEL 2,
FO#D, Fig.244 CRTIOK, AFEZEEBEE LARESRBNT BEL KB CH
L 7o '

(1) ERBUMEEILA EBABBER

LET vy A MOBESCEAIL (BOEBE 0.1 3~7 9mm?) % BT RBRBERC
LABABREER EEBNEBEITERKBEER) 2N T T ETH . TOH
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Table 2.4.5 Test results on waterlogged fuel rods with pin holes

in their cladding tube in the upper plenum region,

Type of a test

Diameter of

Energy deposition (cal/g-U0.,)
Test Ne. fuel rod a pin hole 2
mm total at failure
421-3 JP-II1 0.4 160 No failure
(2.6% enriched)
*402-3 intact cladding 157 ¥o failure
413-1 Standard 1.0 156 112
(10% enriched)
413-2 4 pin holes-5.0 159 108
*402-4 intact cladding 170 103
413~10 Standard 1.0 213 180
12.67% enriched ,
413-12 the end pellets 3.0 213 No failure
*402-32 10% enriched intact cladding 217 180
the others

% : tests on partially waterlogged rods with

Table 2.4.6

Test No.413-12 and 413-13.

intact cladding tubes.

Comparison between the two waterlogged rod tests,

Test No. Type of a test Pin hole Energy deposition

fuel rod diameter |location total at failure
cal/g-U0
413-12 Standard upper 213 2 no failure
o 3.0mm

end pellets-2.6%E plenum

413-13 , cal/g~U02
the others -10ZE 207 157
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adaptor for

O-ring of necprene a pressure Ssensor

bottom end fitting

VAP

Fig. 2. 4.3

Sealing mechanism between an test rod and an adaptor

for a pressure sensor.

cladding tube

bottom end fitting

adaptor for a pressure sensor

N\

AL UL AR W\/

22 MU

Fig. 2. 4. 4

Sectional view of a joint between a test rod

and an adaptor for a pressure sensor.
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reactor power

x107?
5 MPa
50—
2
o4
= L .
o = A0 rod internal pressure
= &
T o3¢
“— e, .
pt 30 of cladding
2 o E
3 =
: B (5]
: E - Y Y A N e
[ -y A N~ T—
S = e
= =
i 0——
l l l L [ 1 !
40 60 80 100
Time
Fig. 2.4 Transient reactor power, rod internal pressure

and hoop strain of cladding during Test N 402-38

(a) Intact cladding, no failure

(b) Defected cladding (max depth . 0 4mm). failure

(¢) Defected eladding (max depth : 0. 5mm), failure

Fig. 2.4.6 Test fuel rods after irradiations in pre—gressurized
fuel rod tests.(initial fuel pres 12kg/cm”-g, energy
deposition~192cal g U0,)
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Active Fuel Region

Fig. 2.5 9 Post-test Fuel Rod

PURGE VALVE -

ﬁ T coNAX SEAL

4
I 2 ///
N7

N\ 8

=— QUTER CAPSULE

G

i/

CONNECTING ROD — —
N\

N <—— WATER LEVEL

«
SN

§—— CONAX SEAL

T Y
s T
ra TET

N

FURGE VALVE

A WATER LEVEL
N :
b <[4-— INNER CAFSULE
<= TEST FUEL ROD
ey b
N PRSSURE SENSOR

SR

-
s
N

.

AN
‘\\

Fig. 2.5.10 Test capsule for Test Series 700.




A

JAERI-M 9755

6_

S

= S

[+

~ L

bo 4

= CAPSULE PRESSURE RISE

= 3k

st

%

o 2r

e

a L=
0 Lo ) 1 1 ] I L ] 1 3
0 2 4 6 8 10

)
3
g 1000 CLADING SURFACE TEMPERATURE
<}
[narf
:
[£a]
B
0 | | ] 1 ! ] | ] 1 |

. 2 4 6 8 10
P
5 r
- 80 - CAPSULE WATER TEMPERATURE
=
R
[n'e]
=
By
=
=]
=

PEAK POWER TIME(S)

T IME

Fig.2511 Capsule pressure rise cladding surface temperature

and capsule water temperature measured during Test
700—6( 285 calg.uoy).

(a)

(b3

Fig. 2.5.12 Test fuel rod irradiated at 285cal/g - UQ, in

Test 700-6 (a: overall view, b

lower portion),




JAERI-M 9755

3. BHEEFAHEY S VER

{0 (FEM= ERAR
1y |E
NSRREETH, BESORLSYBrEATEAOREN CRNETROARELE, 550
ABEEEBCEKEEES » 7 e r EEOENFSEOBKECRARHROMRDL L HE
bf%ﬁobﬁb.ﬁ7tWﬁ@ﬁ%%%éﬁﬁ%?%ﬁbﬂ@@%ﬁ%?%C&ﬁ,C@L
&M%ﬁ&ﬁ%oC@ﬁbﬁ%?%&%wmﬂﬁﬁﬁwﬁ%%ﬁ%,%@2@@%ﬁ%ﬁoﬁo
(2) EREE
AEEOERCY » THEL TRERESTC (4 X W0°RP A=), 2D, BHNLZERHR
. BA% FHRASTHEBAILLICLTEMNLLTWAROERE SERARORE 2
émmmﬁﬁwﬁ@mm%ﬂﬁﬁéﬁﬁﬂ%R%%%bﬁ@&%&mgc@mbm,@%@%
ﬁ@ﬁﬂ&@ﬁﬂ%%%%mb,%%K%ﬁk@l%%@%Lfﬁw%ﬁﬁwﬁﬁﬁﬁﬁbﬁo
#MHIWD—M)%K%éﬂfm5®T%%?%ﬁ,%@ﬁ%@ﬁ@ﬁbf@éoﬁﬁﬁﬁ
Fig31%%?£5Kﬁﬁ%§§mﬁﬁﬂﬁﬁﬁzﬁﬁwﬁ4ux3”7Eﬁﬂb,%@i
ﬁ2M1®ﬁEK%E§ﬂf9%%ﬁb.Cﬂ%%f&TWEﬁ%ﬁ®§%KWbﬂ%&ﬁD
DEREHTE LS, KRBEBRCMEETS <) 27— 72 THRBENCHD, &
%%%ﬁK@MEﬁ5X&%mﬁﬁﬁﬁﬁﬁ%®f®éuiﬁ,ﬁ%%dBkW@ﬁVT%%
Kﬂﬂbfﬁ%ﬂ7twﬁ®ﬁ¢ﬁﬁkbfﬁﬁ?éfﬁf@%o
(3) EEFEH
Test 4 600—1 BRU600—2 B~y xa—7EHEEMEMOME Y 7 » OMERERY
%ﬁ@%ﬂﬁ@ﬁ%.ﬁ%mﬁ?%@ﬁﬁﬁﬁbfﬁmmﬁﬁéﬁot%@f,%ﬁMTmt
s 600—3,600-4 D 2EOEBRTERLR. F4DEBRRFLTLORBY TS L,
(a) Test M 600—3
ﬁﬁ%ﬁ&@FigﬂQ(ﬂKﬁ?iﬁKl0%%%@%??7<V7F4@,%®i
Tmiﬁﬁmﬁiy&vyhﬁlﬁﬁﬁAaﬂg<Vyﬁﬁywﬂuﬁ—4ﬁﬁﬁﬁﬁb
LT%%&@%Lk%®fééo%&%ﬁ&bf@@%ﬁﬁ@ﬁﬁﬁﬁ%@%ﬁ5ﬂ
(Pz%ﬂ'Rhiﬁ,ommm),mﬁwﬁﬁﬁ%ﬁlﬁigm v — 2, lmmo)
ﬁfﬁ”ﬁEﬁﬁ%Eﬁ%y#—%@ﬁﬁﬁo%@%@%ZNMa&@{mzﬁﬁFw
Sz, FEEL48msec) &L, AL, BBEEELIFig. 31ICRTLICAY
tw#bfﬂﬁm0f%@ﬁﬁﬁ¥@ﬁﬁﬁ%ﬁ%fﬁﬁmo%%%#m&wﬁbfééo
#H7 ~ A  FUJI Color RT500 (100f¢)

HBEEE 250 = S Fp
& =M 158 CRAER)
it 3 kW 7 > 7



JAERI-M 9755

(b} Test #% 600—4

HEAMEBIE Test 4 600—3 CAHANZ LD SREEEALRTHELH, Fig. 3.2
MICRT EOC1 0 BEBMmERILy > vy VA 3IMEL, TOLETICS 2EHERILY 2
YRV, PR IEELTRY R —7HEO 30mm FOHEHEWIC LT 0 FEMB Y » MH
BrROAELOWTHEFZCHNARO Ty vHRT AL LAKRDPERL, E/, BES
HOYRFNFENFEETENETLAZLCH 7 e v ONAI¥EEH 3em BEO 57 4 ¥ B
THB- 7%, ERFEEI Test % 600-3 LtALTH b, BBAEXW300cal g U0,
(4 2prasaz, FRAMLZ2Smsece) &Lk BEFEINEREF -THLY, X
VBB RY LT ARDICH 7 e HAIOBECR T T =7 aORFREEL 7,
EERRER
fa) Test H 600-—3

HEMM BT 270cal /g - U0, ORBEHEL LN, RBEHPRCHS T 2BEY
DERCLAE, Figs. 33.34 KRTLOCHERERARSBEELAATHE1I700T
lEE R BBHEBEELAZY, ROBTHI1560CETERL, TOBRBEJCKCEBTLT
nhE, HCRLNLLOCBENA 2OREBTRELZ4 LV ZLEV ORI, B
L RBAFORBEO G EL Tn, REBEBAETA 20UBCEHAL 2 ABE L7,
7, BEEETHIFRACHALLBERZ 2 72 v b BHTBREAR LROUCBLCSNWTH
ML, MEINz 74 » 20 L BREOME, KHK SBEEOBEH £¥% BAHOS
H(z7=r7), BREEEARL HOKBOKEFOERINA, 71+ L OBRBITLE
BRI BB OREMSEBILTORY Th s, BMIHEFF A+ 2 HOY—2s7RBELTH D,

REfe] () wmoOoE o % B

0 SoaeA i EESE, Fav a7 AR (23 <)

0.0 2 Tt % i Brl 4

0.048 WML WEBEICHEL Y ARMNKEORNESE, <y £ 2
REBHELE

0.2 IITREE RO 174 KRB

0.3 Blnzsay, 2 rr, BEECREBEREZAN I n sec
CET5H,

0.5 BREAEO FETHE, IEEFCh e ) RE

0.91 FREMLRL, BENA 2H -7 BETR

114 BEEFS T 2ROz - THE,

137 BEN6 2OTH CTHEENEERM

1.94 BEN M4 4 €~ 7 BEGLE

2.50 REEREA L, BEEENGD L,
WEEOER - £BILK

2.90 FREFESET LA L,

3.40 FEE1/4 BE LAY, BREGL4HTE S = 27 Bk

s nrFrrusibdsa a0 s 2 E~ LB



JAERI-M 98755

4.0 FEIRTREE LR —SRERE, 2EXA 2 FHOE
B AERER V-0 LT RLE, TOWSTIED
i, BEELTERELBER,

4.6 FBELE RS, .

5.0 GHROEEZR D, BENA 20 FEr HERENICAHE
F, QRO LAHEE 1%cm sec o

150 SEOREEEE, FEHFLEROME S RITH D,
£53-7 Nl

() Test #4E00—4
KBRARBC B 300cal g U0, ORBELVEL LA, BEERACRST 2ZRE
Tl 0 BEE~NLY » VEARCHETA® (K2 Em4) G 2 HNRER W 5
BTH1T00CE TR L THEBE LA, —4 5 3BBE~v ., PERCTES AREY
(ml,3,6)@%%14mm&ﬁﬁb.éﬁﬁﬁ%m%ofﬁabﬁoiﬁ,ﬁﬁ@
HEME 6 0CEITERLADN Y —ABBBERTO OBREEFEBLTL S EEICER
DEESEEI N BETEL, CHLOBETSE  Fig. 35 RUFig. 36 w7,
KBRMREI N EFRCRBE RETr 7 2 v bBETBROAN L. BEINRLT 4
AnlftTest /600—3 CHEBLTLY)HETHE-ORKHFBE I AL, BCEBER
DEBEAES 6mm CdEFTAHT &, BREFBRBCHEND 2 5 5 7DALIEFON
FTCFRLL A A HLVWARABONL, Fig. 37007 ¢ v &b BENTET <
R, d7, MFEC7 s v 20 BECLAREEFHOFHMZERT T, BREOTETF
ArAMBE—sRBELTE L,

BEf (8 o O ¥ B

0.0 F a7 R

0.12 AR R R G LA
~uy b=y, FEHOEBOHBEEORE (AR E0
Do

0.25 EE4ErBEOROEECRE ZEERK ROEEBEE
~ &0 ¢m

0.5 4 BEBLEER, LrL, SV bty y PERBTE
K, PLEGRETHFTND,

1.0 BREESEFXESCEL (EE20000) , AEEHFL,

2.2 BEBEBTHOS $EESVy PEBCENTZ v 706
L, SNEIAEGBOLAVRED OGN D,

3.5 RV LMW CHRAMO 2 7 5 248

4.6 1 0%BHE~LVy PHEB THBICHANT s = FHH

712 BEBEO1/3 SRHINRARLLD, RROIBRELE



JAERI-M 97565

8.65 BREME LB bd sy FHED, BRETLELLEE
BLTEBLIRZSTWVD,

9.7 BEET N TOERTHBETESSIN, BB LA D,

150 SHOREEE, FRAEES SREHORLE - ITHED,
8- I

D Al VEEINAREEHOERE LTORY T, RERVUZBCET L
MAEBHEINERES 5,



JAERI-M 9755

High speed

camera i1
Pb shield <

722 —

Boron contained
paraffin shield

1553

O
Qo
=
S,
=
3
1]
2
3569

Pb shield

Water level i:j

Section A —A \EE
Lamp [

7200 Perkcgggnﬁ\\\\\f

o Guide tub

St °TTNm
- Capsule ——————itdi

2 Quartz
window v

Fuel rod |
Fuel support } |

LEOOJ unit : mm

=

215

(t‘ﬁ’]

1079

Fig. 3.1 Schemazfic Configuration of In-reactor Fuel Behaviour
Observation System



JAERI-M 9755

Pt-Pt - Rh Periscope
Thermocouple View Field

A% 0, Natural 10% Enriched C-A
Dummy Pellet U0 Pellet  UO: Pellet  Thermocouple

{a) Test N 600-3

Pt-Pt -Rh Periscope
Thermocouple Vts.w Field
/
_ WAV
—] S B ’?SF:E‘ILE.IE:sﬁLﬁ. ~~~~ pretes] ([l [0
S\ X

. -‘\
Al: O 5% Enriched 10% Enriched C-A
Dummy Peflet U0:Pellet  UO: Pellet  Thermocouple

(b Test N 600-4

Fig. 3.2 Test Fuel Rod for Fuel Rod Behavior Observation Tests




2000
1800+
1600 |-
14001
1200
1000
800}
600}
400
200}

Cladding Surface Temperature (°C)

0

Fig. 3.3

1

$ 2000
» 1800}
= 1600

1

per
~
(>
O

1200
1000
800
600
400

200r
0

T

T

Cladding Surface Tem

—
O -

# 2

JAERI-M 9755

Reactor Power

( Max. 12,000 MW) Test No. 600-3

i [ o

——

01 02 03 04 05 06 07 08 O 1.0

Time {sec)

Cladding Surface Temperature Historieg till 1 second

Test No. 600-3

#4

1 1 1 r‘ g H i I 1 J

1

0

Fig. 3.4

i 2 3 4 5 6 7 8 9 10
Time (sec)

Cladding Surface Temperature Histories till 10 seconds



JAERI-M 9755

20
= 2000
350 L :
18 Reactor Power Failed 1800
300 b 16F Energy Deposition
1600
14

)

250 1400

Cladding Temperature( °C)

T
[=]
?
bo
A
s 20TE
= 12
2 5 Cladding Surface 1200
s 200 - EIO L Temperature
@ P 71 1000
]
e ‘5 8
150 1~ B .
& g 800
By ]
5 g oL
e 6 4
3 100 b 600
&
4r 1 400
50 -
2 b T 200
0 0 e et N ! ! Ll A
G 0.1 0.2 0.3 0.4 0.5 0.6 oooT 0.8 0.9 1.0
TIME(sec )
Fig.35 Transient Histories of Reactor Power, Enerey Deposition and
Cladding Surface Temperature in Test No 6 0 0—4
ZOOOF — 200
1800 1180
. 1800 ' -1 160
[ clad #6 ~
o 1400+ 4140 ¥
= et
= ) : [-}}
-+ — Sy
5 1200 clad #3 q120 5
Ll by
8} <
S 1000+ 1100 g
E &
& E
o 800 MO clad #1 3 4 80 &
o
= .
= 600 water g -1 602
« «
O i =
400 40
200 F 1 20
0 I I [ l [ | { i 1 0
0 1 2 3 4 5 6 7 8 9 10

Time(sec)

Fig.36 Temperature Histories of Cladding and Coolant Water in
TestNo. 60 0—4



9755

JAERT -M

Teny oyy

(¥-009 °N 389]) %00 -8 1829pg~04 1900Qqus sem poud
sdygcz 1% Ued®) W[Tf 10j00 uoljow wolij pejutad s9amn3o1 ]

2980 L6 WIS EH 0

IVSGEL 0 UOTAR1pBIL] 2d0og

4

£




JAERI-M 9755

4. BRB\EHN 7 VEER

(NABE S, ENE8E KE &
E B
41 FAMEZE

HBCRELABEEEOKHAKEHTH, BRETREAOREERIRLERFTLI SR
{RBRDE, HHAKBENBAC 2D LT HARTRARSRED FA—RXREOKIE
EROBERLEBEAEALTHLCEVHELDLZ R

SERE, BHELEWETROLADRBANCEZIRBRENILIERENBEEOERT T

o
4.2 EBZH

CHETBWREETI 205cal /g U0, (Fiz 2 FgHrfE, HTEL:
BWR : 15¢af/g-UO,, PWR . 20cafrg UO,) HLUFPWREHTH230cals
g U0, ORBETRE L 2/RBRAELZBRO N AL . TORD, SEORBRTIRAER
2., BWRELUPWREHES 270cal /g U0, &Lk, Rd, HHKOFY 7 -—1E
i, BWREEH 10T, PWREHHA40CELR. Table 41 THE TRIT- KRR
VEOLBERBL N T e EROZFHETRT,

4.3 EBRERSIUCER

(1) EHBEREBONE
AEOERTHE. BWREH, PWREHWINOSEIHBRREBLHELZ, Fig.41

CRHERHEONBEET =T, _

BRI, REALOTFTHLIOIH1I~2cm EONBCEWTBWREHOCEGRIAN 05 cm.,
PWREHOHEEAEIH Loem OWMEBDCZ 7 5 7DELTH T o, BEF 7 2 ARRBRIT
BoNALOBMEEO 2 35 71, RERGERBTOERTHONLZATAOCS 75 7 LR
B Tnies $f0, 259 2 QELARBREO FTAMEOMBECHRLEOKBE LLIRE
BHhz, ‘ | '

&x,%ﬁ(JAMH~MSH1ﬂkﬂ%ﬁ&ﬂﬁﬂﬁﬂi6@%@@Eﬁﬂﬁiofﬁi
+TABETOSL{ bd (bambooing OB FIL, AEOHIKE (Lo Tk D TOBRBEE
DEAELEI(RoTni, CHd, SERBETROACLCLVEEETREVAELD 6
IHLEHC &of:fﬂb%%&ﬁ%@%ﬁﬁﬁi{ﬁ:?b%@ﬁ%%%%ﬁiké {Ralt®THEL,

—64—



JAERI-M 9755

(2) BEZEH

CﬂiT@BWR&iUPWR%WTT@%ﬂﬁﬁﬁ%ﬁﬁﬁﬁ@ﬂﬁ%%%%ﬂ%ﬂFig
42,Fig.43 WKRT,

%f,BWR%#T@E%%%@EE@,%ﬁéﬁllma&gmmzwﬂfm,%%%
29W3T@@ﬁﬁ#%lStEﬁiﬁbﬁg%@%%19%a&@lﬁzHiﬁ%(bﬁ%
%fd,%ﬁ%@DNB@ﬁ%&ﬁi,wﬁgﬁﬁuéﬁmiﬂbfméomﬁﬁwﬁ%ﬁﬁ
@,%ﬂmgzé%ﬂé@%mmuﬁﬁof%<&b,%ﬁ§1%~momf4ym% kit
Emﬁmflmmt~1ﬂwt&ﬁok0%ﬁﬁd,C@%ﬁ®%%ﬁﬁ@ﬁ610ﬁ@ﬁﬁ
ST b, BEEREESRILLBGLTA, BRACSEALARRE 270c2l/g U0,
@%%f@,w%%ﬁﬁ@,%m&ﬁ%%@ﬁmwﬁﬁﬁ(PwTrﬂmﬁ%ﬂ;~17w@
ﬁ<§fiﬁbfﬂb,%0%%m§§®@mﬁm%ﬁb<@coﬁ%@&%z%ﬁ,ﬁ%%
OELOEE SR E N,

A DNB#AELEBBERESLE L RN BRRECHEIINS, nbh@hbzxrF
v 7HBNKEESETOBE LARICHEDNS, tO2zryFy rHRBET AT TOERE
ﬁﬁ@ﬁﬁ%@u.%ﬂmﬁﬁiéﬁaﬁmxofiﬁb,2OMam@-m%@%%ﬁ—§
Bl hoTnb b, $5205caf/g-U0, s THRBBOEMELOC 72T
v BB LR D, HE, CRHMEORBECALEZ =¥ F v FRBRREE b
FEasrs b,

cw%%%ﬁ%wﬁﬁﬁ%m,cnifwkﬁﬁ%#T@%%&m&@tﬁ@&%ufmﬁo

WK,PWR%#T@W%%%@EE@,%ﬁ%l%c%VgﬂOzk£62%cM7gU%
(270cal/g UO,DHE, P Al EERORBEIC LY BESEBEBLA AL o) O
T@,%ﬁmi%bf%ﬂ%ﬁ%1%0tk;§1%0t&&9,Fi@4ﬁmﬁ6ﬂé£5
m%%%wﬁﬁiﬁﬁﬁ%%%f%&m%széoPWR%#@%%,iﬁBWR%ﬁf@
EERE TR s Ty Fr FREFBABLRDONL TN 2V, dx, BRENHIPETRS
iﬁ@&7’;(D%@%Eﬁ%%ﬁiﬁ?%%ﬂéﬂ%ﬁ?ﬁ%ﬁﬁﬁﬂ%??éz’ﬁ, REREN L, #HT~8®
%ﬁf@ﬁﬁ@?ﬁbﬁuPWRwﬁﬁkémocwcaﬁ,ﬁﬂ&ﬁ%@ﬂﬁ«@ﬁ%%%
NBWREM L PWRENHTHMYE S TWELEERLTWADIDTH L,

(3) WHLAEIVWELICHRBEBBECOWIOEER

SEGBEA 72 A TRBRE2T0cal /g U0, TRH L ABBOBBOREL 77270
fﬂ#ﬁﬁ%%@@kﬁﬁ%#?®ﬁﬁ@%%&@%%féokgC@Ct#6,EE%E%
#Tﬁﬂﬁ%ﬁﬁbémﬁﬁ,kﬁ&%#T@ﬁﬁb%%ﬁ%ZMchgUoz&ﬁﬁﬁf
BAEEZLND,

COEmAE, SETTHREEETNGOCHAH~OREEFR(ZLRLDICHNAREDS
Lntfc%73)7bxzb%fﬁ%%‘ﬁﬁﬁﬁﬁi%ﬂ&J:'J:ﬁ%'rl/fxf»or’tctVCCI:»'é%@é:%‘f{. bith,

RCERESLE T ST ARBEELCO WTEFT 4o

%E%E%#T@%%,%3ﬁﬁi§yﬁ@%é?%ﬁﬁ@aW%%ﬁ%ﬁ&&oﬁ%ﬂE
CroT~yy b CHRERLEZRETARINLI LD, CORRBCREAECRELRIC
h A REDSRAE L kbl B LN, (RRERFTCHBERCHEEIRERCL 5



JAERI-M 4755

THANTHEDTHBELE RV, VOBRE ¥ » 7H2 D AR ERERIREL TLH
FEOIEEE &K {n)

Fig ASKPWREHTHARALABRHOE#RBEERE T T, 7 7y ZHHHBERECIL
EAFHICEAL TWD, BERSTE BETO 1 BSBRLIORENERRN-FASE T
BRALTCVAEEERC 27 5 70 EBRFOFERBTREL Tnb, U0,— ¥ rd e 4 RIERK
B, cETEES LAY  KGERAETOBE LML TELC LA LRREEERHTR
BT AREOMBRBERELD SREOBMCRALRBLZECLILIRWETH D KIAERAET
TOHBRELEDLLENEEL D,



squlog Butanseal sdnjedadwal

JAERI -M 9755

P Ou
N _n.\ *359) UOLIRLPRAA}L P23eadad © S} 6-LLLL"ON 1591 wea
)i | —
: (4Md)ton-6/12 0z 4o (whg)*on-B/1ed 51 jo
/N AN . Ad{eyjua |®§3|u} sapnioup uoripsodap Abuou3
Te Ly  Tw £u . e
s34 of oy s3} oN oN ON ON BUangLey fang
3d 1d v/ 14 14 ¥/2 ¥/ - pasn aLenooowayy )
- - | sob9 - - - - - (4
B - B - - - - - ot pIYIRAYS
- - oozt - - 0CL - - L {34} S
= 0stl< | goel - 0opl 0%l | =062 - v asnjesaduay r
3N 44Ng ,ﬂ
- vatted 1 002l 00L1< | 06El | «0G8 x589 - 1% buiy pet)
wnl1. x ey
- 00ELl< | 0O6ll Opal<| 00bL jP3LLes | x6/2 - c#
- DESGL - oLl sl - - - L¥
ton-6/1e>
oz { otz | oot | ooz | soz | sl | ot - vous 1 ondon ko daus
09l ZL {W/64) 94ns53.4
50E 92 (7.) @4njesadwal
BLLL 9-LLLL P S-LAb | 4-Liib b =Ll | E- 100 2-1008 -l *ON 3s@f
Hid ung LOLY UG mMILSAS

sy6a] o(nsde) simnsseid yY3tH jo Arruling 1% @714d® L



-
z
W
=
=

JAERI-M 9755

*A718ATq09dsea ‘SUOTL] IpPUOD
IUBT00D YMd PUB Ymyg ITepun ?Q-8-1vo(2z Jo uoirisodep AS8ioeus
01 1% PolEIPELIL o16m YIIUm SPOI Janjy 318683-180d syl Jo 2ougleaddy

UO11TIpUOD JUe003 YMJ

U0T3Lpucd JuUBT00d YMe

1¥

31




JAERI-M 9755

2000

Energy Deposition Irradiated Condition
270 (cal/g.UOz)

Temperature : 276 °C ( Tsub about 10 °C }

205 Pressure : 7.2 MPa

1500

T

1000

500

Cladding Surface Temperature { °C )

0 ] L 1 ) | 1 ! L 1 i
Q 2 4 6 8 10 12 14 16 1t 20
Time (sec)
Fig. 4.2 Transient behavior of cladding surface temperature with various

energy deposition under BWR operating pressure and temprature
condition
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Fig. 4.3 Trasient behavior of cladding surface temperature with various

energy deposition under PWR operating pressure and temperature
condition ‘
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Fig. 4.4 Appearance of failed region in the fuel rod irradiated
at failure threshold energy., shwing a difference
between PWHE, BWR and STD conditions.
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Fig. 4.5 Microstructure of cracked region in the fuel rod
irradiated at 270cal g -UQ, under PWR condition.
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Fig. 5.4 Postirradiation apperance of a test fuel rod subjected
to energy deposition of 280 cal g U0,
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Table A -1 Characteristics of NSRR

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

(2) Reactor Vessel; 3.6™{wide) x 4.5m(10ng) x 9™{deep) apen pogl

{3} Fuel;
Fuel type

Fuel enrichment

Clad material

Fuel diameter

Clad diameter

Length of fuel section
Number of fuel rods

Equivalent core diameter

(4) Control Rods;
Number
Type
Poison material
Rod drive

{5) Transient Rods;

Number

Type
Poison material
Rod drive

{6} Core Performance;

a} Steady state operation
Steady state power
b) Pulse operation
Max. peak power
Max. burst energy
Max. reactivity insertion
Min. period
Pulse width
Neutron life time

{(7) Experiment Tube;
Inside diameter

12 wtZ U-ZrH fuel
20 wt% U-235
Stainless steel
3.56cm

3.76cm 0.D.

38cm

157 {including 8 fuel-followered
control rods)

62cm

8 (including 2 safety rods)
Fuel followered type
Natural B,C

Rack and pinion drive

2 fast transient rods and 1 adjustabie
transient rod

Air followered type
92% s&nriched B,C

Fast : Pneumatic
Adjustable : Rack and pinion & Pneumatic

30GKW

21,100MW

117MW-sec

3.4% ok ($4.67)

1.17 msec

4.4 msec (1/2 peak power)
30 usec

Z22cm
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Fig. A-1 General Arrangement of NSRR
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Operational Core Configuration

Fig. A-2
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Fig. A-6 Heat Deposition in a LWR Size Test Fuel Rod

Contained in a Capsule with Water as a Function
of Inserted Reactivity in Pulsing Operation
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Fig. B-1 Standard Water Capsule
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Fig. B — 4 Standard Type Test Fuel
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