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Annual Progress Report on the NSRR Experiments (17)
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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 January through
December, 1985, A total of 48 tests were carried out during this period;
those are 6 fuel design parameter tests (2 stainless steel clad fuel rod
tests, 2 pre-irradiated clad fuel rod tests and 2 long-sized fuel rod
tests), 6 defected fuel rod tests {6 fretting corroded clad fuel rod
tests), 7 severe fuel damage tests (3 fuel rod melting tests, 2 coolability
tests and 2 fission products detection tests}, 9 special fuel rod tests
(7 mixed oxide fuel rod tests and 2 Gdy03~U0; fuel rod tests), 16 mis-
cellaneous atmospheric pressure capsule tests (6 mechanical energy
measurement tests, 5 deformation measurement tests, 3 acoustic measure-
ment tests, etc.), 1 high temperature high pressure capsule test, and

2 fuel behavior observation tests.
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Summary of the progress of this period
(T. Fujishiro and 0. Horiki)

This report summarizes the progress and major results of the NSRR
experiments and the development of analysis codes conducted in the period
from January through December, 1985. A total of ferty-eight tests, con-
sisting of forty-five atmospheric pressure capsule tests, one high tem-
perature high pressure capsule test, and two transient fuel behavior

observation tests, were performed in this period.

(1) Fuel design parameter tests
(l.1) Pre-irradiated clad fuel rod tests

Two tests were performed with the fuel rods consisting of fresh U0,
pellets and pre-irradiated zircaloy to study the effect of fast neutron
irradiation-induced cladding embrittlement on fuel rod failure ; One
test with a narrow gapped fuel rod and the one with highly irradiated
clad fuel rod. It was confirmed by the seven experiments conducted until
this period that the PCMI (Pellet Cladding Mechanical Interactiom) type
cladding failure does not occur as far as the pellets contained in the
embrittled cladding are not pre-irradiated, and that the failure threshold

is almost identical with that of fresh standard fuel rods.

(2) Severe fuel damage tests

(2.1) Tuel rod melting tests

It was revealed from the previous experiments that the behavior of
cladding meltdown in the core uncovery accident was closely related to
the cladding oxidation and maximum cladding temperature. In this period,
three tests were performed under a poor oxidizing environment and the
experimental data on the effects of oxide thickness of cladding and the

maximum cladding temperture on the cladding meltdown have been obtained.

{(2.2) Coolability tests

In order to investigate the coolability of debris bed during a
severe fuel damage accident, two tests were performed with a simulated
debris bed consisting of crushed fuel pellets of which particle size was

I mmn equivalent diameter. In these tests, the effects of cooling condi-

(1}
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tion on the dryout heat flux were studied by changing the cooling condi-
tion. In the first test (Test No. 830-1), the debris bed had the per-
meable bottom. There was no dryout occurrence, though the heat flux of
debris bed increased up to 8.1 X 105 W/m2. 1In the second test (Test No.
830-2), the debris bed had the closed bottom. The dryout occurred when
the heat flux of debris bed reached 6.1 x 10° W/m?, and the dryout condi-

tion was maintained until the heat flux was reduced to 1.39 x 10° W/m2.

(3) Special fuel rod tests

(3.1) Mixed oxide fuel rod tests

Seven tests were performed to study the effect of plutonium spot on
the failure threshold of a mixed oxide fuel rod. Advanced Thermal Re-
actor (ATR) type mixed oxide fuel rods (with/without plutonium spot)
were used as the test fuel rods. Through the experiment, it was con-
firmed there was no remarkable effect of plutonium spot on the fuel rod
behavior for the applied diameter of plutonium spots of less than 1100
um, and the failure threshold and failure mechanism of the fuel rods
with the plutonium spots were the same as of the ones with no plutonium

spots.,

(4) Miscellaneous tests
(4.1) Mechanical energy measurement test

This test series aimed at establishing a data base for a mechanical
design criteria which is to be applied to the test capsules for pre-
irradiated fuel rod test, A single fuel rod was subjected to a high
energy deposition in a double capsule which was used to simulate a test
capsule conditibn for pre-irradiated fuel rod test. 1In this test period,
six tests were conducted to study the effects of rod pre-pressurizaticn
on the mechanical energy generation at fuel rod failure. The test fuel
rods used are two unpressurized rods and the rods pre~pressurized with
helium up to 8.5 MPa at maximum. The test results indicated that the
effects of pre-pressurization was not significant if the initial rod
pressure was below about 4.0 MPa, and that both of the peak value of the
pressure pulses and mechanical energy conversion ratio increased with

the increase of initial rod pressure beyond 5.0 MPa.

{4.2) TFuel rod deformation measurement tests

(2)
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This test series aimed at observing deformation behavior of the
fuel rod under an RIA 6ondition, and obtaining necessary data to develop
analytical model for computer code. During this period, three tests for
deformation sensor development {(one for large deformation (cladding
ballooning) measurement and two for small deformation (PCMI) measure-
ment) and two tests to measure transient cladding strain due to PCMI
using strain gauge directly attached on the cladding surface. In the
large deformation tests, overall behavior of the cladding ballconing was
successfully measured, but reaction force by the sensor itself brought
considerable error in the measured cladding displacement. In the small
deformation measurement tests, considerably large oscillation of the
_ diaphragm in the sensor was observed, and it was found that the measur-
ing system used in these tests was not appropriate to measure so rapid
transient deformation produced by the pulse irradiation in the NSRR.
Transient cladding strains due to PCMI for the NSRR standard fuel rod
and the narrbw—gapped fuel rod were successfully measured using high

temperature foil gauge.
{4.3) Acoustic measurement tests

The objective of this test series is to develop a detecting method
of fuel rod failure and boiling behavior of coolant by measuring the
acoustic signals in the test capsule. In this period, three tests were
performed by using trial acoustic sensors for the measurement of the
sound at fuel failure. The sensors used in these tests were the re-
constructed ones from the commercial low impedence pick-ups for a disk.
As the results, it was clarified that though this type of sensor was
less affected by the radiant rays compared with the piezocelectoric
sensor, there were some problems such as the acoustic matching with the
objects, the signal/noise ratioc and the propagation of signal from the

housing to the sensor.
(4.4) Other atmospheric pressure capsule tests

In this period, in addition to the above tests, two tests to exam-
ine the distribution of energy deposition in the fuel rod when three
fuel rods were irradiated simultaneously, two stainless steel clad fuel
rod tests, two long-sized fuel rod tests, six fretting corroded fuel
rod tests, two fission product detection tests and two Gd,03-U0; fuel

rod tests were performed.
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(5) High temperature high pressure capsule tests

(5.1) Pre-pressurized fuel rod test

The effects of fuel rod pressure on fuel failure were studied for
a reactivity initiated accident condition from the hot start-up of a PWR,
In the previous experiments, it was clarified that the fuel rod burst
when the initial fuel rod internal pressure exceeded the ccolant pressure
by more than 1.15 MPa, whereas the fuel rod did not fail though ballooned
when the coolant pressure exceeded the initial fuel rod pressure by more
than 1.2 MPa. 1In this period, it was confirmed that the fuel rod failure
did not occur under no pressure difference at initial condition. The
effects of plenum volume on fuel failure were studied since the plenum
volume of NSRR standard fuel rod was larger compared with that of power
reactor. The test fuel rods of -which plenum volumes were reduced to 1/2
and 1/4 of that of the standard rod, were irradiated simultanedusly, and

no remarkable difference was observed.

(6) TFuel behavior observation tests

Two tests were performed using the fuel behavior observation cap-
sules, The objectives of the tests performed in this period were to
examine the cladding surface temperature from recorded films. The radial
distribution of energy deposition in the test fuel rod was also examined
for a test condition in a newly developed capsule. In the first test,
the temperature evaluated from the color of the recorded films showed
good agreement with the thermocouple measurements for the temperature
below 2000°C. 1In addition, a detailed temperature distribution was ob-
tained for the temperature range beyond the limit of thermocouple mea-
surements. In the second test, the radial distribution of energy depo-
sition in the fuel rod was obtained by y-ray measurement, for an off-
center allignment of the test fuel rod in a mnewly developed capsule.

The energy deposition in the fuel faced to the periscope was larger than
that in the opposite side, and the measured data showed good agreement

with the calculated result by CITATION code.

(7) Development of analysis codes

The fuel behavior analysis code NSR-77 was modified to apply to the

analyses of the zircaloy-steam reaction at cladding surface at high



temperature and consequent hydrogen gas generation.

of the forced flow experiments with this modified model indicated a
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Post test analysis

fairly good agreement with hydrogen generation estimated from the void

ratio measurements at the coolant channel exit,

Table Classification and Number of NSRR Experiments

(until Dec. 1985)

Test Item

Number of Test

Oct.'75 | Jan.'85 Total
~Dec.'84 | vDec.'85
1. Standard Fuel Rod Tests
(i) Scoping tests 46 0 46
(ii) Detailed tests 28 0 28
(iii) Others 13 0 13
2. Fuel Design Parameter Tests
(i) Gap width parameter tests 16 0 16
(1i) Enrichment parameter tests 17 0 17
(1ii) Pre-pressurized fuel rod tests 58 O 58
(iv) Cladding parameter tests 47 0 47
(v) Gas-gap composition parameter tests 20 0 20
(vi) Pre~irradiated clad fuel rod tests 5 2 7
Atmos- .
. (vii) Others 13 4 17
pheric
Pressure | 3. Cooling Condition Parameter Tests
Capsule (i) Coolant temperature parameter tests 22 0 22
Tests (ii) Flow area simulation tests 22 0 22
(iil) Rod bundle tests 16 0 16
(iv) Forced convection tests 31 0 31
4. Defected Fuel Rod Tests
(i) Waterlogged fuel rod tests 91 0 g1
{(ii) Fretting corroded clad fuel rod 40 7 47
tests
5. Severe Fuel Damage Tests 21 7 28
6. Special Fuel Rod Tests
(i) USNRC fuel rod tests 21 0 21
(ii) HTGR fuel tests 7 2 9
(iii) Mixed oxide fuel rod tests 17 7 24
(iv) Gd,03-U0; fuel rod tests 11 2 13
7. Miscellaneous Tests 95 16 111
High Temperature/High Pressure Capsule Test 20 i 21
High Temperature/High Pressure Loop Tests 13 0 13
Fuel Behavior Observation Tests 21 2 23
Total 7Ll 48 759
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ETICHEEF v o TIEORENCL 2B IERUEF » v TIRBENC X 2 ER 2 EIAEE L1
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LAEBRIDEEBL, AU —XELTOBREH LI,

2) EERAER UEREY
ARER Y ) —ADTz s CHEfE LR EEHT, TMTR TRURMFN RS L 7 14 x 4B PWR

YA XDINH L - 4HEHEEC, REHO0BBHBEUO <Ly F2HALLLEDTHE, &
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W33 10M 0 em B ICEREREL R Ly P EHAL, S8R L - 0R%8 BB .

BES Ly M+ v IR 0.095mm) & Lzl mEEL Ho 7o, BBSERO TR A Fig. 2.
L1mRd, 53, ARBHEOMEEG r SOREENS O (1~2Rhr), BENSD

BRELET R DI BIT O M- 1
BEELE, KQEKA 7EvEROTER, KEREOHHNEHE T TNSRRIZL 550 2 #E

HErTe, LAO 2 EEOMBMEHT 249 ~250cal g+ UO: DR EA 55 /-,

(3) EEE:R
SHEHTERDINFTTITEE LR ) — XOFEEBER 4 Table 2. 1. 1 iTRT,
BES » o TIROMBBEEEL, BEE 146~261cal./g » U DEF THIE LI 1,

DT o, WEARHEERE (BHERK11~3.3x10""ncm®) OEL X Ei,

NSRR BEEMELDOWIE L & 0D 260cal /g + UO: & HEETH 5 T MBI NI T2,

B vy TRBEOBEICE, AR 249cal g UQ; TRRIEE S, REE260cal. g+ UO:

THEBED ~HHBERL, WE L, BLFr v 7EOABHEBESHEOEBEOMEL 2

Bt 237~257¢cal g« U THY, TN ELHELT, #HEL 2 0 EPHER BICESLERE

H oI,

Fig.2.1.2 3, £ERTHAL-BHEHE S vH o1 #BEOSRARE R (REEE300°0)
o, WEBOEMIEBE—HUERAEEICHL T oy P LA ODTEH S, MHEHESH 05
x108n o’ ETRHUBEECET T80, TNHERES TVEL T, EABEHED 33
X109 n/em* T, @MU THE%, B—MITH L BOBUHE 5, BREDOKELE
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Total and Uniform Elongation
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20 O Totgl Elongation
8l o ® Uniform Elongation
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Fig. 2.1.2 Total and uniform elongation of preirradiated
Zircaloy-4 specimen.
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2.2 BEREER

2.2.1 #elEmER BR RAK Rl 88D
1 #% &

WEHEE ERI, e T T2 v F b (Severe Accident) &#F F ToOMEHSEE A 700
THERDODERTHY, FLOBHFREOPRGE L L CRELTY 3, /- T, BEHEOIH
[RITHTHD, RICEEREEG T TOKIOERERL 30 EBREUHHO—2TH 5,

cnET, BEECHMERLHENS AN TRER, MEBEOMISHE (REHEAE KU

ENEZROBIESR) RUFHKERSE (BIEROEBREHETES 575745 LLTHE
BREIT-> TEf, TORE, WATOARTICIEFERO ZrO: M X B RET(ba HIH 2 E
SPIEREATIE, #HEEO—HMSEmL Tk M3, HBEEDRADABELS L Lhb
ot

ZZ T, SHE, IhITOERTHRE LABEEOSHEE S TORELEETE L LS
iz, #IFR S B b EMEAEN T CORE O ERME B4 F B oD ERE 30 (Test No.810
~8~10) LWL,

(2) FEERFMH

HER L, IS 14 x 14 PWRE, (0B EBREHE | K2 ASH 72 vAICEA LERT
iTotoe REA 7T 2N EGTEREL, FORBENTA -5 & Lo, BEFE &L TH,
WEEALRBEATESER L. ERERLRUHEOBBR % Fig. 2.2.1 KR,

Fi, RBERUOEGEBA Table 2.2. 1 ITmRT,

Test No. 810 —8 &7F810 —10 Tid, B EIIEBRERETH265cm’ & L, B ERmAEEH
(LREE 15 pmFEE S8 B L D T Lo, Test No. 810 -9 T3, HEERETH0cm® O EE
BeL, BEEMN0 pmBE LL L5 L, £/, Test No. 810-87T i3, #iBEXAE
BEAS1950 ~2200°C E7L 5 & 5 250cal./g « UOy DR EEEABMENCS 2 /2, Test No.
R10 — 9% P8I0 - 10T, BHBEEREEE 1800~1950°C &7 2L 92 200cal g » UO: D FH
BEx547,

3 HRRUEE
ﬁmm%mﬁﬁm;bmﬁﬁga@mﬁﬁéﬁﬁbf CNETOERICE T BB S
&@k%%@%ﬁT%ﬂLtéw%mgzzzmmTOW%ﬁﬁﬁmEﬁﬁ—ywﬁu4
ORE (F1800°C) WELBOEBAEHETOBEMIZEC ST, FNAHEA 2REMRETH
FSIC & - THR L A EMORBIR 2B T N3, 201 DRIEBHOBRET TH
n, T3, WELefBORE (Fi1950°C) BT TR B T TR D,
FNABZBEETR ZOMAE 00 tmEBERLNL2E TRONGEAE TH L, D 1 DOHE
BEEIAR LA WEMORAHBEH TS Y, ITNEIHEBEAZRCEBEEAR VI LE(La M
2&BESPFFET LB, 00 (46003 OREEL THEREFEBCT &k g

UCAERETH 5,

SHAFERE L f- FZERD 5 B Test No. 810 —8i3, FIRsN/c ML HF THEEIER H1950°CE £
DR AQS -7 bDTHY, RARLE CHBRTHIERMA T L7, Test No. 810 ~9 KT 810
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—104%, FIREN/-B LM THETERE 1800 ~1950°C D fHIR 2T 2 12 0iTiT - 12 38,
BI0 -9 TRHEME MIEC 7, #nL HEBIOBEEOMEY 810 - 10 TIEREMM T THRE
BITHEL 5 i, THLOOEBRICEL THESBESEABRLIT, BEET LRHITESORE
FHAHEICT S FPETH D, :

Table 2.2.1 Test conditions in severe
fuel damage experiments.

Energy Amount
Test No. deposition of Adir
(cal/g-U0y) | (cm?) (um)

810-8 | 250 n265 | w15
810-9 200 w350 | 20
810-10 200 n265 | w15

=] |
'L Inner Copsule
./
_L-Quter Capsule
| Water
]
| [| 4 Tesl Fuel Rod
. ’/,,»f”’//f {1 Environmental
Cladding Surfoce™| Gas
Temperaturs
{Pt/ Pi-Rh)

Fig. 2.2.1 Schematic of test capsule and instrument.
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2.2.2 REMEEE (B &K FHR EX%

(1) # %

PLIRBERCH O T, WODBENE L, WEk L REDE LTRSS BRI
LT, 0bhWwaF7YNy FAERKRTZE, TRBSHTETH S E I LI EROEE
ELEATAEENERD | 2TH b, ZDF7 YNy FORHNEERIAT S0, K, S8R
PEESL P EHOTEYDFAERSEBS L, X, B2DOF 714 7 b BsEEGERS
RBESN TS, INOPFAFERICLIFBERLFFOREICHEBTS ETR, EBEOF77)
THOERICE ZBESLETH 245, EBIC UO#E 77 2 H - gin 2o hs s R
MEORMAGL TiTbW/PAERE, KEY v 7« TEUHEN TEBE SN/ DCC EE
DAHATH-T, MHTRSNIERT -7 LOHFAELL G, TO¥H, NSRRZEZHG T, UO:
BE T 7 U A EEELSEGTHMAEITV, 77U Ny FO R4 7 v b EEARHS 5 ER
REB LI, SHRBELF7INTEDF 7Ry Fit L, BNEH+LEZ T 2E0EBE
T, F74 79 M BRRICK T T ERG D384~
(2) HEHERUEREZMN

F 7Yy FEERT 5 HEMRENT I, B LU0 L v b AEBEL I L - T,
BoECL DR TEEAZTAZOREH L, SEOEBICAOADE, BDA Yy v aT

0.84mm# o 1.0mmDEICA -7 b DTH L, T OWHRHEAE Fig. 2.2.3 DX 5 it 32mm
OE&BEAFRARMACHES 100mm $ THERBSEF 7 Ny F&Li, FRALAUOERIE
500g, RHEEIF058TH 2, ZOF7U Ny FhOBEER, Kicpalizssiie, A% 1lmm D
e ABIBEINICE O FT ANy FOTULEICH - TH 4, ZAELL TS5 HOFHOETRIEL
7o : _

Fig.2.2. 414, DIEDF 70 Ny FEERAN eI REEZ R L0 TH b, 7
TU Ny FERR#Ec— s Z2RACHBER (RNTER) T, ChERREH 7 rAOB
Hkdic 2k UL TEBRAZIT- /o, WEESRE LA LLHEOL TC2vD T, ATEZRAROSH
IKDEMEH 72 wNOBEKRERMIL LAEHCRETE S, SMFER LA 2Q0OERCS
TR, ARESZNOBEIKELTF 7Y Ny FERORF100mm tETHEKL, KQT oA
T REEHEOT T, NBEBROMRE e — 9 THBOMSEH 100 CICR/E LI, H-T, 7
T Ny FOSHIKRES BRKE, AMBESESTH 5,

F7U Ry FOBEIGHE, Fig 225 TRTEIREBUF7 IVNTRRY Ny FTEDS
DT LT 2B DL L, ¢35, Test No.830 -1Tid, 77U~y FOEBELEL U
B oSk BRATE BEHLL, BEKRBF7 IRy FEALLTF7 U~y FERTE
BABEOH O lmm BB A TBRL, —Hd~Ny FllEEr S, —HR~y FEEHLSF 71
y FHHCHEA LNy Fh& FRE B &0 D &) 5 HRER ORISR EIEM & L, —H,
Test No. 830 —2TiE, F7 U<y Fig~y FERMTL WBEHIAREEMUBOEMAL L, BHK
FXy FEREDS LNy FihitlATE S, #7010~y NN, Bk b3 a8
Ny KN EAEPSHEAT ZEBEBHERELLREE L,

FERIITig. 2.2. 4 iR Lo HE #H 7w % NSRRERILPTERBE L, ¥7 Iy FE
MBT 2 HETIT 70 FI74T7 9 MEHRDOBEIERFRTFENERT o 7IRICER L, 208
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BTF7y Ny FROBEMLF 4Ty it L 0taNEEAHZ TR ER T 282 KD 58I
E 0Tt BOHIMECHRE S - L DEFHRHAOEA T » 7TEORREIEEIIR, 5~38
BELTIT- o B8, F7Uy FhoHAOKRE R, EREORG T, —FEHARFOT
TOF7 YNy FOPEBEE FRROAIE S & PHAEEEROBHLEE & 2 BEKMFMCE
| SOTIT e
(3) EBRERRUVEE

BHKB T T I Ny FDEEH S HMATE B8 L L7 Test No. 830~ 1DEEBTI, KE
BAHCERIELSEESHEATE F34 79 RS Lo, CORBEARGTOFT Y
Yy FEFRE (F7Y Ny FROSHAZEER CHR LA E8.1x10°w/ m TH- 1,
IRICERE L 72 Test No, 830— 2 Tid, BAiHE 416 x1Fw/ m* » 5 6.1 x 10°w./m’ i€ EF L
FEET RS A7 0 MBREL, Fig. 228 3COFERCEBIS577) Ny FROZHOE
ERIEER BT FHAOBEEER LA D TH B, BHEHA416x10°w, mPICREL T
© AREERHSBBRESE S, £ TCOMENTHIEZES RN, BFEHE 6110
w/ M ER LAEBR T 7YXy FIEP S 10mm FAO# 1 BRXUPF6OREGNETH 7
£ 7 rORESBESN, X5ZOUmm EAE TR L, £OF A CARKKES:
WeRETaEcLD, F54 79 O THEES 600 CETRE EF LA, F74
7o MEBETA LSS -, RIT, BREENIA T FREBEFND 416X 10°w/ m’ KR
+HIZED, F3A4 79 MEBOBERRLICETFTLAS, F734 79 FEBE1IAOEBET
MrBEBEDREHE — & Z¥C LA, BEESIEERCED, SOLENETEIAT7 UL
TOR VBRI TF 5479 FHERTAHRME U, 208, BH%E 1.39x10°w/
MEETCFFTEESA Ty VRBRECEBCESZE S, B2 33F L TBREHITE
Ui

PLEDEERMS, F734 79 HBEAHRIRNEIx10°w,/ m* THn, —BErR7AT 7
HELLEBFEEADESDTEFTE/ Ty FLROBSHB L, X, KA -9 EZMic4 5
EOHBIINE CEREFOE(D, FI7 479 PREBCEBRTERCEELE5L5T &055
S A

Fig. 2.2. 74, REBTEONALF I A To FBEE%E, KESHM & L TRIESRE T
b fMOFEAERICL R AR LD THS, F74 70 MARKI 77 TRTEI
MKETEDT, ERF— 427 7VRTFREGLT vy P LAKETHREL, £50T,
kR, EBRF-IYCELEB—HTELLSON TS LipinskiD 0 —DEFWVICLE FFAT
7+ PRIROFBRAFRCR LI, OO TR LADPSEER L CFNER TES 1L
N4 7w FEAREE, AEBITRLAOMN, F 7479 MRESHR X N RED BRESEMA
Thbd, COHBEMG, ERBICLZFNEBOMEIST & L THEOSBRKERE 77D
HA S L TITONR A EBOEREER T — s DE oD EQEHBRT-RL, X
Lipinski® 0 — D E€Fvit £ 2 FHIAE S HRIB L —H S 2 C LD L NI,

F70, K470 PAREZOSDORAIETE L o, 77 EfD O 0BREKOKA%
FdELE-T, F4 79 PEREIRE LFTIRBLIPELNI,
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Fig. 2.2.3 Debris coolability experiment.
(Test section)




JAERI-M 89-097

-.7.\’- =~
Water level ;
-
11 ]
Water [evel ,
in the fest vessel——1Hll 1 | |o
4 ' o
G ™
L=
= | ¥
jﬁ S '§; 1
=M™ iy
= ElEE~
Yl
& ATl fuel debris
21’
a test vessel
[-S test capsule
(mm)
] ]

Fig. 2.2.4 Debris coolability experiment.
(Test capsule arrangements)
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2.3 BHRENER

2.3.1 EoB{t#lEsR (s S, BR A% S8 83
(1 & =

AERY ) -, BPETFHERH7 v oy A -5 YBEEBEY (PuO: —UO2) BED
FOGEEWREE TR EBY 28882 HY 2 C &£ HMi, 804 - BRRERERFEN (F
B EOREIHIRELTEBLAZGOTHD, B 1 HEER (100D RUHE 2 HER (126D £
Nk B, _

%1 HEBICEOTIE, NSRRESHKERME (UOMED LRI—THoESRILY®E (7
wh=wae ZRy MMEL) 2O, EEABRMREOES K LT, BRIy ORIE
LEWERVHEREOMRELEES 2L 2HME LT 5,

B2HERCE O TE, HFEEGRE (ATR) BB EE 0BT JEEE T 5RAER(L
PIMREL (v b= 96« 28y MELBEROE T v =06 28y PR 280, BE
B lnREl DB L 2 B RET o 2 a s ARy FOEBABRRT LI LEFENELL
T,

FIHEROIOERBECHET L, SIEE 2HERI OO > 50 5E+#EEL, SEHRED
O TEIAER L, cTUc kD, S4EHELAE | BEBRERUE 2HERO LS TERT L,
ARickE T, BIPEBRRUR 2 HEBARE L CHE L AEREBET 5,

(2) EBRAH

FHIHERRUE 2PERCACBESBLMRE OARE, Table2.3.1itR37, B 1H
EE HRENE, NSRREEREBRME (14 x 14PWR BUED &sRl—0BAm<tEEE L, AR
DBEL2 Ly P EPu0: & U HIHERBEEINT VR, Fvb=vs 28y FRERE
LT, 552 MESRAMEE, ATRETEFEBE EE—-0BARTEEE L, 5 RKOMK
BHTld 7w b =9 4« 28y PSS, O 7T RKOMENTE, N1y PREICATHICS
Wh=m e Ay FEROMTTH B, Tvb =06 2Ry Mg, BEALVY PR IHED
FE RIS B 400 £m H B 0 1F 1100 po D PuOp 28y b2, HHRAA D TH B, TH
OBMEIDS 5, 4ADBEICE T3 7 v = s 2Hy FEROOm TH O, GO IERD
WMENC BT A 7 h= s Ry MRIZ 1100 #m TH S, Fig. 2.3. 13, F2HEBRH T
ke ARy b AEEIOBRNAE R

NSRREBRIZ % - Tid, TFig 2.3.2CRT LI i, #BE 1 XE2ANHA 7 v ROATE R
HRkD 2 EHED KGHEKA 7 (I-N-DBERXIEAS ) wEEHL, SR BEEI
Lt B, 47 vNOBREIKE, FH - KKE - BAFREHTH 2, ERHFELL
T, BEHEEEREFATAREN (Pt/Pt-13%Rh) 3R UPKEANERBBAELT (
CA) 1 2B DT 1.

EEAH T, NSRRELRICE VT, 2EAT 2O I BAMBHOEEREEL, BEADRE
hTRenEF e R 7 Lk OBBICHE L. BIAITE, REAS 7 fiEe, #EOAR -
~tigbedr, SHHBRSAFERL . £/, o >0 TR, BEo~xLV .y FREEEG
CHik L, [RTHIC THRBBREDLDO(LEMIEERL 1.



JAERI-M 89-097

(3] EERELR
© F1HERGEE

FMERCHS TR, BAB/LORENC 117 ~286cal /g « (Pul: ~ UQz) O EFH DI #,
B452fc, Table2.3.2iCid, ERHEROMES RT. £/, Figs.2.3.3~2.3.4icld, £
B DREHEOABREE LR T,

Figs. 2.3.5~2.3. 7 icid, BEERICHIEL - HBERAETOFEER, HREBITHT 5
BEEdhReRE, RURBREICHT 5EZBRRBEEETEFARAE (o7 2/ vt —F
BITER) 2, T &NWIET 5 UO BESMBME OBR L88 TRY,

BEBIOBROAE, TEE, BEE2PSEORME CHT 5 HFRE, U0 BERBRED
EELBH TR —HL T 5,

EIHERE T LREB OB OHEIEE, 260cal ‘gl LOXKBMBAS A BACRESE
TEY, 255cal gLl TORBABICEOTE, BRBELCTLO, COBIFLICE (255
~260cal.”’g) b, UOEHEABRBMEIOGIE L &l (253 ~264cal/g) &¢—HT 560DT
H 5

Figs.2.3.8~2.3.9iC{3, R LSRR HOABK UMEOEEEZR 7. BEOHK
iz, HBRE THMORAM 2 7 v 70k TEUTH, HEER, SEERIEE bIC—8E
Atick AIRAAEHCLTEB0, BE2 7 v 7 E@EAMELAEAIREL T, TOBEEE
BRER, UOZHEBBEOEEL2<{FA-THH, WHFARE, HEE OB {bick 28 s
AAbick AHEEEOMIECSH 5,

Wk, Fg. 2.3. 400505 E51, HELFVELD EOThICEHV 267cal ‘g DREAB %
5 Z 18NS, FERiC T2 DIl L Tud, 2R3, ERE, BEANIS St HAL
FRETH » 2 7 KL OBRICEH LT IBORPFCL-> TEUAL D LI NE, BUS
i, TRE0BF0286eal g RAELSGACEBENL, QWL TCE5Y, Fig.2.3.8icAoh
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Table 2.3.1 Design characteristics of Uranium~Plutonium
mixed oxide fuel rods for Phase 1 and 2 tests,

Phase 1 Phase 2
(U,Pu)0; Pellet
Diameter: 9.31 mm "12,40 mm
Length: 13,0 mm 13.0 mm
Pu0; /(U,Pu)0y: 6.3 w/o 10.0 w/o
(23%py + 2%1lpy)/Pu: 74 w/o 80 w/o
2357 in U: Natural 10 w/o
Diameter of artificially None None (5 rods)
made plutonium spot on 400 um (4 rods)
the pellet surface: 1100 um (3 rods)
Zircaloy Cladding
Outer Diameter: [0.72 mm 14.50 mm
Wall Thickness: 0.62 mm 0.90 mm
Fuel Rod
Fuel Stack Length: 110 mm 117 mm
Filler Gas: He He
Gas Pressure: 0.1 MPa 0.1 MPa
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Table 2.3.4 Comparison of the failure thresholds
of NSRR standard test U0, fuel,
Phase 1 test mixed oxide fuel and
Phase 2 test mixed oxide fuel.

(1) Fuel Failure Threshold Energy Deposition at Axial Center

Standard U02 Fuel: 253 - 264 cal/g
Phase 1 (U,Pu}0z Fuel: 255 = 260 cal/g
Phase 2 (U,Pu)02 Fuel: 215 cal/g

(2) Fuel Failure Threshold Energy Deposition at Failure

Location Considering Axial Power Distribution

Standard U0, Fuel (1.06): 268 - 280 cal/g
Phase 1 (U,Pu)0; Fuel (1l.1): 280 - 286 cal/g
Phase 2 (U,Pu)0,; Fuel (1.3): 280 cal/g
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Fig. 2.3.2 Double capsule container for mixed oxide fuel test.
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Fig. 2.3.6 Maximum measured clad surface temperature of the mixed-oxide
fuel and standard fuel rods versus energy deposition,
(Phase 1 tests)
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Fig. 2.3.8 Failed region of a mixed-oxide fuel rod
after a Phase 1 test at 286 cal/qg.
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Fig. 2.3.9 Cross-sectional view of the failed region
of a mixed-oxide fuel rod after a Phase 1
test at 260 cal/qg.
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Test No. 702-4
{ 215 cal/g )

Without Pu Spots - Failed

Test No. 702-9
( 216 cal/g )

With 400 pym¢ Pu Spots - Not Failed

Test No. 702-12
( 216 cal/g )

% B

Failed

PN

With 1100 um¢ Pu Spots -~ Not

Fig. 2.3.10 Overall views of mixed-oxide fuel rods tested
at 215 and 216 cal/g in Phase 2.
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Test 702-4

Fig. 2.3.11 Overall and cross-sectional views of a mixed-oxide
fuel rod without Pu spots failed in a Phase 2 test
at 215 cal/qg.
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Test 702-8

Fig. 2.3.12 Overall and enlarged views of a mixed-oxide fuel rod
with 400 pyme Pu spots failed in a Phase 2 test at
236 cal/g.
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Fig. 2.3.13 Calculated axial power distribution in a (Y,Pu)0,
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fuel rod for Phase 2 test.



JAERI-M 89-097

24 O

241 HEEAHITES (B &k R %
1 & =

KEE VY — OB, BEOHRAFEE =V 7., 7HBED L AERCERTEE
Bh 7RO bORBFT- 5721828 ThHhb, Aifficgl ks, SBERE LT), ~
=Ty TREERCEHTLIBHA T e v EET D TEREBEOLDO AL, F
E Ul 2 o THETEED LR, SMEHEROWENRA E ok 5 RN
5B,

SEIGETR L 0 S o LVEFDBENEOECICE 2B A&7, FNEBE R
HIAE 4.0~8.5MPad i E By, 6 ROEREEMBL K.

(2) EBHk

Fig. 2.4. 1 it KFBRICER L - HB A T v R UPEBRTEOMBLRT, Wy 7€ vid,
WET2mm, ADHDSI L0mmOEFEEET, MEOAEZ 2.4mm & L, HEBEH#EEE,
DRER A 72 v DB BB LASNSRRAF LG & —HE WS LS ICBEE L. AA T &
WMICEREROARZES 7 vEH e, HEIZ120mm, RODFESR80mmTHY, ZOHT,
WERA e id EED FPH»S 3ROXFHBICL O P SIBICEE L,

ERIEE LTI, WEH 7 e vERC FEREALBBEWMAY, O X - THEHEIE
B REST LEREDRUATA T2 v NOKSEMBR EFon, #72w EHROAFZE2EEIC
T L THETLKBEALEZRNE L, £/, A 72 vOEREIEELZMS 01, NEA 7+
WRUAEA T v DEFTICEY — ORI, BNRELRIE L, g4, BEF—5 &L
T, A7EnvHETOKEBHAIEL T B,

(3) EEREHELLUER

Table 2. 4. 1 iCHTEAE TCER LARHE LHICSEICER L - HBREROBELRT, 2O
FOBTAEFE L ©id, Test 260 —7 5 Test 260 —8F TO&H6[ETH B, Test 260
TRF260 -8k~ T, MIMARNIE SMPak TO7F—# 48U, 25, BEAEOEELH
T B eI AN % 8.5MPa & fRfE ic R E < LB K % Test 260 -9 R URIINE
% 0.IMPa & Lz Test 260 — 10, 260~ 11 %47 - fco F /o, Test 260-1211, MBI O BEED
HFELFRL DI EHEICBOBREICL > TT- 6D THEH, FHSOREcL D, &
Tt EEDE P, Ps D F — #3185 0o T

Fig. 2. 4.2 34 7 VETHIE Lo elgd & ik U2 EHEE A PO v — 7 B4 3214
NECHLTZa v b LAEbDTH B, 2o, BEFEAED iMPaliiE TIRREORE
HhFoEDHONT, NEHMPabll b THIH THEDEESER 25 HRE 054 Ui,
fot2L, WESMPadB&icE v T, B 460cal /g U0 LIF TIHAMEDEE IEN
T, REE 493cal /g-UO: DESICDOAR ZHEHFRIEAVE L, TORBEIAZVIEED
BREAOREE, bl 3D UBHEERE -TED, 9, Y RBRERICE1 OEH S
I, Lo 0ms BN TE 2O SAABE L, BLOEH S LZDE— 27 {E
i3, FEEH460cal g U LITOESICE LI DEREL -1, B2OREF AN



JAERI-M 88%-087

FEHEICREEEEL - T B, MEFIERNEA 85MPa & L ABREOEBEAICE, v 2 BEE
BT LoFOEAN N ZADAEL, FREERO T DBOEOE /N v A ME S,

Fig.2.4.3 3, #7 v EHO T a# R (R OFEFRIFNORME LM : v ¥
SR EAMETIAE N LT T oy P LASDTH R, THAKELTD, BBREHE—7(E
DB G EFBICAED AMPa bl T T8 HEBM/NES {, 5MPabll bk THIE L5 ICf D #i
T2 FEBRED FFABEEICE - b, 70, BEEOEECHO TR, SHCEBRER
ZHABOTEEERIZRREDSNE a1,

PLEDEERS S, BREARUKETO TN GBENENE A5 AMPafl £ T, BEAE
ik Z2EBEHTVIRETRAB VN, SMPall Litis 2 LNF FRICHE > TER LT i
WhHBNHS DI 1o,

BN FSMEEBRAS 72 v OBERIE, BERBELAHO TT- FKESPERT EREE
CLROMTEBRHEROBRIESOTITOIBCLLT S, /L, NSRRERTHATS
BHEREOTANT X, BROBBEDEAILZ LD THS AMPaTHED T, HEDFBR A5
LEHMTERL /- 8.5MPa IEDERE, EBOFRBLHEFHIARE BU-TV D, - T,
HHABAOF -y~ & LT, SMPaliE#MEHCL 57— TEEML .

Fig, 2.4. 4 &, OFFig. 2. 4.5 14, BHBICEBL - F— 7 i 58O F— 7 2MA CER L 7B
BIELEEE /S DB H T — 5 N R ERFTHBERLACSOTH S, Hatahigig,
#D NSRR EE A 7 vt THRBEEZN TV HEEFE UL F-y mEagd s L5
FEDI, REOKBHEMEERB S 7w rvii s 2&FFEIC -~ BEETCHL Tizd
L& b2 eM0, T/, BENT v FERAFOHL TR, FFHEEELLO
2%, SEENENS320cal /g UOEI T OB & L THEROMBEERS B L LT 3,



JAERI-M 89-097

Table 2.4.1 Summary of major test conditions and results.

Test | Fuel Rod | Fuel Energy Capsule Pressure (¥Pa) | Mechanical
No Pressure | Enrichment Deposition Energy Conversion
(MPa) (%) (cal/gU0z) P1 P2 P3 Ratio (%)}  =*x
260-01 0.1 20 140 -- - - Fuel did not fail.
260-02 3.0 20 363 0.866 0.45 0.35 0.04
260-03 3.0 20 454 3.83 [ 12,40 6. 80 0.18
260-04 3.0 20 439 4,61 14, 80 4, 8% 0,17
260-05 5.0. 20 456 3,38 4,22 2,05 0,11
260-06 5.0 20 493 3.92 5.73 1.93 0,12
21.004 ] 58,50+ - 0,28+

260-07 5.0 20 402 1.78 2,46 1,93 0,15
260-08 4.0 20 404 2.41 1. 11 1.10 0.10
260-09 8.5 10 414 28.3 77.7 74.0 - 0,43
260-10 0.1 20 388 3.25 1.40 1,50 0.08
260-11 0.1 29 460 3.08 5.25 3.35 0,13
260-12 5.0 10 392 4, 20 - - -

261-01 Wtlgd* 10 206 - - -- Fuel did not fail,
261-02 Wtlgd= 10 314 3. 80 0,60 0.30 _ 0.05

* Waterlogged Rod
**x Verified based on P2, assuming adiabatic compression of plenum gas in the capsule,

+ Maximum values of the second pressure pulses




JAERI-M 89-097

i
18
i Quter Capsule Water Level
Pressure Sensor (P;) ‘
"‘:‘:.“'_4”
[Nl TC (T
Pressure Sensor (Pi) B = /////
Inner Capsule Water Level
— 1\
| . A
o i | Outer Capsule
aQ I .
A ,r’////
/’////;/,/////ff’ ; ‘ga////,/'lnner Capsule
T/C (T)) _ '
TC (Te) +—] | Test Fuel Rod
=l
A Sl
—17i] —”—J
Strain Gauge / |
i TC (T
18]
72/¢
Pressure Sensor (P;) S

Pressure Sensor (P.)

Fig. 2.4.1 Test capsule arrangement and instrumentations.



JAERI-M 89-097

Energy Deposition (Enrichment)

L 363 o 404 cal/g+U0, (20%)
O 393 ~ 414 cal/g-UO, (10%)
A 454 ~ 460 cal/g U0, (20%)
[} 493 ~ 499 cal/g-U0, (20%)
a 493 cal/g+U0, (20%): 2nd explosion
30 ~ O
N d
10
E [ [ |
g [ A i
: R
3 o
1]
[45]
& ®
oy
Gl
1]
/A 1L
i @
0.1 | | 1 1 L
0 2 4 6 8 10

Rod Pressure (MPa)

Fig. 2.4.2 Peak pressure measured at capsule bottom plotted as a
function of fuel rod pressure,
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Fig. 2.4.3 Mechanical energy conversion ratio plotted as a function
of fuel rod pressure.
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Fig. 2.4.4 Design curves for peak pressure and measured data

plotted as a function of energy deposition.
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Fig. 2.4.5 Design curves for mechanical energy conversion ratio
and measured data plotted as a function of energy
deposition. ' :
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2.4.2 ZFEEBMEER A RKE, A8 HR

ARB Y ) - ARMGEBEREOBBBOEREHTHE L, E7vEENLDHITITHOAT
BO, "S-y Sk EBEORER AET 280 v Y HAFRFEE (Test No. 251 v Y —
), PCMIick 24 BEOH/NEIEARES 57200 ® v HEHFEFEE (Test No. 252 21 —x),
RU, BFX-VAHERBEECIOMT TITOHBEERNERXE (Test 2532 — X)) wn¥
SN B, S, KERRATEERE 19 (Test No. 251 —3), NEEAEEE S 2@ (Test
No.252-3, 5), KU, #EEEAEER% 2[M (Test No. 253 —11, 13) iT-72,

(1) RERZHEES (2651 1) —X)

© #® =

AERTHE, FRETOEFY— JAFELEER 24 T2, LVDT (Linear
Valuable Differential Transformer) # fIE LAEF 4 adiB L, MEKEO S E
BOBELS AN, EROBRELM L+, 0.2~03mmD 5L NAEREL, BHRIEBT
- P OFTHRRIEORR & 12IF B L,

@ HERKE

RERBREND, 10BEM <Ly b 3 & EOMEFEIC b BIRMO <Ly P& 1E-J0EL ZER
Mob 04, MHINIEE 1L.3MPa € §1E U, BRAE PR 3 Hah SAER € v
ARz, SEGALAYHid, LVDT O3 74 Sk ERREN LHBEREIE
BASET AR TH D, NALETELAT ROy LRBULD, NAERICKTT 2
FOEIEA ., FOfth, Fig. 2.4.6 €A TEICHRENAE 3 ML BEAEFE RO 1, 58
BRELIT 134 200cal g » UQ: O FEE A 52 7o,

@ EEER

Table 2.4. 2 CERERLEH L TRd, KBER Y WARN EABERD SEE—EEET
BEek L, 0.14~0.31mmiT&E L. Z DO & AEE130.12~0.24mm. s TH » foo £/, #
WMERHIREALITHS 10000C~b00CTH- . WHEDRERME LS COLOKRTEFig 2.4.7
Rt HAERIEEHT Fig 2. 4. 8 AR TRKERRAERDOPP LATHEASLC N (HNFLD
) ET LT,

@ m & ‘

AEBROBR vy OEEFRICLLBETEZT L LU HETDS C NEBHE
45 EMHEN, FLEENSBELNEREBLTEI - ETHsT b0 L
P LESROERTE, BEEOSINEMNNE L, FLERSCNEBRIET» oA THE
ABCFELLREUERBIRAEH AL st $/, e+t K20 DH TE
i, BEERIT- A TENEOEIC T 2ERERS Y, T EFCEOCEMEENL TR
VHEHETCMOMAY T 2, BRE EHOPPRIVERE VY PREL LD
DERONGE, TOXNSUERRCE DAIEFTOL L NANECREEHF RO TED,
LVDT a7 45 HEHBEICEERET 5 TR IERNICER WY, B8/ NE(FE6FDTX
BEIZLETHEH S,
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Table 2.4.2 Summary of results in Test No. 251-3

Energy deposition

200 cal/g-U0y

Rod initial pressure

1.3 MPa

#1 500°C (0.4 s)
comperarare T TR TR 1000°C (0.8 s)
#3 800°C (1.4 s)
#1 (Transient) 0.31 mm (1.27 s)
(PIE) 0.35 mm (AD)
Cladding deformation #2 {(Transient) 0.29 mm (1.52 s)
(PIE) 0.24 mm (AD)
#3 (Transient) 0.14 mm (1.4 s)
(PIE) 0.25 mm (AD)
fil 0.24 mm/s
Ballooning speed #2 0.19 mm/s
#3 0.12 mm/s
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Coil

Extension Rod \ Lead wire

Fuel Rod

Connecting Plate

Core

(a) Operating principle of the deformation sensor

_ﬂ

Thermocouple #3
[

Deformation Sensor
#3

#2

#1

(/14

Deformation Sensor #1

Pressur sensor

(b) Test arrangement

Fig. 2.4.6 Measuring instruments in Test No. 251-3
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Fig. 2.4.8 Post-irradiation appearance of test fuel rod
in Test No. 251-3.
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(2) PNEWRIEFER (252 v — ) .

SR, B -V8 4 TOEFE €y v EH O IZEER (Test No. 252—3) RULVDT #4 7
DEW+E v+ %R 7-EE (Test No. 262 -5) D2 0D EBATT-F, 22D54 F7D &Y
v OEBRAFig 2.4. 97T, (aDBF—I9 1A 70V EHBEORMETSA YT
FLDERELTEASGGDOT, EEREHATECH L2 onEREEL T 5, —F
LVDT #4 70 & O, EEBEHEET L4 v~y FEELERAEE s 7 ICELBHHESE
Lo T b,

AEMENT 3, Test No, 252 — 3% FTest No. 252 ~5 KB T, €1 F 1 171cal /g+UOq,
253cal /g~ UQ: REB A5 2/, EFEBORIERL, Test No.252 -3 H VT IIRIES <17
Zf2#3%, Test No.252 -5 T, FHEICAANRT oy F8- TERLULE, 2RGBER
FEORIEITA 1o EITFTld Test No. 252 -3 D EDHAIHS 5,

BEHE O R bR, BREEZR O BHOBECE LA2ZEE v +id, Fig 2.4.10i0R 58
i, SR EREHCEENEEE T LIS, S Y75 ADRBICE - TAS CRBLTO S,
REID DS A2 & A EENBENEED &, TOBEATOERE, 0.02~0.06mm 2L To 3,
L+ &0 ETICBmm N/ NECHBBEOEREZEY - VEROTHEE LERT
i, PRIELTBLZ002mm HUOERER LI, BExL .y FOPEEFROEFI
GAPCON—- THERMAL €74l /o NSR— 77 0~ Fit k3 & ©— 2 E#ICH 0.03mm D
BaFHELTED, ZHELFEF-HLTV5, Lrl, ERE/HORBIIIFERCKI O,
470 342HOT, REE/NZSTELDIREIA ¥ 75 6052 EREIEERN
VRE TRELS TELESDYD, DA 7Dy HECH LIECBEEEONECH
VAIRALEBLLND,
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(3) #EE EHIEER

WEEORAEERAES - VAHBRBEE RN AR L0EIET 5 ERE, 5152
OfT-7co ERICHERALAEY -V, 200 CUTOREEHR TCOANEARETH 545, HES
REA EA-+ 2 L8O PCMII & AR IO AEEEEHE, F v v vic KD #IE» i
TH %, Fig 24 11T BEGEOFIE LT, Test No.253—- 11 TOHBE R - HBEXZRER
DBEFALERT. BV, H20ms TERRL TV AH, Nzl hE@3FFERCED
5, PCMIZ X2 #BE0AFLBEESTEEIN T 3,

SHIT- - 2OOERE, BEF + o TREBRUEESY » » 7#EHT, $160cal g« U0,
DOREBESA, TOBEEBEHFHEH~IGOT, 2hTNN0IB R 0.5 %D EFAE
ekl T, TOREELTable2. 43T &3, WHEERMEERILER S ZFRCES
RLTORN, HEEEBRRREF v v 7HEOES, EROBSLEXTH 2/ LIRSS
THEH, PCMIC L2 BEOCELBEHECY v » JIWRETAERAE TR LTV 5, HEER
i, Fv o 7B 1HBNCALTLEYAOHRNERTH T VENFOLODNTOVEDEEZL S
hd, SEDOEBRELZ CNE TIRIT- THRAL D VY —~ ZOERER & k4T Fig. 2. 4.12i
R TestNa252 —11DFERIT, T3 F TICiT» CRABEEREI TOHBHEE S 33 —HLT
B, L LIEWEAEBR TILGAPCON £ F vit K B3 NSR-T7T 37— FOBFEZECERES
FHLCED, Aernrtdsl ) LEBORAEE CHERT 2ICEB~Vy FORLEEZZER L
KBPBHBEENLA D,

Table 2.4.3 Summary of the results in strain.
measurement test

Test No. 253-11 253-13
Fuel rod type Standard(0.095mm) Narrow-gapped (0.05mm)
Energy deposition 155 cal/g+U0, 156 cal/g+U0,
Maximum cladding il 0.377% 0.37%
hoop strain #2 0.217% 0.667
#3 0.307% 0.67%
Maximum cladding {1 1070°C 1050°G
surface temperature| #2 1040°C 1100°C
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2.0 ¢
Standard fuel
(Calculated peak strain
1.5 [ by GAPCON model)
Q )
— / t
- Narrow-gapped fuel
= (Measured peak
5 1.0 strain)
[7a)
o .
S Test No.253-13 o
T Standard fuel
2 (Measured peak strain)
=
% 0.5 I Test No.253-11
[
/
/
0 } [ (|
100 150 200 250

Energy Deposition (cal/g.U0,)

Fig. 2.4.12 Cladding hoop strain obtained in strain measurement
test series as a function of energy deposition.
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2.4.3 HRERAEFER (WA 85D
n # =

AKEE YY) - 3, ERPEOEBEEBRURIMOBBEEAER L Vv vROT B
ET AL L TRHTSFEEMETSLLEZHNE LT 5,

ML Ci, ESEOFE & e 5ERORCEBEH~5 LR E, NSRRERCE
AHBMITHBST EHET S HOEREIT -, TOHE FERow v L DO g4
WVRIDES v =S 2D Y YO HBRBROEEMNSO L0 EMERI NS, F
72, NSRREBR BT 2HBROTERAE T PGB, ONBRNEET B0/ 2 >~
FOERUVEBECEIHEBEINT -7,

A, BEBOWESHIIEAS L TEFLATE 2 20T, BB 79 oM
FET HEOE FAME T 5EB (Test No. 105 -3) EMEBE ORHBOSZEAIT T 5 HE (
Test No. 106 —4) %1770, F72, RE LAty HiCH T2 HROFERAH~ZER (
Test Na 901 —3) 1T 5 72,

2} FEERGE

SHOERTIE, EREwCaEERHOKMH1 72745 &, BULEEROBHER
A7 0T VICMAT, B4 =5 v2DVa—-FRHEy 2T 72RE Ly 4a 2
BHERA L, (O2BEDL YL, 4—ErZafafl (MCE) BRibs—ty ¥ =s %
v R (MMEBY) THO, FHobRRBOHELAMBBEIRECEE LT, BiEdhiE
FTABEIET ARE L, #iEoiEs Fig 2.413kFR3, CNETHERBL T TER
DTN THRABOEESN DL L, RUKBEL CEBUOXFRCEE T LY

EHEmHT A0, KEHA1 707 3 VICERTEBA V-5 v 20E VL ZEEN
NENWCENEDEHBEHET L IIDICEREIT -,

ST - BB OFRME Table2.4. 412, 7, AERO 72y 7M% Fig. 2. 4. 14178 3,
Test No. 901 — 3 i, v Hiewd 2 0 ABNBORAHEOEELFENLLODERTH 5,
HEERMEIORE ERLFE LAR, IGERS TNt v, BEPRUFKEANRT v
AME AT Fo HL, EBRBEIROEL -7, COERTREN ZRARICET 4 [§K
LR AT, BRBICRET S/ 1 XE£TH L7, Test No. 105 -3id, #EE 75y 7 H
FAd 4 HBOTEESERBTEDOERT, ERBHORBBIWHIEL *HAEBZ 5 275
cal /g U0 & L1, 70, EE#E S L TAHE 0. 12MPadiE#EHC E it ATt b %
HotT, AEETORLA»PSL2 7 v o BEOKRAZHAILHBTESLIITLI, Test No. 105
— 413, MEREORHBOTEESERNT I DOERT, BMEALEIR 1.3MPa, R#E
13 235cal g » UQs & L7z '

(3) EEER
@ mEROEE

EERBEIAERETIC, A7 OEE & 0 ARG L2 FEE (Test No. 901 -3) € &
FEMMEBRUMCRE vy DOHENIESDH % Fig. 2. 4 15md, bl 710w v+
OHNEREZBFRICHE L bDTH A, BB EEEFIC 4 XBRAE LB D
WEIFIL T B, CHIHFEBMNL /A ATREL, BEBCLFEELTHL LEL LN 5,
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PR EERE v O BMMER U MCRE e v+ L0 bR, Fig. 2.4.16 13, BE
DHHERIT LS /7 4 AORKER T/ 4 ROFEEE LR THEHE IO E— 7B EORERERL
tebDCTHb, CORKBOT, /4 ADREIEHFEHHEOELELEEE £ DK
FOEERLTED, ZOTEPOBMRBTORBCHO ZCRIMMEXIIMCHEEC S 2
BAYE-—FvRBEOE L HDHBEL TS EBRHEIT o0,

@ BEREFOHEER

WHEWC 77 v 7BRETLBOEBAZANET 2 - HOHEE (Test No. 106-3) KEiF 5
BEAE O IES % Fig. 2. 41T RS, BP0 vz Eils SERC LR LERER, v
ZBHE% 0.3s 5 0.6s DREIC EBUCIHD LT b, TORFEORDIZHEEHSIHE L TH
DOZ[AEPHHESNA/ADTHD, TOT & SHWBE G Vv X B 03588 LA THE
Lt &bk 3, Fig. 2.4 18U Fig. 2.4. 1913, N FNMMEE U MC B v+ THlIE
LIEBBESTH 5, SN0 FETEBESOEBMEL, TREZOBBHANTOESDH
HEAMAERL T S, 2B EEEIC (t=0s) MME & v+ T% 80mbar, MC &+
¥ TH bmbar DIRIG A F >RSI QREEESREL Tv s, T, BEICED BEHEC
LHERMIL /A X ThHBH, t=03sDEETHBEHRICL S/ 4 X FNFE 0 T00Hz 95 1.2
KHz DT ©— 7 2E->BRBSERELTO 5, COFIR v 2 BHELI10s $ TEHEHL
LB LT, 0sOBETRERCHA TV, REATOREEL, SHESTEIRE,S
FO3s OB THIR LAGDEEHLIEH, t=0.2s »5 0.6sOHH D E BB ET
HEANBFREOENRRONE ot £/, COBMEHOESA2EKEIT LI LT A,
BgE R4 LD REEEAMOELEIRD oL o T,

MEME ORI ITL 2 WROE % {ITE 4 5328 (Test No. 105 —4) T3, BEHECMMA
v TR 20mbar, MC&+ v T Tmbar OIRIBA D/ 1 A FE UERKTEET
BRE—EDORIB TR/, O/ 4 XDEEHMRSERNIETH, £y ORI L
—HLTEDODDPEFTIA M/ A XEM Tty AERTE, TO/ 4 JICIHESNTH
BEOWHNET FHES NI 1
M) WEEEEETORIICH T R

g T, FROKDEEETIHICE - THEFOREEHALY, SHIBEKDOEE
Hamtd oo @EMie v 2EEL TEBCH VI, il BE CRo#BED) «
Wi 2AIERROYE (WHEEDOWIES) OUFE, MLS/NEEFEEEEELLEFNS 18
DTHb, HBEDPHRTFIRBHR IC L » THERPIZE U SIETIREITH 0, ZN4E2KPTHRE
T 358, MR OFEAEE SR NEEET 2 OITHYRRETA LK S, £C
TS/ NiLDR EDfiwicid, BT EZEETEEEXRHT 2 FEBEM TS 5.

COFEZRESOCRig 2T 1 RIS vy 2EMEL THB L PEEEImE S
i -t TOFERAE L TROL S HEE LORBEEHFEL ONE, E—HEERENE
EWEERIIC y Fy XU TOROTREE,. BT ENRP Sy —2&2EL T v 4R
4 L2 EHKOHIRBETRC 02T HICHT 2BEPEL LA KRB ZICr — 2134
EATKICEA L T2 OBBEENr — 22N L T v Y ICEE L THET &8 oa gt
H%,
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Fig. 2.4.13 Schematic of MM type and MC type acoustic sensor.
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Piezoelectric type sensor

2200 \
mbar \**\h

Moving Magnetic type sensor (MM type)

Moving Coil type sensor (MC type)

uuuuuu

Time after pulse irradiation (s)

Fig. 2.4.15 Output signals of acoustic sensors at
pulse irradiation. (Test No. 901-3-4)
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n H &y

B R O ORICE BiEE ONEREHEOIEEH ORA LT D ovic, NI TE
EESES T e EROTIN0EBRAEmL, CAGOERICLD, RBEHORMAED
220 cal /g« UQ: Tit, ERIPERETORESATE LRS84 (WAEZ - 1.15MPa K
LY BRI TR A LR A4, WIEASNEATEABE IAEE: — 1.2
MPa BITF) iTid3- { AL AstE € BRI U0 T E 38 S I07E » 1z, AlElid, ERYIE
ZETORNTEET L LB ORIBHES AT ~2 2 OEBRRUBE O L CNERIONT
7L F A EOREBET NSO DEREIT -,
(2 BT

SEEE S T B, BEBEN % 139 MPa, AEMEEE296CE LT, 215cal /g
U, ORMBERATAIERAERE L, FRTIE, AEHEVR7T L F 2 HOBEEEL
72 3 ROEEHES £ 7 2 oI U TR ICBHE E1T - 10, ERICEY 5B OEE, WA
EETEENED-POBRSHONE, 5LUSESEH 7w vOfEEFig 3. 1.1IKRT,
$7-, CHETOERLSY, SMEEBEOZR IS HIE, BEMOES, BREEOERE
% Table 3. 1. 1 TR,
B FEBERRUOEE

SEREER AT - 7o OAB % Fig. 3. 1.2 1877 .. EBRIHES TORALEEELL
LMmE BT, 2RO THTHE BOENSEL T, £, 7w+ s HoEE 2/
LB TR e ChitEE ASE LTV b -7, OFNOBREBBCOBHRRR oML 5T,
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@ #HATOELEH
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Initial pressure difference : ~0.0 MPa

Initial pressure difference : -3.9 MPa
1/2 Plenum voiume

Initial pressure difference : -3.9 MPa
1/4 Plenum volume

Fig. 3.1.2 Post-test fuel rod appearances in Test 1210.
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Fig. 3.1.4 Diameter increase of cladding as a function
of initial pressure difference between rod
internal and coolant pressures.

® | 600 calculated by NSR-T77
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Fig. 3.1.5 Maximum cladding surface temperatures

as a function of initial pressure difference
between rod internal and coolant pressures.
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T Water level
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I | —r ap
‘ \,\ ) v

Glass tube~_ | Lamp

- d| || Periscope
Fuel rod~. ‘

1 | Guide tube

Fig. 4.1 Test arrangement in Test No. 600-21,

7—Water level

—— Fuel rod

—~~Void hox

Fig. 4.2 Test arrangement in Test No. 600-22.
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Fig. 4.3 Spatial distribution of temperaturé at 2.8 s
in Test No. 600-21.
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2.8 s

Fig. 4.5 Pictures printed from motion film taken in Test No. 600-21.
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Before irradiation 0.42 s

0.09 s 0.93 s

0.14 s

Fig. 4.7 Pictures printed from motion film taken in Test No. 600-22.



v%

— #3

2

T/C
#1

o

(Periscope side)

Fig. 4.8

EA

SANIR
S A v

DN P o o)

i

JAERI-M 89-097

Top

= 46

#4

#5

Bottom

o

{(Back side)

Side view

(240°)

(300°
T/C #1
400

{Back side)
(180°)

#4
190°C (120°)

490°C

800°C
(60°)
°C

2
520°C

(0°)

(Periscope side)

Top view

ITlustration of the post test fuel rod appearance and

maximum cladding surface temperature in Test No.600-22.



JAERI-M 89097

(MaLA dol) °"ZZ-009°ON 3S9L Ul pod [3n) 3S33 9yz ul uoiiLsodep ABusus 40 uoLlelseA |eyrnuLzy 6°p *Hid

o0

9p0d NOILVIID YiTs palewWIjse
UOTID9ITP UoTjlTsodop AB3I1duo ummExel

.09
. 000€

uotlisodeop £A810ous BATIIETIY

_——

20T

9p0> NOTJIVIIO UITH palewpisy e \

2po2 NOILVLID
U3TM P23PWT]SD UOTIDIITP
uor3jrsodop £3avous wnwrury

£a3pwo1700ds-A £q peanseey () - 08T



JAERI-M 89-097

5. BT 2 — MO
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and measured data; 275 cal/g-U0,, 1.0 m/s, 20°C
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Table A-1 Characteristics of NSRR

(1) BReactor Type: Modified TRIGA-ACPR (Annular Core Pulse Reactor)
(2) Reactor Vessel: 3.6@(wide) x 4.50(long) x 9M(deep) open pool
(3) Fuel:

Fuel type 12 wt% U-ZrH fuel

Fuel enrichment 20 wt% U-235

Clad material Stainless steel

Fuel diameter 3.56 cm

Clad diameter 3.76 em  0.D.

Length of fuel section 38 em

Number of fuel rods 157 (including 8 fuel-followed

control rods)
Equivalent core diameter 62cm

(4) Control Rods:

Number 8 (including 2 safety rods)
Type Fuel followered type
Poison material Natural BuC

Rod drive Rack and pinion drive

(5) Transient Rods:

Number 2 fast transient rods and 1
adjustable transient rod

Type Air followered type
Poison material 927% enriched B,C
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-s
Max. reactivity insertion 3.47% Ak ($4.67)
Min, period 1.17 ms
Pulse width 4.4 ms (1/2 peak power}
Neutron life time 30 us

(7) Experiment Tube:

Inside diameter 22cm
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