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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 Cctober, 1975,

This report describes the results obtained from January through
December, 1984. A total of 62 tests were carried out during this period;
those are 6 fuel design parameter tests (2 long-sized fuel rod tests, 4 pre-
irradiated clad fuel rod tests), 3 cooling condition parameter tests (2
forced convection tests and 1 bundle rod test), 4 defected fuel rod tests
{4 fretting corroded clad fuel rod tests), 3 severe fuel damage tests, 18
special fuel rod tests (2 HTGR fuel tests, 5 mixed oxide fuel rod tests,

11 Gd,05-U05; fuel rod tests), 18 miscellaneous atomspheric pressure capsule
tests (mechanical energy measurement tests, fuel rod deformation measurement
tests, ete), 4 high temperature high pressure capsule tests, 2 high tempera-

ture high pressure loop tests and 4 fuel behavior observation tests.
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Summary of the progress of this period

(S. Saito 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, 1984. A total of 62 tests, consisting of 52
atmospheric pressure capsule tests, 4 high temperature high pressure capsule
tests, 2 high pressure loop tests and 4 transient fuel behavior observation

tests, were performed in this period.

{1) Fuel Design Parameter Tests
(1.1) Long-sized Fuel Rod Test

Two tests were performed with the fuel rods 38 cm in active length to
study the behavior of fuel rods with chopped cosine axial power profile.
The measured peak cladding surface temperatures corresponded to the axial
power profile with the highest temperature at the middle of the fuel stack,
where the damage of the fuel rods was_the most severe. The fuel failure
threshold obtained from these tests with the cooling water at 90°C was higher
than 223 cal/g*U0;.
{(1.2) Pre-irradiated Clad Fuel Tests

Four tests were performed with the fuel rods consisting of fresh UO;
pellets and pre-irradiated zircaloy cladding, with the radial gap width of
0.095 mm (three rods) and 0.050 mm (one rod), to study the effect of fast
neutron irradiation-induced cladding embrittlement on fuel failure. The
cladding of the test fuel rods has been pre-irradiated in JMIR (Japan
Materials Testing Reactor, JAERI) with fast neutron fluence of about
1.1~1.8%10%' nvt. The test fuel rods with the radial gap width of 0.095
mmn did not fail at the energy depositions of up to 261 cal/g+*U0,, indicating
that the failure threshold is almost identical with that of the standard
fuel rods. On the other hand, the test fuel rod with the smaller gap width
(0.050 mm) failed at 260 cal/g+UO,. The rod broke into two at its lower
portion with melting of the cladding. There was no indication of PCML
(Pellet-Cladding Mechanical Tnteraction) type cladding failure of this rod.
Through these tests, the effect of radiation-induced cladding embrittlement
on fuel failure has mot been observed in the fast meutron fluence range of

up to 1.8 % 10%! nvt.
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{2) Cooling Condition Parameter Tests

Two tests were performed with the fuel rods 40 cm in active length
under the forced convection of the water at 20°C and 80°C, respectively.
The water flow velocity was 1.0 m/s in both tests. The comparison of the
test results with those from previous tests with standard fuel rods under
the same forced flow condition at a room temperature indicates that the
increase in fuel active length increases the amounts of steam and hydrogen
gas generated by Zircaloy—water reaction and that the decrease in water
subcooling enhances further more these effects. Thus the damage of the
fuel reods tested in this reporting period was mucﬁ more severe than those
previously tested with the fuel rods of shorter active length at the
identical energy depositions. '

In addition, a five-rod bundle test was performed with standard-sized
fuel rods (the enrichment of the center rod was 20% and that of the
surrounding rods was 10%) under the small subcooling (water temperature
at 80°C) and matural convection cooling condition. The center rod was
subjected to an energy deposition of 156 cal/g+U0, and failed at its
lower portion, indicating that the effect of small subcooling on the fuel
failure threshold in a bundle geometry is much larger than that in a single

rod geometry.

(3} Defected Fuel Tests

Four tests were performed with pressurized fuel rods whose cladding
has artificially made defects simulating fretting corrosion. The test results
have indicated that the failure thresholds of the 0.7 MPa-pressurized fuel
rods having defects 0.3 and 0.5 mm in depth reduce to about 230 and 180
cal/g+U0,, respectively, from 260 cal/g+U0, that is the failure threshold
of the intact fuel rods having the rod pressure of 0.1 to 0.7 MPa. It has
been also confirmed that the rod pressurization of up to 0.35 MPa does not
change the failure threshold of the fuel rods having defects of up to 0.5

mm in depth.

(4) Severe Fuel Damage Tests

This test series is aimed at studying the fuel damage in a core
uncovery severe accident. From the previous tests under oxidizing and
nonoxidizing gaseous environment, it has been confirmed that the melt-down
of the cladding does not take place even after partial melting of the cladd-
ing occurs if the solid oxide layer thickness on the cladding outside

surface exceeds a certain amount.

B
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In this reporting period, three tests were conducted with non-
pressurized and pressurized fuel rods to determine the limiting oxide
layer thickness that prevents the c¢ladding melt-down and observe the
effect of cladding rupture on melt-down behavior. The test results
indicate that the melt-down of the cladding is prevented by the oxide
layer about 100 um in thickness and that the rupture opening of the cladd-

ing does not nesessarily contribute to melt-down.

(5) Special Fuel Rod Tests
(5.1) VHTGR Fuel Tests

Two tests were conducted with very high temperature gas—cooled reactor
(VHTGR) type fuels consisting of coated fuel particles scattered in graphite
cylinders (18 mm in 0.D., 9 mm in I.D.) with stainless steel cladding. The
average energy depositions given by the tests were 460 and 570 cal/g-U0,,
and the maximum temperatures measured at the inside surface of the graphite
cylinder were 285 and 331°C, respectively. The X-ray photography of the
fuel rods after the tests did not indicate any failure of the coated fuel
particles.

(5.2) Mixed Oxide Fuel Tests

This test series 1s aimed at studying the behavior of plutonium-uranium
mixed oxide fuel rods developed for thermal reactors. In the previous phase-
1 tests, mixed oxide fuel rods whose dimensions were identical with the
NSRR standard test fuel rods were employed, and their failure threshold was
found to be almost identical with that of the standard fuel rods.

In this reporting period, phase-2 tests were initiated with specific
objectives to obtain the failure threshold of advanced thermal reactor (ATR)
type mixed oxide fuel rods and to confirm the effect of plutonium spots on
the failure thresholds. The first five tests were conducted during this
period with the ATR type fuel without plutonium spots at expected energy
depositions of 144 to 263 cal/g+fuel. The test fuels are now under detailed
metallurgical examinations and also chemical analyses to determine the
energy deposition values.

(5.3) Gd;05-UQ, Fuel Tests

Introduction of Gd,0; as burnable posion into U0, fuels is now under
planning for the use In commercial PWRs. In order to study the behavior of
such fuels during an RIA, five tests were conducted with UQ; fuels contain-
ing Gd;03. Six supporting tests were also conducted with U0, fuels for

comparison purpose.
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(6) Other Atmospheric Pressure Capsule Tests
(6.1) Mechanical Energy Measurement Tests

This test series is aimed at establishing the mechanical design
criteria to be applied to the test capsules for the future preirradiated
fuel tests in the NSRR. The tests empleyed fresh fuel rods prepressurized
with helium up to 5 MPa to simulate the effect of gaseous fission products
accumulation.

The test results indicate that the peak capsule pressures resulting
from the failure of pressurized fuel rods are generally close to, and
sometimes higher than, the maximum boundary of those resulting from the
fajlure of non-pressurized fuel rods at the ceorresponding energy depositions.
The mechanical energy conversion factors resulting from the failure of
pressurized and non-pressurized fuel rods are almost identical.

The final capsule design curves have been established enveloping these
test data and the data from SPERT-CDC preirradiated fuel tests.

(6.2) TFuel Rod Deformation Measurement Tests

This test series is aimed at developing the technique te measure the
transient diametral deformation of the cladding. 1In this period, ten tests
were conducted: one for large deformation measurement and nine for small
deformation measurements.

In the large deformation measurement test, a sensor consisting of an
extension rod and a strain gauge type transformer was employed., The output
from this sensor during the test included oscillating signals, which must
have been caused by a spring effect of the strain gauge.

In one of the small deformation measurement tests, an LVDT type sensor
was employed. The output from this sensor indicated a reasonable time
history of relative deformation, but its absolute value was much larger
than predicted.

In the other small deformation measurement tests, strain gauges developed
for use in temperature range of up to 250°C were directly attached on the
cladding surface. The output from the strain gauges indicated reasonable
transient hoop strains of the cladding. The comparison of the measured
strains with the calculated values using the NSR-77 code indicates that the
application of the GAPCON model to the analysis of pellet thermal expansion

gives a good agreement with the measured data.
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(7) High Temperature High Pressure Capsule Tests
(7.1) Pressurized Fuel Tests

The basic characteristics concerning the cladding rupture of pressuriz-
ed fuel rods during an RIA from cold-startup condition has been already
clarified through the previous tests with atmospheric pressure capsules.

In this period, three pressurized fuel tests were conducted with high
temperature high pressure capsules to study the cladding rupture behavior
under hot—-startup conditicns.

The test results indicate that the occurrence of cladding collapse
enhances the heat transfer from the pellets to the cladding and thus makes
the cladding temperature higher than the case without the occurrence of
cladding collapse, and that the cladding can swell even if the initial rod
pressure is a little lower than the system pressure because of a relatively
large rod pressure rise during a transient from a high temperature condition.
The observed cladding rupture threshold under the elevated system conditions
was consistent with that under the atmospheric pressure conditions. The
calculated fuel behavior using the NSR-77 code agreed well with the test
results unless the extent of cladding swelling is large.

(7.2) TFuel Elongation Measurement Test

Two tests were conducted to study the pellet and cladding elongation
behavior using LVDT type sensors newly developed for high temperature and
high pressure conditions. The sensors worked well and provided data useful
for interpreting the deformation behavior. It was understood that the
pellets and the active region of the cladding deform axially in unison
throughout the transient immediately after the pellets come into contact
with the cladding by thermal expansion but that the change in the total
cladding length during an early stage of the transient becomes different
from that of the total pellet length because of the occurrence of cladding

axial collapse.

(8) High Temperature High Pressure Loop Tests

Previous high temperature high pressure loop tests had been conducted
with the clustered rods geometry consisting of an actual center fuel rod
and eight surrounding.dummy fuel rods., In this pericd, two tests were
conducted with the test geometry consisting of three independently-
shrouded single fuel rods (shroud I.D. 16 mm) located at 23.5 mm frem the
capsule centerline 120° apart from one another. This test geometry was

chosen for efficlent parametric test purpose. The specific objectives of

(9)
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the tests in this period were to calibrate the energy deposition and observe
the effect of coolant flow velocities in the range between 1 to 4 m/s in
this test geometry. The fuel rods after the tests have bent slightly

toward the capsule centerline probably due to an asymmetric aximuthal power
distribution in a fuel rod. The effect of coolant flow on the cladding
temperature was much larger in the present independently-shrouded single

vod geometry than in the previous clustered rods geometry.

(9) Fuel Behavior Observation Tests

Four tests were conducted using fuel behavior observation capsules.
These tests were directed to the study of severe fuel damage, cooling state
in a bundled rods geometry, fuel temperature evaluation based on the observ-
ed color, and fuel rod constraint effect.

In the severe fuel damage test, a fuel rod was pulse-irradiated in an
air environment. Because of a limited volume of air in the test section,
the cladding was not sufficiently oxidized, and the cladding flowed down at
a speed of about 0.2 m/s, which was about 1/3 of the flowing-down speed
observed in the previous test with non-oxidizing environment.

In the bundled rods test, three fuel rods were placed in a triangular
position with a pitch of 14.3 mm. During the transient, each fuel rod was
surrounded with a thick vapor film. But there remained the water laver
between the vapor films throughout the transient. Thus the bundle was not
completely dried out.

In the color temperature measurement test, a fuel rod was subjected to
an energy deposition of about 280 cal/g+*U0,. After the test, the tempera-
tures of the fuel rod at various times were evaluated based on the colors
in the £ilm.

In the fuel rod constraint test, the both ends (top and bottom) of a
fuel rod were fixed to the supporting plates so that the rod could not
expand freely in axial direction. During the transient, the rod failed by

many axial cracks, and local detachment of the cladding was observed.

(10) Development of Analysis Codes

The fuel behavior analysis code NSR-77 had been developed with an
emphasis on detailed thermal and mechanical fuel response analysis with a
relatively simplified coolant behavior model. In this period, the code was

modified by introducing the algorithms based on the law of conservation of

)
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mass, energy and momentum of the coolant.

In addition, analyses of capsule response to the mechanical energy
generation during NSRR experiments were conducted by using a modified
version of a dynamic deformation analysis code STEALTH to confirm the

applicability of the code to the experiment analysis and the mechanical

design of the capsule.
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Table Classification and Number of NSRER Experiments

(until Dec. 1984)

Test Item

Number of Tests

Oct.'75 | Jan.'84 Total
"Dec,'83 | WDec.'84
1. Standard Fuel Rod Tests
(i) Scoping tests 46 0 46
(ii) Detailed tests 28 0 28
{(4i1) Others 13 0] 13
2. Fuel Design Parameter Tests
(i)} Gap width parameter tests 16 0 16
(ii) Enrichment parameter tests 17 0 17
(iii) Pre-pressurized fuel rod tests 58 0 58
{iv) Cladding parameter tests 47 0 47
(v) Gap-gas composition parameter tests 20 0 20
{vi) Pre-irradiated clad fuel rod tests 1 4 5
{(vii) Others 11 2 13
Atmos— 3. Cooling Condition Parameter Tests
pheric (i) Coolant temperature parameter tests 22 0 22
Pressure
Capsule (ii) Flow area simulation tests 22 0 22
Tests (iii) Rod bundle tests 15 1 16
{(iv) Forced convection tests 29 2 31
4, Defected Fuel Rod Tests
(i) Waterlogged fuel rod tests 91 0 91
(ii) Fretting corroded clad fuel rod
tests 36 4 40
5. Severe Fuel Damage Tests 18 3 21
6. Special Fuel Rod Tests
(i) USNRC fuel rod tests 21 0 21
(ii1) HIGR fuel tests 5 2 7
(iii) Mixed oxide fuel rod tests 12 5 17
(iv) Gd,03-U0, fuel rod tests -0 1l 11
7. Miscellaneous Tests 77 18 95
High Temperature/High Pressure Capsule Test 16 4 20
High Temperature/High Pressure Loop Tests il 2 13
Fuel Behavior Observation Tests 17 4 21
Total 649 62 711

12
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Fig. 2.1.3 Measured cladding surface temperature histories Test No 234-—T7
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Test No Appearance
234—-6
2341
2348

Fig. 2.1.4 Post test appearance of the test fuel rods in Test Nos. 234—6,7 and—8
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Table 2.1.2 Test conditions in pre—irradiated cladding fuel rod tests

Average Neutron| Gap Width Reactivity Core Energy Energy
Test No | Fluence (X10*' |tetween Cladding | Insertion - | Release Deposition

vt ) *1 and Pellet@md|  ($) | (MW+s) | (cal /g~ UO:)
255—1"% 1.08 0.095 210 335 146
255—2 108 0.095 247 447 195
2553 176 0.095 2.97 590.8 261
2b5—4 1.76 0.095 307 b 8.7 256
255—5 1.2 8 0.05 306 5 9.7 260

*#1 Neutrons with energy above 1MeV.

*2 Test Noo2 55— 1 was conducted in the previous year,

Table 2.1.3 Summary of pre— irradiated fuel rod tests

Energy
Deposition Test No Post— irradiat ion Appearance of Test Fuel Fuel Failure
(calg*UQ,)

146 2hb5—1 cPartial discoloration, No

o Discoloration due to oxidation
195 255—2 o No
( partly not oxidized ).

o Discoloration due to oxidation
256 2554 o No
(oxidation flakes at lower part ).

261 2b5—3 o Discoloration due to oxidation. No

o Discoloration due to oxidation.
260 2555 ) Yes
o Broken into two pieces.
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mm,#77—»&1ot®aﬁﬁﬁ%#fﬁok£%%@,%ﬂ%zlecm/gwnnTﬁav
7%, 239 calgeUQ, THMTAERED -THY, COHBUREGOEREILNT, &
EIEHE LA R ER TR LA AR D EF L ESA 5, T, WIEE477 —LEDS
R THBERDEA T 4 Y TIEBNREMb -1 EREEL SN B, CHODERMS, &
H T —NVEHDO T TR, BT TRETIRIABLUKEFRS FRLB3RBENDOF 74 7Y+ O
SHRNERTH ST EHHIRFL 7o,

(i) 88 L& Wit oE s

BY T —AERETIIBOTS, RABGHIELSOAREL Y, RETEESRSAL 08
WKL h &, InAoA « KRIGICE BREREVPBAI LS I20, HBROFEA 7 4 v FBEC 5,
Fig. 2253 % 77— wEBOCTHHE2 75 cal /g+UO,A544 Test 24231k
WTRHIELARBENOOR A FPEOERTH S, RIRICR LAZREBE2 32 cal /g UQ ., DIES
IHAGR S FERE2MHELULITEY, 88 0 %014 FEEEPEHF G, CORBORI 7T vl
MBERIEOILEREKRRBIURETL0T, BEORBESAKETOEBLOEA T4 v 7 &5,
Fig., 2224 DFET Test No24 2 -3, BLIUIHERUBEMY 7o — 0 E, REOTFT,
FREE1 3 5 mm OREREHTRE2 6 9 cal /g UO . 25 A BEORMNEMEOAR 2 HE L
TRLTH 5, ZFBBRREF LV G20 07, SROBENITE L TRV DItk LER OB
Bflih <ol LT, FBENORA Ty v It L BBHNEHE FTORESD{HVELRLT
Wi,

(1) NSRR#ERYo /L2 Lf~F+5, | 9T84E3H, JAERI M 7554



JAERI-M 86—012

9.9.2 v FEAMKEER B Bk WE §0
(1) #E
Tt TERELTEfNNY FVERICK T, Y FURRIC B ABEM Y T —VEES KU
ﬁ®%ﬁ$ﬁﬂ&@?%%ﬁ%%ﬁ%ﬂ@ﬁ\%éo%ﬁ%ﬁbk%ﬁﬁ,C@NVFW£%®4E
&LT,ﬁﬁfﬁ“Wﬁ%#@TTQ%ﬂﬁﬁL%Pﬁ%ﬁ&6$%ﬁ%&Lfﬁot%Qfﬁéo
%%M,ﬁ%iﬁbfétﬂwFW%%&EU5$NVFw%%®ﬁ%%ﬂ&mw,&ﬁjﬁ—w,
BRSO FEEE L EL THENZRBREEZ 55HT 1 EIREL 7
(2) SEERAE
Fm.226K$NVFW¥%®%%E£ﬁﬁEﬂMé%%TDNyPW@ﬁ%®%®&@C(,
PWR@@%@%ﬂé%ﬂ%Ey%l4mm®5$mab,ch%m&34mm®mﬁ%ﬁﬁ®ﬁ%
%mmwto%ﬁwﬁﬁﬁd,¢®%H20%,%M%ﬂ10%&b,¢@%ﬂ&ﬂwﬁﬂ®$ﬂ%
%%ﬁ%b<ﬂ5;ﬁmbtoit,@ﬂmﬁéiﬁétb,@mﬁﬁximﬂfthK1kW@
S m e — g EEEL, T eNROGHIKEEEFRL .
ﬂﬁ@,ﬁﬂ¢m%¢iﬁm,w%%%ﬁﬁﬁﬁ§%$@%ﬂsﬁ,ﬂ%%ﬂlém&3mm¢@
Eﬁ-ﬁ%mva%%ﬁéxﬁvb%ﬁbfﬂﬁb,v—x@Tnm&%%ﬁfﬁ%%W@%mm
ﬁ%,ﬂ,Eﬁ%ﬁﬁ%%ﬁ%?%wﬂﬁﬁtF5w7f4zﬁﬁﬁﬁﬁmibﬂﬁbto
%%Lk@ﬁﬁ%stM312ﬂ45®1@®&fﬁb,%ﬂﬁﬂﬁBOT)C&fﬁ—wﬁzot)
OFT, S RBEICE DG LERENIT 15 6 cal/ g+ UO,, AAIEEHC 1 6 6 cal /g-UO. @
BTG AT,
(3) EBERB LUEE
CHETIT~TE oy FUVERDER, BAM OV 77— VEDNS (a5 &Y F LD A 4
F%@%km;af%ﬁmﬁﬂﬁ®ﬁ%wxﬁb,ﬁuvia—W%#®$~%ﬂ&%ﬁmmwfw
%%%%ﬁﬁﬁ%kﬁ%ckﬁﬁofm%ccw%%,%ﬂ@@b%m@@ﬁ?b,ﬁfﬁ—wﬁ

wz),ﬂiﬁ—wﬁzotmﬁét,ﬁbﬁm%T,$®%ﬂﬁ%ﬁ%®i-?ﬁﬁ%TWE%ﬁ
@@L%%Lto(thm312~44)c®t@,%ﬂ@%ﬁ?@,%ﬁﬁ%éQK%30cm
/@-UozTﬁklsﬁcﬂ/g-Uozf,%77—wgzotﬁmﬁﬂ@ﬁ@ﬁﬁéﬁ&t@w
THbo
C@%%,ME%EE@F@.227m%¢;5mﬁotoc@@&¢%ﬁﬂ%@%@%¢%%
f@ﬂiﬁ%%ﬁﬁbt@@?&éﬁ,%ﬁ§156cm/gﬂxn®%ﬁ®%ﬁf@,ﬁUﬁfa
—wgzotml85cm/gdnn@%émﬁ«f%%ﬂﬁﬁ%4ootﬁ<u@,vfy—wg
80@,%ﬁ%l88cm/gﬂxnf%MWEéEUumot%ém%%ﬁﬁﬁa&—ﬁttoc
@&ﬁ@%,&<&%w®%ﬂ%®%ﬁﬁ$%ﬁﬂf@,%@@%%ﬁ,ﬁfﬁ—»80t®188
cﬂ/gWKMQ%WKﬁ“@ﬁ%#KKof“5%®t§i5oL@LHﬁé,F@.ZZS@%
T&K%?&éw,%ﬁ%¢%@@%ﬂ@ﬁmibﬂﬁck@@®,L-Fﬁ@ﬁﬁ5—¢7¢ﬁ$
Cfm%%f@&%%@%%ﬁéu,Fﬁ%f@ﬁ%b@ﬁt%m@ﬁl56cﬂ/g-Uoz%é
%KTib%c&ﬁﬂ%Ltocwm?@,%ﬂﬁ#ja—wgwﬁmm;éﬁﬂwﬁ%ﬁﬁmﬁp
E%?t@m,Lﬁ@%ﬁ%%lSScM/g%Kh@%é@@K,%ﬂfﬁ—W%#T%@%2%
cﬂ/gﬂﬂhﬁﬁit%é®%%%wﬁbtoC@ﬁ%%ﬁﬂ%ﬂﬁmmﬁme,%E®T%tm



JAERI—M 86-012
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T 7B L -T, REABIST 0 cal /g-UOQ, bRABHICHY T A2EESEHNA TS L
W5, MBEALICRMD g OteRic L &, S 2BHERICES FRECLE (D LEE
NEJAFHC. 1 2m,/ s OHFRHP T EREEST EH, TORT CICHAERNE » T, AR
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foHDOHERE ORI, K4 FEOBARITE 4B OFEENEGEMEH AR RLELDE, &

LA, BRI A T REDBEDTHLIFENERIN D,
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THEY, NYFLVEHBHTOY 77— VERTICLIERELSWE~NOEER, BE-REEOEAICHT
NPEHOREVGDEEZEL OGNS,



JAERI-M 86—012

po1 1831 8U0] WW QpF B YHM 189)

UOI}09ALOD Pa0lo] 9y} w suolyisod Bunnsesw pue juswaSuelie jsa

[ # 2amjeiaduwa], JUB[OO]

1aj3wmol, 19[u]

dumJ Bunemnoir

pPoy 1904

J91E M

1939 PIOA

snsden 1saj,

pnoIyg mojg ~—__|

GET

el

‘duwia], JUB[OOD) IO UOLSOJ SULINSBI
GET

g+ samyeiadwa], juB[OON

[e¢

"By

SUCLSO  BUlINSBa A

S U § S —
o
o
T4 o
a4 =
o3 o
' o

’ —— 1
87t o
=
¥4l 33
S

i B
v GifF w
o
o1 o
o
- 84 L o
i L

0¥
‘dwag, Julppe|D) Jo uonised Jurinseapn

|| ————POY 19114



JAERI-M 86012

Local Power Ratio (normalized to average )
!

0 1 ] ! l J ! 1 ) I | { ! ] l | I | [ ] |
0 100 200 300 400

Distance from Lower Edge (mm)

Fig. 2.2.2 Axial power distribution of a 400 mm long test fuel rod obtained by

gamma—ray measurement
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Test No.
and Appearance of post test fuel rod
conditions

242-—-1

232 cal g U,
13T
1.0m . s

2422

a. 231 cal /g UQ.
b.80 €

.1.0m, s

242-3

a.275cal g -UQC;

200
.1.0m. s

240-2

a. 269 cal g UO;

200
.1.0m.s

Fig. 2.2.4 Appearance of post test fuel rod
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Fig. 2.2.5 Measu_red void f_rac“_cions in Test Nos. 242—1 and— 3
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! H#1~35
: b v
/
- #1~3
o« 13 5
o 4
XJ( 6 J
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- Thermocouple
_;/ X Ccolant
M j /” Thermoccouple
] 1o
e il 65
N i b "'J'Ei’
7/
L core center
//p.é/ - — o
=1 x|#3+1
g £ W |
E} E ! #6 '/ 12 i
w: ™ | /,-4/
]
s
E‘ . //% __— Shroud TLI'T
=1 X2 [T O
S| ] ! ‘ Heater ———— 17
i -
- | I—
Flowmeter

(<] & |l
1 :
6 & '
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Fig. 2.2.6 Test arrangement and major instrumentations of the bundled rod

test No. 312—45
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2.3 REaFEIEER

2.3.1 WAEEREESR (G B, B8 BED
(1) #E

AEBROHNE, HEEC7 vy 7y VEREOBEFERNE A4 oM OER L & ViE Py E)
W, BEGEEBREOEGE DI ITERLEEPEHSICT A LTHL SHIIBEYILENT 4%
0.3 5MPa & 0.7TMPaiZlE L/c BB T INERE O KKQE KA7 e EEAE 48] ( Test No
11545, 46, 47& 48) Hial,
{2) EEHZ

TestNo115—45&480200FHKIE, WEEST/IEHY R Y THEAES  d=205mnm OF
FERBEA2ME - THREBRME & L, BI85 I ERE { Po=0.3 5MPa, &84 2 14 cal g-
UO. , #FET Po=07TMPa, 8&88% 175 cal  g-U0, &LIAMEBEERTHB, T /-
Test No115—46&47OERIREOHETA =03 mm OEFEXEEEIED, Po=10.7MPa,
FEEITI243cal g U0, £224cal gU0, ORETHEEL-ERTHS,
(3) EREEE LEE '

Test N1 15—45DERTIH, ?Eﬁgiﬁ/mf‘ﬂi} 3807C, #BEANEF3 8MPa iz 5
LA AR HBER (R LT 0 BATERIREN TR RN S s £/ & < 8 ¢ T e,

ARBICBIHFMEE, d=05mm OEFERIEE S OIEMEMOBIAL X E2 30 cal/
g-UO: KOEFE220 cal /g U0, HEEBRLAGOTHSY, HMFTHBTHS 1 4
cal /g~ UOQO . &} Tl 570 Lin USRI ORI 5 B, IhE TOEMTMEOREL S
WHEILE TA NI RKES O AR 2 5 5 4 03%55%) <, WREETICTH LS S5NBEDT, d=
0.5 mm DEFERFAREICIE, BMERHNE % 0. 3 5 MPa iZuff: LT%;‘E?JDJ_OJ%A&:@E&TEL%M
BOZBNSVEVZ 5o BB, 035MPm&F®WH%@WﬁﬁmﬁaL%wﬁK %%&ﬁém
NEBETCENTED, . | -

Tﬂtm115—46&47®20®%ﬁﬁ'd—03mm®§ﬁk%ﬁﬂfﬁﬂ@ﬁWEé07
MPa&Lt%A@ﬁEL%Pﬁ%*béé&%Em&LTWéam%®%ﬂg2430M/g'
UO. OB THMERR LI, REORRR2 24 cal /g U0, OBAIK i%ﬂﬁﬁi£b
ot HHEEFRDERE :Hi/z el 38 O”C-_& 1320TC&EEL, BEBHRET iﬁ%& & R4
feftic KB AMORNYS T 7 (93 0 mm ) BEHAS N, RENKET T ’/“‘%Uifié%@jjm
ZhateDid, ﬁu%‘(ﬂi/vvx EH 1 ﬂ%‘:#cﬁ([ﬁéﬂ? CEE Ty 7 e LTWHWFM‘%—F L7z
reHENLEDY Ty ?%&@ﬁ@ﬁﬁﬁ&)&%&bﬂ%c i iﬁ%&% 1 1.4~1 1.9 mm &
EYE LT | Y .

BAHEED 0.7 MPa MERKIOBEL & DEAFINEOBALREL 260 cal /g+ U0, T
& - 1ohs, d%OSmm@EﬁK%Wﬂi#WE®% EDENT 8T cal /g UO, THIAL K
(T%tm115—43)DTm¢m115w43@£%id=&5mm,Pox&?MPa@Eﬁw

BRSO RLER ’&EE;}J?% FICRBMEL T 5 cal /g+UQ, DFEHTHRHLIZERTHS.
WAERFREL 110 0°C, #EPIEE 0.8 MPalC kit Lt BIR L LAt » /o AR
ik, d=20.5mm, Po—o7MPa®§&w§imrwﬂ®ﬁﬁt%mmi%i80cﬁ/g-
UQ, &A1 LEET LN T,
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BREMEENTBACET 3 T TORRBRE RS LT, REHEAES S0 5mm &0.3
mm Ol EOWE LEWEL, @eEEERHOBELEE T Fig. 23 11ERT. d=05mm®
BEFR g Eomda L s W iER, BeBEEMESEOzh kB LT, Po= 1.3 MPa O8&
#4 0 cal /g UOQ, <, Po=0.7TMPa T80 cal /g+UQ,fE 180 cal /g-UO0O,
EIEATE, AFLTAd=0.3mmOESE Po=1.3MPaT20 cal /g~U0, , Po=0.7
MPaTi3#3 0 cal /g U0, B<HBALLENPELHEN -1, FHHEHEL Po=1.3MPa
DIFE R DLW EIFHENSN—Z PUTHLEDICHL, Po=0.7MPa TidE{biabic L B A0 7 5 »
TOREECIBOBHACERPSHEL T,

SHREBRHZREOSERE S LUFATOEREBEEDOSER - 2 r RSS2 ITOEREEEM
E%ﬁ®ﬁ%ﬁﬁ%&bﬁﬁwf%&&%m,%%ﬁ®%ﬁ@%#??28p00%@@§%ﬁm&'

B AR T L, HERSRNPEREE & OWEE ©H O o BB RE RO O THERE RS 417
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2.4 BRERER (ERER)

(1) HE

REHEEEER L, YT 77 7Y (Severe Accident ) ZfF P TOMEHAE £E 43007
BEROERTHD, BHROVEEGLLTE TMIFHCRONAEI S HHELHENER ZHEL
TWd, it -7, BEEOEREGE LTEKETH D, RIBEBHEHE FTOKPOEREELL LT
EWRELBBEO—2TH b,

CNET, BMEBOBREEH AN TRAR, BEROPNHETF WEEARTOBR(LET)
ROBESEYE @RISR 4574 -9 & LTEH] 0RO EREZFERmL TS 7.
DR, WHETOHAERL T, AMcIEERORELa —EXEZr 0, HESS5ESLE
Biug, WEMERE FeT, MBS ORAGANEL L Lan -1 A1,

FCT, AN, HEEFOE CAVEROBIMES 4K L DEHEE 18 (Test N 810
—5) RUWBECHAENDSEELLEACTOHRI» COBERE T HEL 2 hEredl~NL D
OEEE 26 (Test N8 10—6K%U810—7) £iEL7o,

(2} FEERSEM M UEEERN

e, Wb, 14X 14 PWR T, 10 BESBE 1 ARFREL 7w RICEHALKESR
T =70 WEH 7 AHREBROEHNIIG CTA D v s LEEROSHAFME & Ui, BEstil &
LT, Test No8 1 0—6RUF8 10 —TIKRBOWTHETAXEREANELENM L1z, Test N
810 5BVTIE, AEBICH BEBEFRE(ILLTO A, BEIONTSRETH S
O LD, BICEHERITD D o0, ERER AT ERY T eV RUFHEROBIRK e Fig.
2.4. 1Rt :

% -, REE, TSR, BEHEOPIIKEARTHBSHL Table 2.4 11CHET 5,

Test No8 1 0 —5 TR, #HESORESLENa—# (oxygen— stabilized @ — phase )
GEIAE 1,95 0°CLl b Lica, AMIo Z2r O, 8 (B2, 7007C) HEOBREDES TS

M B OEmE TS % ﬁ«éc&&amatf 270 cal g-UQ, THERBSL
#2 (Test Noo2 4 0 — 1 2) BEEH W, RERMOWEE %ﬁﬁﬁé@%looﬂm&#mém
Lo 1id, AERTCRASHSUIANY v A0 BSR4 EEE Ui, Blid 2L 5ICELIE
SHNEA LTV 6D EHFTESL, RBBREETEENS1,950C~2,400TCicis48250
cal /g UQ, &L 7o

LNETOBMEHBEER LY, BAMFHITEWEEEAZMICER S N SBLES [ 50E 1 O
e AL THNEOSBEEESESER L CHEBERESAKAHROMERAT LEGE, Chod
BECIER L D AR EM SN E L B RN B B, T O, Test 8 10 —-6KRFB810—-7T
i, BEEAFHENEL, P Y P Y MM BOTHRBE FNEEREIE L LERE L. £
ANFIR 7.1 MPa & LS, WESHVATERETSRERE0 0 CUTEHRETE L. BRE,
Test No8 1 0 —6 T, F—YupadD@s (W1,8007T) LEELatfoaE (W1L,950
C) ORI EMEESET AEFHEENS 210 cal /ge U0 &L, Test No8 10 —7 TR
BEEEM1L,IF0C~2400TCIKETE250 cal g U0:& L7z, WIEBICHWT, FHR
BB rE U A7ER & L, ETEO TRMELEFICITHE »1,



JAERI-M B86-012

(3] HRRUEE

(i) Test No810—5

PRSI, Fig. 2.4.210RT £ 55 DIt L, F LWEM DRALEY o i,
WA OERBET 3, 1o, HEEOEEIEAR 4MRE, TEaHoBSLLIZELTHSET
LGB L D O L 7, WBTEAREOBREEIRG1 00 umThH »7#. T, ~
U GEBLEHES) PTHETE S, BAE (Zr0. 8) hoiE i, 28l i FEdic
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Table 2.4.1 Test conditions in severe fuel damage experiments

Energy 1. ,
e Environmental
Test No. | depositions Pre— condition of test fuel rod
. gas
(cal g » UO,).
. 810-—5 250 He + (Air) | Pre—irradiated in water at 270 cai. g~
| UO, in RIA test (Test No240—12).
Oxide thickness of cladding outer
surface presumed to be ~100um, No
_ _ fuel rod failed.
' 810—6 210 “Air | Pre—pressurized to 7.1MPa in order to
i ' “ | produce burst split during early stage
_ of transient,
810—7 250 Air ditto.
4oLt Inner Copsule
.e/
_|—Quter Copsule
il ‘
— Water
[—d /_,/
//4 M’H’____,___-———Test Fuel Rod
o _ P ! N I Environmental
- Cladding Surfoce | - Gas
- Temperaturs -
(Pt/ Pt-Rh)

Fig. 2.4.1 Schematic of test capsule and instrument
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Table 2.5.1 Design characteristics of the test fuel.

for test series 520.

Fuel Compact

Composition of a compact:

Fuel particles scattered in a graphite cylinder.

Qutside diameter: 18 mm
Inside diameter: 9 mm
Height per piece: 18 mm
Number of fuel particles per piece: 2600

Fuel Particle

Composition of a particle:
U0z particle coated with carbon and sillicon carbide.
Diameter of a U0, particle: 600 pm
Enrichment in U-235: 4%, 8%, 207
Thickness of coating layers:
lst layer (C): 60um, 2nd layer (C): 30um,
3rd layer (SiC): 25um, 4th layer (C): 45um.

Diameter of a coated particle: 920 um

Cladding
Material: Type 304 stainless steel
Qutside diameter: 21,7 mm
Wall thickness: 1.65 mm
Fuel Red
Total length: 265 mm
Number of fuel compacts: 5
Filler gas: Helium at 1 atmosphere
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Table 2.5.2 Test conditions and major results of Tests

520—4 through 520—17.

c Expected Energy ' Maximum
ore
Depositicn in Fuel* Fuel Compact Post—test Fuel Reod
Test Energy )
Energy Inside Surfacel Appearance
No Release | Enrichment
Deposition Temperature
(MW «s) (%) .
(cal /g ~UQ;) CH
4 121 106
520—4 21 8 243 ' 186 No visible change.
20 560
4 162 137 _
520-5 29 8 326 244 No visible change.
20 752
4 214 178 _
520—6 38 8 430 285 i No visible change.
20 982
4 : 269 ; 208
5207 48 3 5472 331 No visible change.
20 1249

* The ratios of the energy deposition in the test fuel to the core
energy reciease were assumed to be ! 5.67cal,/ g UQ; /MW-s{ 4%~
entiched fuel), 114 cal g +UD, MW+s (8% — enriched fuel), and
263 cal, g+UD:/MW+s (20%— enriched fuel).
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Table 2.5.3 Design characteristics of the test fuels

for test series 702

PuO,:;—-UG; Pellet

Diameter ! 12.40mm
Length : 1 300 mm
Density 85% T.D.
PuQ,./ (PuQ,+UQ,) : 10w, 0
(3%Pu +2'Pu) ~Pu : 8 0%

Ty SU 1 0%

Diameter of an artificially made plutonium spot on
the pellet surface
none (for Tests 702—1 ~702-5)
400 um (for Tests 702—6 ~702—9)
1100 um (for Tests 702-10~702-12)
Zircaloy— 2Cladding

Quter diameter - 1 4.5 0 mm
Wall thickness 0.9 mm
Fuel Rod

Fuel stack tength
117mm of PuQ,—UQ, pellets (9 pieces) with a 10mm
natural—uranium oxide (UQ;) pellet at each end.
Fiiler gas
Helium at 0.1 MPa



JAERI-M 86—012

Table 2.5.4 Test conditions and major results of

Test 702—1 through 702-5,

! Maximum
o Core Estimated
Test |Reactivity Cladding Appearance of
Energy |Energy !
Insertion | Surface Post—test Fuel
Release | Deposition 2)
No. (s8) Temperature Rods
(MW=+s}|(al g fuel) .
c)
; F#¥1 . 1350 |Discoloration of the
702—1 326 5 64 192 #2 . 1270 cladding active regton,
#4 . 1280
#1 . 820 |Partial cladding
702—-2] 265 48 144 ' #2: 470  discoloration,
R4 300
#1 . 1540 |Cladding failure at
702—3 400 87 263 #2 . 1749 lower partt.
#4 :2>1300
. ‘5#1 . 1500 |Cladding failure at
702—4 371 78 235 L H21 1550 lower part,
C#4D 1460
5 ;. #1 . 1260 |Discoloration of the
702-5 3472 59 208 #2:. 1300 | cladding active region,
: #4: 1220

Notes : {1} Energy depositions are preliminary values based on the physics
calculations (3.02cal” g " MW=s}, and may be refined or revised
after precise chemical znalysis.

(2] The locations on the thermocouples #1~%4 are shown below.

1177 mm
- fth
' 7 T
(Top) | | " ! (Bot tom)
f 40
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Fig. 2.5.6 Test fuel after irradiation in Test 702 — 3
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HiskiSdp o fcicth, A7 EETETAE L KBEN LIRS ETE, FRHOWMETHFEF
WILE D KEL F LF DRI 41T 7. Fig, 264 CDFEREAET 0w b L&D THD, HBED
foh R EENC L5 SPERTEBOKR, B LUKDOIEMERK iCH 4 2 FHiE+s 7 L.
ZORFRD O, BME T 2 v SRR LT, INERE S EROFTMiBR 4 T >THD, ¥
MR L SRR EEDBMO EHHIIR Ul 7750, SPERTERBHERD 7o w F AR T LD
i, BEIERE TR, RESREOBE TIIMMK 2 v ESRAELBON 320 cal /g U0, LT
DR T EEMN = 2V FRESFDLONTVEDT, A7 e B HOMEmMB LI NEEH L
TEDH LN T B,

Table 2.6.1 Summary of major test conditions and results

Fuel Rod| Energy Capsule PI'ESS&JI’E! Mechanical
Test MPa3

Fressure; Deposition Energy Conversion Comments

No. P1 | P2 | P3 .
(MPa ) | (cal, /g *U0, Ratio (%)

260—1 0.1 1490 - — — = | - - — calibration test
260—2! 30 ., 363 066 | 044 035 0.0 4
260—3 3.0 454 383 124 8.8 0.18
260—4 3.0 499 46170 148) 485 0.17
260—5| 5.0 | 456 338| 422 205 0.11
260—6; 5.0 493 2101 585 —— 0.28
261—1 (1 206 —— —— - - — no failure
2612 {1 314 i 3.80 J 0.6 0.3 | 0.Gh i

(1) Fully Waterlogged Rod
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Quter Capsule Water Level

/ Inner Capsule Water Level

-

/ Quter Capsule

Pressure Sensor (P;)

Pressure Sensor (Ps)

I r Capsule
// nne P

T/C (Ty)
TC (Tz) ] . Test Fuel Rod

Strain Gauge —
' TC (Ts)

Pregsure Sensor (P;) T

Pressure Sensor (P -——

Fig. 2.6.1 Test capsule arrangement and instrumentations
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T.r
1 Pressure at capsule bottom: P,
~r
& F }
% L
v ih}w
222
L
=
&b
thod
. i 1 1 1 1 3 1 ] 1 1
¢ Time (ms) 100
15

- Pressure at capsule upper plenum: Pz

Pressure {MPa)

0 ' Time (ms) 100
17><10,S— Reactor Power
g L
g |
“F
S L
C
o]
Q_‘ -
- |
b 1 1 1 1 i 1 1 pi i)
0 Time (ms) 100

Fig. 2.6.2 —a  Pressure histories at the bottom and top of the inner
capsule measured at the rupture of a 3 MPa-prepressurized
rod at 5 0 Ocal 7g -UO:
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o Pressure at capsule bottom: P:

Pressure (MPa)

Time {(ms) 100

60 [ Pressure at capsule upper plenum: P2
5
& i
g 5
[«B)
=
5
w
el
z
0o,
0
) i i 1 L 1
0 Time (ms) 100
3
17x10.
r Reactor Power
=1
=
~F
v |
Z
z L
AT
-1k B T SUE I e
0 Time (ms) 100

Fig. 2.6.2 —b Pressure histories at the bottom and iop of the immer
capsule measured at the rupture of a 5MPa-prepressurized
rod at 5 0 Ocal “g+UOQ:
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Rod Pressure  Capsule Diameter

[ 1.2~20MPa
' }102 @
(O 3.0MPa
NSRE
. 3.0 MPa } 79 ¢ Proposed design curve
A 50MPa for preirradiated
fuel rods
@ rreirradiated Fuel Rods 73 ¢ (SPERT) L
100 ' / \
FExisting design
) /‘ curve for fresh
/ A fuel rods
®
P / ¢ O
N / O
E y4
K o "
=
2 10| ’/ /
w
@ ;
Tt
& /
; /i
g /}y ¢
[]
O O
[
1
i | L H 1 ] |
0 100 200 300 400 500 600 700

Energy Deposition (cal. g *» UQ;)

Fig. 2.6.3 Design curves for peak pressure and measured data plotted as a function

of energy deposition
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Rod Pressure (Capsule Diameter)

@® :0MPa (72 ¢)
NSRR
A 50MPa (72 ¢
5.0 —
@ Preirradiated Fuel (73 8)
SPERT
O Fresh Fuel (7343
O
10— Existing design curve
for fresh fuel rods
£ os5f
i
p= O
o
E Design curve for
E pressurized OO
% fuel rods @
O /] A
w3 ¥ e
0 01—
QL
: .
= /‘ O 0
E . |
E 005 | / ®
% . O
[«8]
= / oy
Q Q
®
O
001 o O
g
| | | I I |
100 200 300 400 500 600 700

Energy Deposition (cal“g » UQ;)

Tig. 2.6.4 Design curves for mechanical energy conversion ratio and measured

data plotted as a function of energy deposition
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2.6.2 ZEEAEERR \FE EE, 8 BB

AEE Y -G, BEBEE e 7 kT 2HEBTITHOOTEY, A~ 2 VI X5HBEBD
KREMEH € v vEIFEE (Test N2 5 1) —X) , PCMI ik L 58 BEO/NETHERM &
TR (Test N2 52 v ) —2) , RY, By - VEEEHEBTCIOIND TUT>HEES
HEFE (Test 253 ¥ ) —X) KOFEEN S,

1) KEFMEER (251v1)—X)

(i) B

AEB Y ) — X, FNERTHRES 5 WOBEEBHNIE i KERE € ~+ 0% 4 H
FELTOS, selfictnwT, By —VERNH L YDOIFEREEATT »7cc (Test No2 5 1 —
4)

(i) FEEAH:

T 1 2 kg onf &HIAE L7z 10 %R O B8 SR B BRI E F O 2B 3 3 & BEHA
HE, SORKRERNE 4 3M, Fig, 26.5 KmT &0, HBBRH OB LRI T iic i
ftidic, TOMHIRFIEDOER (Test No2 51~ 3) THRORKIVEBELAEUAHFSTH S, 12,
HERMENT I REE 1 8 2 cal /g UQ, #5857 7,

(i) FEBER

Table 2.6.2 XU F ig. 2.6.5 K EBREROELN & AETHAE v +OIRE 4R T, tiBERRE
BERS980TCIEL, HEEEEEIRA06mm, Fi50.3 4mm &7 - T 5, BEIZITT
ST THERBORR, RERME v TOERE, PETEBELI6mm A>Tk, €4
—DRMELELC—HLTH S, FAABBRHOBRBARES 4 Fig, 2.6.6I10F7,

lv) &%

Fig. 265 OREBHE « y v OBEICELAR B E, € v v 2 HhoEBAS IR
LTWBZ EDhd, CHEE £y 4 OFRACREIR L5 60D EBbh, HEETOTBEORBELE
Lz I & O A ABITEH AN EROBE, RO 2280 FAORTBVETH S,

T/, BHEOABEECEONERRIC, 4B TE, ZRBREOEESNE {E 5T
Lo TR, YT LD ERMAICSHISIRESRE SN EE, v Y OFMTEIER L
T EEZLN, £ Y vRNTMECERIELIABIE, EOEDOEVBREEE ST ED TR
ETHHEBbN5B,



JAERI-M 86012

Table 2.6.2 Summary of Test Results

Test No 251—4
Energy deposition 182cal g -UQ,
' Initial 12kg/ cnt g
Rod pressure
_ Maximum 13.7kg,‘enfg
Max. cladding # 1 910°T
surface #2 980T
temperature #* 3 840°C
*1 0.4 3 mm
Cladding
#*2 0 mm
deformation
#3 0.6 mm
Max. diametral strain 28 %Y

Note # Measured after irradiation.




3.3

47.5

JAERI-M 86—-012

oy 11

Cladding Deformation # 2

Cladding Surface Temperature
{max. 950°C)

Y P L | 1 | [ IR R | 1 g
' T Time (secd ' o

T T T T 1)

- Cladding Deformation # 3 :

s 0.6 mm

Cladding Surface Temperature
5 o {max. 950 °C)

| ! | | 1 ! it | |

0 0.5 1
Time (sec)

Deformation
Senser # 2

L

Deformation

Sensor # 1
i Cladding Deformation # 1
- Cladding Surface Temperature
5 (max. 950 C)
i —
i) L 1 L 1 1] 1 | | ]
0 : 0.5 1
Time (sec)

Fig. 2.6.5 Summary of the Results in Test No 251—4
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Dent at Deformation Sensor

Position

Fig. 2.6.6 Post-test fuel rod appearance in Test No, 251 —4
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) /NERRMEER (252 v1)—X)

(1) e

COFEY -, PCMI KL sHBEOWDLEROREXRHLAEST 2 « vy OMFELH
MELTOE, EEOWMDLENRR 2532 ) —X TGN T BRI, CNFETESY -V TITA
DNTHRTO S L LEF—YIE, 25 0CETOREETLMEA L O /9, BEXHONHD
RRELPIEHEL D, LOY) —XTE, HRERE AR SEROAES LR, ARG ©
BBIWOETROAER € v OMEEENE LT 5,

SR, BT B LI NERRME v OBE KL 20 (Test 252 -1, 2) 77,
(i) E®FHEL

MERHE YR LVDT /A 70607, HBEOEARLEH L TH 2 70EME, ZFHE
FEHAHOCTHRETEEDTHS, Fig., 2.6.7T X OBIEEER 41T, T/, Fig. 2 6.8 icit
T EGHATRT . Test No2 52— 17T, 12 0°ETC3 A oBEREARE LNl 0ERT,
32D v HEIC TSR 725, Test No2 52 -2 7T, /NEFAIELY4 1 >DAHTERETT
st WEBOIHIPNERRNE Y vOLETF 3 3mmuBOWBEE+E/7 —~ V4O TAE L.
HERMEHT 5 2 7B BIL, Test No2 52— 1Ti31 2 9 cal gUQ,, Test N2 52— 2
Tl 92cal g-UQ;, TH-7s |

(i) EBERRyEE

Table 2.6.3 CKEHRBOMIEE/RY, Test o2 5 2 — | TidstEsoRFic Ly, NEE
HE€ > R TEHPEHHLNTHED, AESREIFEELLDEEFEAN V. HLTIT -7 Test No
252—27TE, THEEDTL/H, NEEAEey 31 2380 T, EBET -1, B —
VICEABEBEOR SEOREMBHEE OBBEERCLIELSZINVETH D, BEELEHT
BL, 6800 ust DEDEFAFTO0 3 6mm OEFEEED, NERRME Y OAERERC
ITHN, HEED0.2 2mmDEEERLT 5, #BE <L FOBEEREFvic GAPCON-—
THERMAL A W/CBEHEEETE 2 — F NSR 7 7 L 0BT L7 BEOLERXEH & 4T,
EFev v+ ORIFEHES Fig. 2.6.9iRd, PO+ v+ » FREABITICLEBTH S,
NEIEHIE 2y O, s LTEREFAXTIEERLTHEH00, HLOFB BT
FMREUIHETERLTE0, L0541 T7ONERIE i LAHEDATRES AR LT 5, I
EESRKEBRBELRIZDOTR, BREEOHY, 2 vy or5r S YORBEENEL G, WEHSKET
Hb,



Table 2.6.3 Summary of Test Results

JAERI—M B86-012

Test No

252—1

2522

Energy Deposition

128cal g+UO,

192cal /g~UQ,

Max, Cladding Surface

Temperature

#1 850C

¥t 1190°TC

#3 8007C

¥3 11607T

Cladding Strain

%1 420 ust

¥1 4080 ust

#3 2350 ust

#3 4450 ust

Cladding

Surface

Displacement

#1 0.07 88 mm
(14,700 ust)

#2 0121 mm
(22,500 ust)

#3 0.026 3 mn
(4,995 ust)

#3 0.22 mm
(41,000 ust)
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(3) WETABTHEER (253¥1)—-X)

(i) #eE

AEBVY —RiF, PCMIKk-THETIHBEEO BELBATEy— YEHVTAEL, €0
AR L L9+ 380D THd, SHIREBMEAELICEALEEY » v THRHOEER (Test
Ne253-—5, 6, 7, 10), RIEF» v 7IHREER (Test M253—-4, 9), LKEF+»7
BRELEER (Test No2 53 —8) %£fT~7.

(i) FE&EHH:

FEIE, Fig, 26. 1 0iomd LIk, 1 0%HLKIE2 0B BEOERRE (F+o 7R, B
0.0 9 5mm, 0 0.05 0mm, LIRO0.1 9 5mm) IKES — 248 ( FEIRIC 38, FEREATIIC
18 , BLUHWETEFEREMRD Pt /Pt — 1 3 %RhBEN 3W+BUTT, HE « BEAEZE
LizRKESN 7 icEEBL, NSRR TAABHEET- .

LB — YR, 25 0CETORETHALR, &R2 ZOEAENHRLIGEMB T -V
THbo

i FEERER

Table 2.6. 4 ICEBRBROBIEETRT

ERE Y o ZIROBEIEER TR, DNBRALSWELHORESE (1 10cal g U0,~120
cal /g UQ, ) A25Z AL YA 30{T-7/, (Test u253—5, 6, 7) 3mELTOEERT,
DNBE&ESEL, ZbRABONSOER (Test 253—5, 110cal g+UOC)ITBNT
b, HEBEEAREREAG6 40 TCicEL, BHEERABERR, 1020 ust il &7,
FEE 146 cal grUO, TiT-EHRTH, BBEEZRRERREKAI 90T, RAREER,
2400 st iTEL,

BB E r » TEBEOERTE, DNBLEWHELAFEORBE1 12 cal /g U0, #5175
(Test No253—9) i7-7. WHEORSEBEEEFT30TC, ZRAEEEI1400u4stTH
N, EEFX L o TIRTOEBIVRIAZEOELRLTHENI R EZFEEZT THL .

FIEE v v 7HEEFEHA L TIT-HERTOHEEOBER Y, 88X v v 7, RIBF + v 7O/
BEHET Fig, 26,1 1RRT . ABBHORMEIRELTH200cal g U0, THE, Fr
o THIEE AEHEEDELNELE-TEY, PCMIOKRKESH, Fv+ v 7TIRICEKFET S LA
L FZR LTS,

T, BEINALEFBICHL TR, TROBEOHE, Ty - VOREMILET ~/. r#Hok
SO IE (FIEFB TRAE LBy - POIRB AR B 2L L TNA 2 Hik T - /oo REMIEE,
et RE L, BETEBECHS 4] L TIA 2 HEER »1,

v £

MELREOMEITIE, NSR —7 TTiT»7. RIADRIKRHETBEY EFH I 558G, by MO
ERA2FFAT 0, HUABEREEZ AT TR, ER4BNHET 5 SIEb EHXER
T - TWWh, LTy FOEEFTLE LT Fig, 2.6.1 2 WRT22%EZ 7, Crack
£50E GAPCON =54 T & 5, Crack EFATR, BE HE2HEL, ThExby b
ORRIEAEREL, WA Z61E T, BALBEROAICKEZEIEL L, BIGHHBRIGT] 28A
BERLVy bZY T 9w I BABEDETE, Hib, FCTEERIC, 779 7ICL B (v b
MR Ty I v T r I ¥ —hBUKM) AMEZ B, —H, GAPCON £74TH, v bH¥E
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EHRAOBEEAGD, S5 TniRdHEE o ZORMIIRET, Tmicuihd 2 ERRE TF
BT A60&L, m LDAREEBEOEHRAEETERTSLEL S, .

200EFAEE - THE LREHEOBEL B4 ERTORNE LHEST, RIEF v » 78K -
B vy TIROMEID 2 >OBE A2V T Fig, 2.6.13, Fig. 26.141&mxds Crack &
FITOBMICER Lics 59777 0 4 —DfElE, BIEXy o 7, BEX +» 7ROBS L SE—
DEAFEHA Lo TORBE, RBEF+» v 7HHROBEHI LI EDL T ES, BEF + » 7TIRHBEIC
DN TH, EEABARTFEL TS, COMEET 77 ~ 7775 —&hE T 5L ETHERE
Tiddh 5, MEBOBNICL > TENEI 5 97 + 7775 —2HVEHRENLLT, HF0—f
LI EAE V. fiF GAPCON EFATOMRMEREF, Fvrv 7TRELSTRO—EERETH
%o

HERETHS. GAPCON » £ FATOMMFERIE, 170 cal g+ U0, DETEI(HRER
L TWS, LipL, 150cal g U0, RFTHE, PCMI OREL TRV, =4,
CRACK ®FATELMEMIC PCMI ZRAFHEL TS,

Pk, SofEgicLd, PCM! K LaHEERAMEDF— 5 BERSH, GAPCON £70v
R0 NSR—T7T0O8ricky, L{ERBEZTHEELSCEPPHL A LML ST
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s/cts
g
S
T/C| |
g_#B' 15 /673
Q,Téc
b2
§——F1 | ps/c?2
&
miT/C
B sty
T/C : Thermocouple

S/G : Strain gage

4]

Instrumentation for strain

Fig.2.6.1 0
measurement test
n
P Reactor power
;oA
!
I
]
3000 L.5F {
!
I
1
52 r’ Straoin qoge response for
- — i narrow-qapped fuel
= = !
= '3 !
— 2000 % .01 ,‘
by o ['
(=5
on !
— = I
= = !
(%] h=
=] =] 1
& T t k
1000+ Q.51 !
,' Strein gage response
] for stondard fuel
/
] Strain gage response
S for wide—gapped fuel
. d
330

o- 00 - -
280 220 300 310 3eC

Time  imsec)
Fig.2.6.1 1 Comparison of strain gage responses
jor wide—gapped, standard and narrow—

gapped fuels irradiated at about
200cal. g *UO;
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L Tempergture ‘| Temperature
Temperature distribution
Ti Tm_
/‘\7‘ Ur=TATIQ(TI) /\
I . .
l Ar - generation of crock
] Ur = fcro +E|AF:£I(T!)
Te- Rodius m Radius

Ur= fma {Tm)
+ZAria (Ti)

Ii>m

fe 1 Cracking factor, Ur ! Displacement of pellet surface, « ! Thermal sfrain

(a)

Crack model (b} Gapcon model

Fig. 2.6.1 2 (aJ, (b} Pellet deformation modelels used in experimental snalysis

4r 20r
Reacior power
f\(/
3t 157 I \
‘. : Estimation by crock model
; ;é "'-..._____. ”-’/
= | = ’ ______ -
m
=
= 2_%1 ot ’ / Estimation by GAPCON model
5 ' : ( \Meosuredi strain
z 8
=4 =
2 |

ol [ =
2 b=
o a ]
=] j=)
g |3 ;

1 M 0.5 r '- '\

ot Qlobazet ‘ - e

250 300 350

Time {msec)

Fig 2.6.1 3 Comparison of measured strain and those
estimated with Crack and GAPCON models

for mnarrow—gapped fuel tested at an
energy deposition of 196 cal/g*UO:
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3. miREIEA 7 2 VR

3.1 IMEMMER R Rk, BE B

(1) H#
RIGEBEHEOMESREEOWREHICIO VTR, J3E THREEFHRG IS 5 =R - KAER
HCERA R LT e CHICH LT, EEETAE TS 3 NEREHEDRREEIC >0 T
ST ALENS D, BEEES 7 e ERO I MEREHEERSEE L. B8, BKIPREE,
I EERE FTRAE AT £ Tl 3 & Siciat s T 345, MEEE 4 L0 FRicilEYT 5
Hinrs, SEHSE FTHESAT A2 LRZE&IKE LTHRREZTT -7,
2) EghE

EEET AT AN, BHMENE12~16MPa, X, BEMERE283~305CD
FWETE(LEET, 220cal /g UQ, DREBARATIEREIMFERE Lico HBERTH,F
TR EME A2 DN IE AT 2.0 3 RAOBRENE A 4 7 vt L TRIRHC RS £1T o 70 HBRITE 1
AMEEORE N EEEEREAED-HD, AENOME, SLUSESEA Tt rOREE
Fig, 3.1.11cmd. X, 3ADOERICET S, SBHEOERICET SNTE, GHMOEY), &
EEDERSEN 4 Table 3.1.1ITRT,

3 ERHERBIUEER

BHEEREIT - 10BEID D 5, %%@@%ﬁf@%ﬂwr(u&rm@%ﬂWiJ&ﬁ&)mﬁm
%5 EOBEHEICSWT, REBOAEE Table 3. L210RT . ARDTFHEIGR Lok DT, A1
BRELNT OFEIC L D BMEHEOEEMEL E, T0bL, JIRERESAEREZIO 1 1.9 ~15.9
MPa EVIEMEBEOBRSICEEBE D2 7 7AWHE L HDICH LT, IERE TS AR
HELD 1.2 ~2. 2 MPa 0 B&ICH, BEED 177236, BhrRBlRiE i, 7L,
TS OMREREREEE L »tce CHITH LT, MESES L0 KE L MERE CHBIMREA L
DAE LD REVIBEIC, WEEIEEL T — 2 VESAE Ui, BINIE, I oDEERICKD
BoniBEEOBEHICOVWTRET .

a. WHEEENERE

Test No1 2 0 8 BB OTHIE L /IHEEXROREEES Fig, 3 L2 1ERT. AKICE
RIEICHAE L 72 3 R QBT T & 2 DRIER RET L7, TIENEOmRE LD, wm
HEEEAEAAES (RELIENNE, D0, WETEESSRICESE, BREHEOALPNES
TR ABSICBEESHa5 7ALT U0, Ny M EHBEEOHMOF v v 70 BEIN, Ty
o TEHIEEEAE 1S > CHBTEES LR T 5, ANcE 0T, 777 A5E U7EE (91
FEHZE -1 4 9MPa)&WBEEMENBEE WBIE/12£ | 1.8 MPa )ORSEEDHENK
200CTHBT &R 5,

b. HOEMEAE

Fig. 3.1 3 [3KHEAFEOBEEERE LRI TH S MEBOBIENPELT Fuel rod
No7 (Test Nol1209)iD\0TADE, BMERARIZ YV ARBEERIC] 3.0 MPa®s 1 5.6

—71—
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MPa FT# 2.6 MPa DRHKB LEFEA4RL, 20Kk, w3t LR, HBEEORREICLS
EHETH#ESONE, RYOBEHERNEOS EREBE <L v F BRSO HEENO 7 2 AR
PiILkBEDTHY, AEBROBEBRDOFEVINEDKH 2 0 5D ERBE LT 5, REDELS
WL W B Rhililid, HEEORERICLA VAT OARBEMOIHEFTLONS,
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Fig. 3. L4 3BHEBEAATENECH TS, #EFORSELE LS NOBERERLIHERTH 5,
SEmERETFCENTE, v ABHERORENAEZ SAELRICLD, TAAMEBAAT %
= 2.2MPa i EDOBHITLSNPBEL, ZOFE, HBERSREOE FSED SN, #2771,
HEE OWEIT20TE, BEEONBNESANE % Bl - 581D AFE Lice BEIITiE, NSR
—T77T3-FRIBANERGRLTH S, BT E7ricid, BE~<L v b OEESIC L ZBEHNE
FREEELTED, RETOLHANS VEEOBEREEIC > TE BN R E—85E 5N T
VBT ED B, '

Fig. 3 1.5 ERERBOER I VBONBEBEOREDHEL AT 7o BB LN
BRIUELTRLALGDTH S A6, SESERHEF FCBWTYS, EROIERE OE
LEWEABMZCEF TOAFHEBELTHE LG5,

4 F&¥

EmimEm IR FEBVNT 12 ~1 6MPa D& THIE LABEBICOW TR KR 2EM L /o
B, T OEFEPHEA L,

1) WEED 5 7AREOERBLBFEREET A X (EET5,

2) EiRESEES TR VA MNBERFOBEBNELRAR SV, BEEVENESAEE

PRFE-2THTH, HEEDOSLINEET S,

(3] HEFEOWRIZ, AEBREZHOHEMTIE, HROMILBRHOHEEL XVHEEBAKLESFTDS
g U, . '

(4) waﬁmgﬁwméwﬁ@fu,Ngg—fvn—Fm;5aﬁaﬁﬁﬁiéﬁto
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Capsule Wall

Thermocouples

Arrangement of test fuel rods
1n HPHT capsule
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Fig.3. 1.1 Arrangement of test fuel rods and temperature measurin

in HPHT capsule
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HPHT Capsule
15.1 MPa, 300°C
220cal/g- U0z
{ Test No.i208)
Non- pressurized fuel rod (initial pressure difference -1 4.9 MPaq)

Pre- pressurized fue! rod (initial pressure difference @ 18MPa)

Pre -pressurized fuel rod (initial pressure difference -.2 MPa}

10 20 _ 30
Time (sec)

Fig.3.1.2 Comparison of the cladding surface temperature histories

Internal pressure (MPa)

Internal pressure [MPa)

Fig. 3. 1.3
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Fuel rod No.4 (test No.1208)
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18 _Fuel rod No7 {test No.1209)
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Histories of fuel rod internal pressure, showing
increase by about 2 0%
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26 | A A at burst point
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3.2 RUANEEE (Test Mo 1212. 1213) L& R, PR X2

(1) BHMRUHME

NSRR TR, ZHETRRKEKRS 72 v E2H0THRERvy P BIUHBEOHUNEERS
T oT& o SO, SiREEESETHRE <L v F EBBEEOMU 4 ERCHRIE MK B34 28 % L,
CHEHOTHRANL LD BWR &4 T COMBRMBEEOMURE 2 A1FE L,

2) FERERUEHE |

Test No1212&8KU Test Nol 2 1 3DFEEREMHS Table 3.2.11KEE 0B, ZDTable
CatdedD, 2 00EBRIZIEE UCEHETIT 27/, THEMHEE LTRMUGTOMic, #WEESRER
EAEMABEN 3X, &7 v L NEHIKREREHEEY 3+ o,

BE< Ly b HEEHUGTORER A Fig, 3.2.1 KRt ZOMERE LVDTS 4 704D
T, BERUy PO LS RWEE LEE T IR 202 >0 708 & &, LBHEXRAH O THY
RHT530TH S,

3 HMRERUZEE

(i} Test Mol 212

LORBTHE, BBy MEUHEBTEAOEELL OO, WEEHUH, SE, FHEEEER
HITLDEBERESREOHADL T,

B Loy MoV AT ER S ERHCH Y, RTEHANE -7 iCZE L BN 1. 4%
WA 2.5 mm 2508 L, TORBLIKHES, OIHELD 0.8 6 mm BUTHELDVTWE, C
DEEBRESBARMABOHE, HEBER SIS 1Ll mm A Thiz. BE~L . MU OEETLHS
Fig. 3.2.2iT/Rd,

{fil) TestNo1213

CDERE, Test Nul 21 20OHERE LTI E AL UERRE T, BB~V b« 8
EEHOORREAEICHKT Lice Fig, 3.2.3, Fig. 3.2 41Tk =L o b « EEHOL HEEE
ERE OBRETLBREIE A r — V&AL TRT . B~ Ly P RBETFNIO LS BT O,
WA E— 7 E L% 1.4 bR TRADMY 2.4 mm 508 L 0EB 2 1S, f8ELD 0, 9mm
RO RETILE - T 5, —F, BB, <Ly MITIPPENTHUEY, 0.4 0% I8
DO 0.5 1 mm %78 LB AED, IHECEXTIL2mm A TEL DTS, ¢ DHERE
FHE IR RREOHESE, 2ET L1 mmMATED, MUHOBE &L B LT, SERE
DEHEONEEES Fig, 3.25KKTd,

CORERE, BREHE o —F (NSR—-77) tXadF+ » 78, BEXL ., FEEOEL%
DREITHEREFBZGHHI LTI, MO ESCHETE B,

I B ERC20, BELy FVHTED S, COBETERVy F BEHBHBAEEEA LTV 3,
2. MUy P EHBEDOROY v o THEL, WEEE SV Y PCEERONT—K &L » THUETY

Co Ny FOWHEITHT SMHENRIFBILRE, Ry FEHETORIKTI~NDELLRES

N0, COBRROMBOERFOMUY, HEEORE LRI LIBERTHEV &G, HEE

DREBEEAEZDEATHL>TOHOIELLEHOMLTH B,

F7z, Fig, 325 RTEBVCDOBEOHMIAD <L » FRUEEESOMTIZ, NSR—77

TalEINNLy POFEHT v A STEIERS LT 5,
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3 WEEEEN, 850 CAMA S EMETOMTRAL y MATIRIEXThE(RDBRHE, £
FUE FBED & SE S OIS R TE A B QAR OEIICER LT 5L Bbh b EHkT
BOABRBEIOENE Fig. 3.2.6 ILR9, Caji@ﬁ:i’m;tf\"v-y DR vy LR T A
N TVBIR LIS, <Ly MEW - DHBERED LR LTHTRT TV 5, TR
HIIC BT, “bv FAERIBAAFLETIREESL LT, TOBIBRL .y MIET L LTHR
HENTAEEZL LGRS,

4, WEEOERBENTHDEBVAELE, ~Ly bEHBTET ROEEHEATD
7 DR, EEBESE FTORGE F AR LS TORE <Ly NRUOHEEOHET DR

BAma T EnbRiz, COEETH, REBEOCEEORELTOMRRET, Ny b EEBEDOENC

KEDEEABEOCTED, BEBOMIE, vy MEHEEA2CTUBRONMVEREN

HEATIEHEELTOEZ Edbip a7

Tabtie 3.2.1 Test Conditions

Test No 1212 1213
Test Fuel Rod 1 0% Enriched Standard Type
Energy Deposition 194c¢cal/g +UO, 196cail g *UO:
Cooling Conditions Temperature 27867C
Pressure 7.2 MPa
Flow Rate 0m/ s
Instruments Pellet Elongaticn
Cladding Elongation
Ctadding Surface Temperature (3)
L Water Temperature i3)
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Elongation Sensor

Differential Transformer

N

/ Core

Cladding Elongation Sensor

Core
/

i
AY

T

Pellet Elongation Sensor

i UQ; Pellet

Test Fuel Rod.

Fig. 3.2.1 Conceptional design of fuel pellet and Cladding elengation sensor
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Pellets Elongation (mm)

05 K

] i ] ] ] : H

0 5 10 15 20

Time (sec)

Fig. 3.2.2 Transient history of fuel pellets elongation in Test No. 1212
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12 3 | 4
|
25 Pellets Elongation
—_—— ]
" T 4 1500
ﬁ - T~ — _ . _Cladding Elongation
2.0 _(:l_ac_lding T e a3
-i?ﬂj:gilh _.,_-—-——--‘-"'-——.——"——-'—'—-_‘.-_M_—-‘ 1200
s = — —1 /_ Cladding Surface Temperature
E 15 ’ '
5 / 900
5 /
2 10 - ! .
L
- - 4 600
05 P I -
- __,} -4 300
00 i A L 1 n 1 2 i
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Fig. 3.2.3 ‘Transiend histories in Test No. 1213
25 -
o 1500
Cladding
Initial 4
Length
1.0 H > Peilet Elongation 7 1200
hY
\ <4 900
10 B T ]
I( N
S __ <4 600
05 Cladding Surface *-|- -+ = “No - Cladding
' Temperature Cladding Surface ™K . Elongation 1
at Lower Part ..\lemperature’at Lo T T
of the Rod Upper Part -- - 300
0.0 ) \ . of_ the Rlod . [
0 5.0 100 1540 20.0
' Time (sec)
Fig. 3.2.4 Transient histories in Test No 1213

Cladding Surface Temperature (C)
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Cladding Elongation

Reactor Power (Peak Power 460 0MW)
2.5 \
"'”‘-‘-"—mu--u-_.____,--w_—-. -
2.0 \ 4 1500
P e e Fuel Pellet average enthalpy
g 1.5 ¢ Cladding Surface Temperature 11200 ©
~ a"“”‘H ~
Peilet Elongation / \ e # )
g o s & T 1 900 &
= 1.0 o =
2 0.5 - 600 g‘
= a8}
=
' - 300
0.0 )
i L i 1 I ] & i A i ] 0
0.0 0.05 0.10 0.15 0.20

Fig.3.2.5 Calculated fuel enthalpy and measured elongations at the early stage of the

transient

Top Bottom

Ridging

Fig.3.2.6 Post ~ test fuel rod appearance in Test No.l1 2 1 3
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4. BHE V- FEE

(Foh Bw], BB #R)
M
S - T ERIS, Bl E CIE O ER (221 1) —X) £50FEHRL BWR Sl
FRARAE D ISHN S A4 L TS (3 m sLIT) &% 77 —VEORBRUEE L S0 E%
Fite SHE, MY LARBEEAE O3 ACEBRBREORRREHER (2311 ¥ —X) £k
Lice COEEY) — XZHBSAICHAIREZ 2EE8/DITCEH K DI 3 ADFRE CHE L,
FEHC 37 — 2D 5 A — s RBATHFELENE LTV S, 5HE, RAERDOE L EARERERD
BriE, BB OEEEE Ly OO v v TIEOEER FSHMREORE & H~ 5120 2O
FE (Test N2 3 11— 1&U Test o2 311~ 2)58EMHL 1

2) EBRbERUERENT

Fig., 4112311 Y —XORBEMOBEETR G 3RORBBENICERBEZEE L, &
BEAOIKHRD /oA ) 7 4 AORICED KRB ERFPRICAHE T LH A SR EOREEZHE L oo
BEA (B BA T e HNOFBEEOAMETERL, THTREL TERBERU/ M/ IXEITA
D& @& 5 LIRS OERBEHEDBEI 2T 5L O RN TV b, SMBEOALKREHITITEHE
FREMICIE CiEat, B/ RUERE 2R 6 &0 T 5,

ST -2 EBO D BHE 1EIOER (Test No23 11— 1) TR, NS RR BELERMEHE2A
EHHEF v v THREE (£ 40 7R 0.0 5 mm, BE L o FOBEZEDA G EESREE & R—GE)
124 LT LAl L, FHE1 81 cal, g-U0., ORBBASA Iz, HHEEE, S
BE2667C, £717.2MPa &L, HKBEAOHEE, WES » » 7EHCH L TE 1.8 m s,
o 2B L TH1.0m, s R 2.6m, s & Lz, BEFEOTTAIHBEEEMERE (Pt —Pt-
Rh #aExt) |, WEHMEE (CABSEH)  MBHEALER (F7 v 774 278mE) FTH54.
F2EOFER (Test No2 3 11 -2) TEHFUMAET NSRR BRERRRERS R2EMm L, w4
MIEE273C, £/17.2MPa® T T, WEE Y54 —4ELT1LE, 26, 4.0m/ s &L, F
H210cal/ /g U0, ORABESA ., BEFOHHIZE 1 BOER (Test 23111
SfEREE Lo

EBEMAETEDILED%E Table 4. 1. 1ILTRT .

3 EEHER

) REERTERDZREROBHE

Test N2 3 11— 11, AERERO F CORBMHORRBELLIT | 0HNTH S, FAHK
D 3 ADREIEHRIC >0 T, ERIFICER L7 FPO rESEilE 7, 2 h A MhosiEE %X
BRMAEL D T GBI AIERSE & T B &\ D H I TRBBE AT - 720 TR 3 ADRERI
SNTERFNEHAD 2 STHEL, ZOMES 6 SONEADS> A 173 cal /g U0,
B/h1 59 cal  geUQ, , HET166 cal grUQ,; DEAEENNLVABRIL>THAGH
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1oL Db ot, BRSHEHETOES, ~LABHTNCL 5 cal /g U0, Dxry il #5
AONTEHED, COFHTy s v E4LNET S EFERBREEOT ¥y VG5 1 8 1 cal /g -UO,
A,

KEZOERZF, H7 e UEER 4 T mm OR—E L BB LRE L T b, KRE
H T WERTCHEOMBENE L S v FVARICHA TRIERY LIRS, 4 7 erv@EReobETH
DT HE » TR OB TRARICEDE U2 OBRAICEE S BB 3 4 7w LR /75
RIS D 24 Uine £ LTERERTHBHEBORRELEA LTS, ¥ FrDRaDd i34
B TFEPAREELEVWEIRLTSHS, L, Fig, 4 1.2 kU Fig, 4 L3 TR TEEHROHA
B bbb s L5, 2EOERTHN 6AOBMEREDS S Test 23 11 —1 OHEY v v
TEREIRY Test No2 3 11— 20 ZgiMind OB 1 KdH 7 2l hb~ O hi D 5
HE T e ZHUd, MEEOMED SRTH 7 2 AlasAE & D S O ROERE 76
BREDTRHABRENE UABETHLLEA CN S, AFOREFEGESEN 7 VEA W3R
A TR b BN T B, K *2)

B T2 NFESEOE D SR, EEIM RO 4 AROBEHEIC BV CRE EE T U cla &
~D B BESRBETEE T, £, TXNTOREBCE W TENRMMIE ERICEIL LT
Wrohs, BEHIUTE D LSS O FRIICEFNICEEORROS 4o Hd 2T
BENOWESRENELNA SN TV bbb, HIRIDHAFZRGHMRERDEVHDICD
WTHEFICHEOLN TV, REREZOES, RBENRE &MEHERD ORI 2.6 mm THY,
RO EBERICHNBHMOBOEI NSOV &ILRE S, T Ok, BEMIC L ZHENOENIL L
D THEHNCAEEROKE DS E U, £ ORBRBEN 2T T 7ol & 20 Rl & DREEITE
STERERAHIC LB sE LD EEL 0N b,

(i) F» v FROEE

INETIT > RIERE FREBI2F v » VIROEELHANLIERICL-T, BIEF+ v 7D
BEREEE L X W EIEERN T LOOWES OEAMDOBRESHM L LT EPErHLENTH S,
FNICH LEEBSTEEGH T THAHEBE D 0 7 72A0E L 57cd ¥ + v TIRBOEBEI VTV EDEEL
585, UL, Test o231 1—1iH80TE, BESF v+ 7B Fig. 4 1L.3IKRTEED,
BEhREE DY) » 9 TOEDTH 7 2 AFULITR B - T D BE TS0 L, 28D
EEF v o ZIRBEHISHMFEE O N LD O FED RS AHBD BEL TV o, Vy Y
VI EWSBREBABSITE DT LAWEE D, EE AR - T 2FEREH & DERETARE
W EBMARDNCE > TOHESNIHERELALDOTH O, TOEBEMED /7 £l O FE R
BAEO EFULANZREP - TR D 24975, KEBRICE T BRIEF + v TREBHIEESY » » 7EE
FHE N THBESOBILOEENBM L W OB 2 E U b0 EEBZ o b,

Uiy EIM O _

Bl & TICiT » fn B—BEHE A O LS E v — 7ERICE » THR ST F TREIM i 3m /s

(k1) RIGERSWRESE, #1. INSRRER7o07LR-LF—b+13], JTAERT-M 83-193
(1983)
(% 2) " r ” 14],JAERI—M 84—046

(1984)
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UTTRSHMORBOEEIRIFESRE T TP Ebh o7t TCTEHE 3Im,/ s
Az HBETORHMGEOEE LT~ D DERET T, HU, ZRK6m/ s DEEES AL
BFETHFMHEBEEANDF 7 v 7 7 1 2 7 BHEH QRS FEULICKE b - o fcd ik
ﬁféOm/s®ﬁﬁLm%%hﬂbatc

Fig. 4. 1.4 ic#BEEERSRE K OERBERENEE, BikitonTn/ic2211v)—-X
(GeBE184~188cal g+UQ, YDEREADLE TRT.. RBRBOEVWEEETLHL, 2211
V) - ZOFEREHENTHREOE(IC L 2B EARS REDENCRRECL2THDS, ZNH3m
S sUTOBEBTEEANTED, HELL > TEFOBEOREINEDLLOTHEL, ABRTOK
GOEVKELIZEDEELLND, 2211 v —XTEKBRFLEALTHRVDITHL, 2311
) — XTIEFHBRE NS VGHMOBEAE O E oREHt R IEENE B 2 TED, THRED
A RE L LTVWAERICE -2 T0EEEL 55,
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Capsule Wall

Test Fuel Rod
I B Sy st N | Py Test Fuel Rod Nol

)
19|

F
- //7_19“;5&011(1 - Thermocouple

|| Thermocouple

!

/ 4 I\ ID. 16mm
/

- \¥

Test Fuel ' -

] Rod No 2 \

By —pass
Test Fuel Rod No 3
~— | b=] |
| —————— | 1T~ Flow Meter Thermocouple
Coolant = \= Coolant
Flow Flow

1 . _J
‘\/jr_ﬂi ce

Fig. 4.1.1 Schematic of test train for 3 independent fuel rod test
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Test Fuel Rod Nol and No2 (STP)

discolored in blue

ridging
\ T C T C TC
(Top) // (Bottom)
—] | oo 1=
W\aisﬁﬁg/’ \—‘(

discolored in black {active region)

blue TC

L

black 4T D]

mim mim

Test Fuel Rod No3 (Narrow Gap)

ridging

(Top) s (Bottom)

::[:;f;\ﬁﬁfiﬂ

waisting

black {active region)

o  All test fuel rods bent to the opposite dirrection of the thermocouples.

o Test fuel rod No.3 (Narrow gap) bent to the center axis of the capsule at the upper

edge of the active region.

o No failure.

Fig. 4.1.2 Test fuel rod appearance after irradiation

(Test No2311—1)
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Test Fuel Rod No 1 discolored in blue

(Coolant velocity : 16 m/s) (~6mm¢)(~4mm¢) (~ 1mm @)
ridging TC / T ( TC oxide flake
J‘ / (Bottom)

{Top’

WA,
T

discolored in black (active region)

Y +
waisting

Test Fuel Rod No. 2
{ - ) blue

(~4mm¢) (~Zmm¢)

ridging
\\ / ﬁ/ / V4 (Bottom)

(Top) g ) / ©
T~ waisting

black (active region)

Test Fuel Rod No. 3
(Coclant velocity @ 4.0 m./s)

blue (~1mm @)

!

ridging /.*’
Y
\ V} / V (Bottom)

| L §
(Top) / O

walsting

black (active region)

o Test fuel rod No 1 hent to the opposite direction of the thermocouples at the active

region.
o Test fuel rods No 2 and No 3 bent o the opposite direction of the T.”Cs at the upper

edge of the active region.
o Test fuel rod No 3 bent also to the center of the capsule at the upper edge of the

active region.

o No failure.

Fig. 4.1.3 Test fuel rod appearance after irradiation

(Test No2311-2)
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® Test No2311-2 (210cal g~ U0 } Subcooling 12~15°C

®  Test Series 2211 (184~188cal g+ UO:) BWR Condition

020
®

® °

. ®
®

®

P Atmospheric pressure condition

(Subcooling 80 C)

| i |

Z 3 4

Coolant Flow Velocity (m.s)

Fig. 4.1.4 Effect of the coolant flow on the maximum cladding surface temperature
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5. BRBHRE) ] 45 52 B
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Fig.5.1 ‘Test arrangement in Test Mo600—19
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Fig. 5.2 Test arrangement in Tesi No 6 00 —2 0
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Fig.5 3 Test arrangement in Test N6 00 —17
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Fig.5.4 Test arrangement in Test Na6 00— 18
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0.1 SEC 1.0 SEC

0.3 SEC

Fig. 56 Pictures printed from motion film taken in Test No 6 00-—17
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{al Photo of the fuel rod during disassembling the capsule

\d) Photo of the fuel rod after disassembling the capsule

Fig. 5.7 Appearance of post test fuel rod in Test No. 600—17
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0.1 SEC 5.0 SEC

1.0 SEC 8.0 SEC

Pictures printed from motion film taken in Test N 6 00— 18
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(a) Picture through .a periscope after the transieni

(b} Photo of fuel rods afier disassembling the capsule

Fig- 5 10 Appearance of post test fuel rods in Test No 6 0018
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0.2 0 SEC 3.5 SEC

0.2 5 SEC 5.1 SEC

1.2 SEC 7.0 SEC

Fig. 5.1 2 Piclures printed from motion film taken in Test No. 6 0 G — 1 9
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{al Photo of the fnel rod during disassembling the capstle

(b} Pohoto of fuel the fuel rod after disassembling the capsule

Fig. 5.1 3 Appearance of post test fuel rod in Test No.600-19
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Fig. 515 Pictures printed from moticn film taken in Test No 6 00 —2 0
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ta). -Picture through a periscope aifer the fransient

(b) .'Ph.oto o'-f,"fu'éwlf the rod after disassembl@ng_' the capéu]é-'

Fig.5.1 6 Appearance of post test fuel rod in Test No 6 0 0 —2 0
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Table A-3 Characteristics of NSRR

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

{2) Reactor Vessel; 3.6™(wide) x 4.5 (1ong) x 9™ (deep) open poal

(3) Fueil;
Fuel type ) 12 wt% U-ZrH fuel
Fuel enrichment 20 wt2 U-235
Clad material Stainless steel
Fuel diameter 3.56cm
Clad diameter 3.76cm 0.0.
Length of fuel section J8cm
Humber of fuel rods 157 (including 8 fuel-followered

control rods)

Equivalent core diameter 62cm

(4) <Contral Rods;

Number 8 {including 2 safety rods)
Type Fuel followered type

Poison material Natural 8,C

Rod drive Rack and pinion drive

(S5) Transient Rods;

Number 2 fast transient rods and 1 adjustable
transient rod

Type Air followered type
Paison material 92% enriched B.C
Rod drive Fast : Pneumatic

Adjustable : Rack and pinion & Pneumatic

(6) Core Performance;

a) Steady stata operation

Steady state pawer 300KW
b} Pulse cperation
Max. peak power 21,100Mu
Max. burst energy : 117Hd-sec
Max. reactivity insertion 3.4% ak {$4.567)
Min. period 1.17 msec
Pulse width 4.4 msec (1/2 peak power)
Neutron life time 30 usec '

{7) Experiment Tube;
Inside diameter 22cm
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