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Quarterly Progress Report on the NSRR Experiments (5)
- July to December 1977 -

Reactivity Accident Laboratory
and
MSRR Operation Section

Division of Reactor Safety, Tokai Research Establishment, JAERI
' (Received January 31, 1978)

Studies of fuel hehavior under simulated Reactivity Initiated
Accident (RIA) conditions in MSRR have proceeded since October 1975.
The results from July tc December 1977 are described at the
following tests : standard fuel, pre-pressurized rod, gap parameter,
flow area simulation, rod hbundle, waterlogged rod, stainless-steel-

cladding rod, fretting-corﬁoded rod.

Keywords: NSRR Reactor, Reactivity Initiated Accident, Fuel Failure,
Pre-pressurized Fuel Test, Gap Parameter Fuel Test, Water-
Logged Fuel Test
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Summary of the progress in this period
(M. Ishikawa, K. Tomii, W.G. Lussie)

The experiments of this reporting period (July to December 1977)
were started on August 17th because of the shut-down of the NSRR reactor
for the annual inspection.

As shown in Table 1, 62 experiments were performed during this period
and a total of 223 experiments have been performed since the start of the
NSRR experiments in October 1975. The pre-pressurized rod tests, the rod
bundle tests, the coolant temperature parameter tests, and the fretting
’ ‘ corroded rod tests were continued from the last reporting period. Thé

stainless-steel cladding rod tests aﬁd the standard fuel rod scoping

tests such as the high energy deposition tests, the fuel length parameter

tests, the axial power distribution effects tests and the pellet tempera-
ture-measurement tests were initiated in this period since the atmospheric
water capsule for high energy depositions and the newly designed fuel rods
became available.

Besides the experimeﬁts, the designs of the high temperature and high
pressurized water capsule and the water loop were completed, fabrication
permission was requested, and the preparations for the fabrication have
been started. _

The summary of the experimental results and the high temperature and

pressure capsule and the water loop are described below.

1) NSRR Experiments

(1) Standard fuel scoping tests;
Most of the basic data on the fuel failure threshold and the fuel

behavior under the atmospheric pressure and temperature coolant conditions
; have been already obtained for the energy deposition lower than 400cal/g.U05.
3 Therefore, energy deposition tests higher than 400 cal/g.U0; were performed
and the behavior of the fuel failure and the destructive energy were
studied. Furthermore, axial flux distribution effect tests and fuel
length parameter tests were conducted to'investigate'the effect of axial
flux distribution in a fuel and the effect of the fuel length, respectiﬁely.

The fuel centerline temperature measurements were also done in this period.
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(i) High energy deposition tests;

Two high energy deposition tests were performed and fuel rods were
subjected to energy deposition of 438 cal/g.UQ; and 526 cal/g.U0z. The
fuel rods failed extremely early during the energy burst and the energy
depositions at the time of fuel failure were 330 - 340 cal/g.U0; in both
tests. Capsule internal pressures of 107 20 kg/cm2 and water column

velocities of 15420 m/sec were measured.

(ii) Axial flux distribution tests;

The axial flux distribution effect tests were performed to study
the relation between power distribution in a fuel rod and the position of
failure because earlier data indicated that failure was o;curred mainly
at the lower end of a fuel and, in these earlier tests, the pbwer profile
of the fuel rod as measured by y-ray scanning seemed to be higher at the
lower end of the fuel column.

Experiments of two types were performed. The first type of experi-
ments were tests with fuel rods that had 5% enriched pellets positioned
at the ends of the active fuel region in order to lower the local power
at the ends of the fuel column. The second type of experiments were
tests in which the fuel position was shifted from that of standard test
to give the maximum power at the center of the effective fuel region.

The positions of fuel failure that occurred in these experiments were moved
nearly to the power peaking position, and the influence of power distribu-

tion on the fuel failure was clarified.

(iii) Fuel length parameter tests;

The fuel léngth parameter tests were performed to investigate the
effect of L/D (fuel stack length/fuel rod diameter). The present standard
fuel rods are designed with a L/D of about 10. To investigate the effect
of short stack fuel, experiments on stack lengths of 4 ecm (L/D=4) and on
fuel stack lengths of 7 ecm (L/D =7) were performed. The test fuels were
subjected to energy depositions near the threshold energy of fuel failure,
No difference in appearence between the standard fuel rod and the fuel rbd
with L/D = 4 was observed; however, swelling of cladding was observed in
the case of the fuel rod with t/D z7]. Therefore, it seems to be necessary

to perform some additional experiment with the shorter one.

vi
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(iv)} Fuel centerline temperature measurement tests;

In the fuel centerline temperature measurement tests, the centerline
temperature of the fuel was measured by a thermocouple which was inserted
into 2 mm diameter hole in the fuel pellet. The energy depositions were
increased step by step and were in the range of about 50~ 230 cal/g.U0;.
The repeatability of the measurements of the fuel temperature were
satisfactory and beneficial data to analyze the fuel temperature behavior

were obtained.

(2) Pressurized fuel tests;

Experiments were performed for fuel rods with initial internal pres-
sures of 2.5, 30 and 50 kg/cm?-g during the first half year. For fuel
rods with initial internal pressures of 2.5 and 30 kg/cm?+g, the energy
threshold of fuel failure was defined.

In these tests, the failure mode of fuels pressurized to 30 and 50
kg/cmz-g was internal pressure burst failure. Whereas, the failure mode
of the fuel pressurized to 2.5 kg/cmz'g was analogous to the brittle
failure of standard type fuel.

Consequently, the tests in this period were performed to defime the
boundary where the failure mode would change by changing initial internal
pressure as a parameter'and the energy threshold of fuel failure. Tests
were also performed to investigate the effects of external pressure for
the fuel rod with initial internal pressure of near vacuum.

The results of the tests were obtained as follows.

(a) For the fuel rods with initial internal pressure of 6 kg/cm?+g and
less, initial pressure had little effect the failure mode and failure
threshold of the fuel rods.

(b) The failure threshold decreased as increasing the initial internal
pressure and, for the fuel rods pressurized to 12 and 30 kg/cmz-g,
they were approximately 200 and 160 cal/g+U0,, respectiﬁely.

{¢) TFor the fuel rods pressurized to 30 and 30 kg/cmz-g, cladding sur-
face temperature was less than 900°C when the fuel failure occurred
and cladding deformation was 20~ 30%. Whereas, for the fuel rods
pressurized to 8 20 kg/cmz-g, cladding surface temperature was

"800~ 1100°C at fuel failure and cladding deformation was 50 70%.
For the vacuumized fuel rod, failure occurred due to collapse of the

cladding.

Vil
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(3) Coolant temperature parameter tests

The objective of this test serjes is to investigate the effects of
the coolant temperature or subcooling on the fuel behavior prior to
conducting the planned high temperature and high pressure capsule tests.

The experiments were carried out under the coolant temperature con-
ditions of 90°C (subcooling: 10°C) and 60°C (subcooling: 40°C), in both
conditions, the results showed that the cladding surface temperature raised
higher and the duration of the film boiling became longer than those of
the standard fuel experiments.

The post irradation examination showed that the extent of oxidation
and embrittlement of cladding were very severe. and the fuel failure
threshold decreased by about 20n40cal/g+UO; less than that of the standard
fuel rods (subcooling: 80°C). By decreasing the subcooling, the fuel be-
havior in general agreed well with flow shroud tests, as described later,
and the results indicated that the evaluation of coolant thermal conditions

are of great importance.

(4) Flow shroud tests .

The experiments were conducted in this period with 16 mm I.D. cylindri-
cal and 14 mm square flow shrouds which simulated the coolant to fuel cross-
sectional area ratio of typical PWR's. Tests were previously conducted
with 14 mm, 16 mm, 20 mm, cylindrical and 14 mm square flow shrouds, and
the following two conclusions were obtained from these experimental results.
First, the failure threshold of a fuel within a flow shroud of 14 mm to
20 mm in size decreases by about 30 cal/g+U0, compared to a single standard
fuel rod., Second, the differences in the shroud sizes and shroud con-
figurations of these experiments have no evident effects on the fuel

failure threshold.

(v) Rod bundle tests

In this period, experiments were conducted using a five rod bundle
with square flow shroud, and the following results were obtained.

The cladding of the outer fuel rod facing to the flow shroud melted
down, although the inner part of the same rod remained intact. On the
other hand, the center rod failed in two parts at the bottom of fuel stack.
Regarding the cladding surface temperature histories of the center rod, a
considerable difference was observed between the data at a point facing to

the outer rod and at 45° apart from that point agimuthally. The appearance

Vil
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and extent of the fuel failure were, however, very similar to those of the
previous conducted test with a cross-sheaped shroud, and the difference

of flow shroud shape seemed to have no major effects on the fuel failure
behavior.

A r-9 power distribution in the fuel rods was obtained for the 5 rod
bundle configuration through CITATION code analysis. And two dimensional
(r-0) fuel behavior analysis was attempted using the two dimensional finite
element code '"MACDRAN". The calculated temperature history and the region
where the cladding melting is expected showed a good agreement with the

observation in the bundle rod tests.

vii) Stainless steel cladding tests

The stainless steel cladding tests were performed to investigate the
mechanism and behaviour of the fuel failure using the fuel rod of SUS
cladding instead of Zry cladding.

The effects of the tests showed that the preliminary failure was
caused by the melting of the cladding. This is opposite to the case of
Zry cladding in which failure was caused by cracking that resulted from
the oxidation embrittlement of the cladding. _

The fuel rod fragmentation which was seen for Zry cladding when sub-
jected to a high energy deposition was not observed for the SUS cladding.
Thus, some differences between SUS cladding and Zry cladding in the failure

behaviour were found.

(6) Waterlogged Fuel Tests

In this period, the fuel parameter effects such as enrichment, gap
size, cracking in the pellets, cladding thickness and conditions of cladd-
ing heat treatment were investigated. In addition, a high energy deposi-
tion test was conducted at 291 cal/g-UD; which extended the previous
experimental range.

In the fuel parameter effects tests, the amount of water filled into
a fuel rod and energy deposition were set equivalent to the those of a 70%
water filled standard fuel rod subjected to 160 cal/g+UO, energy deposition.
The energy depositon up to fuel failure in thin cladding fuels (0.4 mm
thickness) decreased to 65 cal/g-U02 which was considerably lower compared
with the valure of 90 to 100 cal/g+U0s in standard fuel (0.62 mm thickness).
However, no significant difference in the fuel failure threshold or on the

destructive energy were found in the other parameters tests.

IX
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In the case of the thin cladding fuel rod of which only one has been
tested at this time, the cladding ruptured at the upper part of fuel stack.
Since the rupture location was at the lower end of fuel stuck in the case
of standard fuel, further evaluation will be necessary to examine this
phenomenon. .

In the high energy deposition test, the energy deposition at fuel
failure was about 100 cal/g+U0,. This is about the same value as in tests
on the standard fuel subjected to about 200 kca/g+U0,. However, the
destructive energy increased and the tendency agreed with the previous
results which indicated that the destructive energy increased with increas-
ing energy deposition. It was also found in this test that the cladding
widely ruptured at three different locations, and that each ruptured posi-
tions were shifted circumferentially. The threshold energy for failure
of SUS clad fuel rods is between 225~ 260 cal/g-U0;, not significantly

different from that of Zry clad fuel rods.

(7) Fretting corroded fuel tests: _

The small vibration of a fuel rod induced by the ceoolant flow during
the operation of a reactor is capable of causing fretting corrosion on
the cladding. In these tests the failure behaviour of fretting corroded
fuel rods were investigated. The same corrosion in a fuel rod as fretting
corrosion was artificially produced by a vibration apparatus under the
conditions of high temperature and high pressure. The rods were then
irradiated in the NSRER. ' _

The results of the tests showed that the threshold energy for fuel
failure of the slightly corroded fuel did not differ from thét of the non-
corroded, standard fuel rods, but for the highly corroded fuel rod, whose
cladding wall width was reduced to about 0.12 mm, the threshold energy was
20 25 cal/g+U0; lower than that of the standard fuel rod,

In the case of a corroded fuel rod subjected to an energy deposition
of 340 cal/g-UQy, which caused fuel dispersion in the case of the standard
fuel rod, the shape of the cladding was preserved because melted U0
bursted from the failed part on the clad. This fact showed the difference
related to the fuel failure between the standard fuel and the fretting
corroded fuel. |

These tests were performed under a cooperative research agreement

with ship Research Institute and JAERI.
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2) Development of High Temperature-pressure Water Capsule and Water Loop.

Preparation of a high temperature—preséure water capsule and a water
loop is in progress for the upcomming RIA tests under high temperature
and pressure conditions of actual PWR or BWR, and the tests under forced
flow conditions. Based on the preliminary tests with an out-of-pile test
capsule and a loop comstructed last year, design of the in-pile systems
were completed, and the fabrication of the capsule and the loop are now
continuing.

The high temperature-pressure capsule is an integral type unit com-
posed of a test section, pressurization tank, pressure suppression tank
and connecting piping. Outer diameter is 200 mm and the total length is
7 m. Maximum opera ting temperature and pressure are 350°C and 160 bars,
respectively, and the inner diameter of test section is 100 mm which will
be capable of cohducting a 9 rod bundle test under PWR conditions.

The water loop is consists of an anular flow type test section
installed in the NSRR experimental tube, and the major components inte-
grated in a loop cubicle on the first floor of the reactor building. The
test section can be detached from the major loop and be pulled out of the
test cavity after each test. Maximum operating temperature, pressure and
coolant flow rate are 180°C, 10 bars and 390 #%/min, respectively. Inner

diameter of the test section.is 120 mm and 9 rod bundle can be installed.

Xi



JAERI-M 7554

" Table 1 NSRR experiments (June, '75+Dec., '77)

Number of tests

] ' '
Test Series iu%Zé,,7Z77 _iuﬁiae,7?77 Total
1. Standard fuel tests 18 63 81
2. Pre-pressurized fuel tests 7 i7 24
3. Gap parameter fuel tests 7 5 12
4, Flow area simulation tests 5 14 19
5. Rod bundle tests 2 4 6
6. Waterlogged fuel tests 7 35 42
7. Cladding parameter tests 7 0
8. Ceoolant temperature 4 8
parameter tests
9, Fretting corroded fuel 5 3 8
tests
10. Fuel enrichment parameter 0 16 16
tests
62 161 223

Xii
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BEIEEE ORI S - TET A0 LT, 27 v L ARPBOERICIIK
BRI Lo ThELTHY, 3/ BRAKH-TbULITABESCSSNEELITM
R 5N FRAR A ERAE LT A0 E a7, UL, BERHEHO L L
(EICEEEME L ORI TERBED NI =12, _

8 HERLMHRR  BETFOEETCREEIATKOKICE - TN ERREBLEL,
CRIC k- THRBECEBER (7L o7 vV ER) A LA ARESS 505, KERIZY
Ly T SEEOE LBE O TORBES LN IENTITLN DT HL,

BERBE, FAOREBERHTTRBERICLD 7 vy 7 ¥ /KA LARED ATH
FAfE- o bDAER L, ZROBR, BEEO/NS OBAIEA L X DEBERE O
FREELLD, BEESAS CEBERONES 012 mmBEICE 3 & Ld WL Es 20~
25 cal /g U0, BEEIES 15 C & 4tk 12, 3 7o, BRHERMENTIZBEIBMEIOS BN THR 1€ 72 B
300 cal /gUC, OREBT &, B UG DAL oHERHH 5 L THBER f & @
SHRETE - TH 0, BREHCERLSES LA, 15, KAERIBHEHFFER &0
HAAFELCL>TERELT S 6DTH B,
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2) BEAF A BIUEKBAKL TN

FEEE D PWR & & 0 BWR DBERAICHSY 2 SRS ELG TR RBERLT S - v E
KT E, T, BEUERGTOERD DR KD 7L OBRLIEH TS, &
B LRI AR ORI LOEESE T L, C ORBIZSE SO TERORI S LUR

EETV, BEBETHTEHS,
BHEKATEniE, RBREER MEL 7 8LUCEIINRZ Y 7 LOBR IO A58 200

mm, 2EH TmO—AKEDOLEOT, 24NNSRREBRAANICEAINS, ARBERIINE

100mm. BEMFBEEDH 160kgcm®, BEFEMAEE 0 COTT, BRXIAASYFLETO

KRR TH 2,
—h, WEKH T, HBEEHECALERIIACHPERASGSS LUBRLE Y 7F

BRACELBEOLDT, RBFIBRRERANTHE, FEMEZ, BRER 3904/ /min,
$EHHEH10kg/cm®. BEEREF180C Ths, ABEESARI120mm T, BAIXK
WY FLETHMWTE B,

Table 1 52 fEBE NSRR E&

® B HE A H ) * 8 0B &
52.7~52.12! 50.6~52.6 & &
1 OESMERE | RESESMMICHLRRELEEAL | 18 63 81
BoopmE LanE, HEBELED
S IR K B o 8]
2. MEAKEER BN I & MEREE S & OB RO 7 17 24
o %
3 Feo FRERER | ¥ FTACEROANREEE, H 7 5 12
BitkiZT &%
4 REEEMERER | RS ALIEER R T T e 5 14 19
5, sV FHKIERE | vy P (4 ~5 KD REETOBEE 2 4 6
BULEWE, FEOEEBICSOLTRH
6. BAKBHAR REGEE OBHE L& \E, BIETA 7 35 42
F - i
7. BREEANRR | HEHE, §E, RUERESORE 7 0 7
: BEEGIC RIS
8 AHARST A~ | AHKBEDOBHBESBICRIZS ¥ 4 4 8
2 B 5
0 BARSRHRE | ZARARHORRBESICRET 5 3 8
R
10 BRERKHIR |BUARKREEOELHALS ML 0 16 16
SEHFOTH _
gt 62 161 223
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2. NSRR%%

21 FEBHAR

w0
(1) EBRAH :
M2 TicAabiza— Py VYRR T, BREHH 330cal /g U0 WL E &
UO: X UBBE IR L, B0 - UO, RUMBE D —Fovh & 158 THRICH - Tz, —#
i, BRBHSSAMIERT ARSIV CHEERCL > THEBISRE TSI RD
HTAD, 43 CORREBTHAROBBROA 7 e v NEDEEUREIRL S0UD -
7o . : _
AR, CHETORBELISICHAL, d0cal g U0 L EORARE SZISED
WBESS L SHBEHOERET- 72, o

(2) EER#ER

Fe#E T 483 cal /g < UO, ( Test Na111—18) & 526 cal /g +UQ; ( Test Nal111—19) DE
BRATT - 720 ARBTIHBEHONT 28445 R 270, BEHVIHAROMIC, BEE
DR (BEEORBICHT LEROBEEABET 2 HE ) ZFLICRO T 12,

SR8 OHRE LT ICHT, | |

(a) Test No111—18 ( 483 cal /g *UQ ) : #EEEEZIT 400cal /g Uy LI TFOXE &

NRTHEVELBELTORBE (AT 2V REORER )3 331cal /g-UO;, Th 1o,
AT RANREREA 0kgom® THO, B L TREOE /90 RDSRE Lz, 78021

3#¥105msec TH -1, A7 EVAFECRELER LT, KEOCESRBN xH 2, K

®gﬁﬁﬁﬁ@5'*ﬁmﬁftw@iﬁ%ﬁﬁ?éﬁ@$ﬁﬁﬁﬁwm/mcﬁ$qko

BEHEDO WG LR, 37 v REORLE L DK 10 msec £, 447 cal /g U,

DRMBHFASH BT THNESEEE L, |

(b} Test Na111—19 ( 526¢cal /g *UQ;) :

B OB R, B TRICE -2 U RUBHEBEORBRE BEL COABEED
R, EHSRT IO Test N 111—18 L OB Uis -7z, BT TORMEIII51cal,”
g UQ Thn7e H72VAEDSEKAMAIT 1Bkg /cm® THY, Rt OB 113 Test No
11118 S8 LT, AKBOBERZ A7t AEORELFAPL TR N, FHER
1221 m ./ sec Thotio BEOHKELE, # 7 LvAEORERZ LD 15 msec E<,
463 cal /g UQ, DR\BOKRTH - 12,

$E, WhoRRL, BHENENRHSZCASEENLBOEShMliEIN 283, Ch
BEMUZUC MENMOZFEEICE Lt KBS AL L, BEMICESHER Lizin
(EBLIELEZONIOTCAED LAOBERELTHD, X, BHEOREILL 5L,
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UO2 THEFRICED AT+ A OKFRUECRELTO:, 27, REELTHBE
BE LML F LBAR L TABSOMETRICH - Toioos, BEEST bEEY £ 955
BORREB LT VARG E -T2, BELTOAT L aBOBBEO— BT HHICH
EHBRBoNTHED, BERIIRABLAS O Test N 11110 O Hn L D LT TH L
- Ttz

3 £ &

(a) B RIS ICE < BE O BUSYE B0 RE

Fig.2111i Test Na 111-18 OREMLHAEE OBREFRERT, NCESHA L
T, BT ARER, $TERFFAHACEY LRSS B bR, L T R OES
ARG LT, - ORLIERRA 2 CHEALTVEEY ~ VHEAH LS TEABRShT
B0, RBMESERLEVRETETFO 0 2 ASHCHT 3 EHHOBE LA~ L8
THEREBUES MBS N TNBC Ehd, < ABHICL-TE LA BUEETSH 5
CEBBBEATNS, BUESHEVTHEON 3 EAROESDT S 1 D b OREIR,
E AW B Ut B0 & FE AR THIET 2 ORMEEET 3 KB 5 20 KROBE
BHEERZE BIE—RLTHYD, COBAICBKIRB LAEEZZCENTES, RUIOHE
NEDRED S msec ., MEEME - S 2IROENFELRES, ZORBUEAD L
RAEDONE, BEOS LI THS L, FHEDRE & KD BB I8 50—
HLT0B0KHL, MHEOMMARDTESIIN 10 msec BL T3, COEFIE. #BH
RIS LI BECOARDNSETTEHE DS, EAMORE LR TRE O—5F
DEEL BOTHERNZESICOWM TSI TR W msechh - EEL NS, 0E,

BELD M LA EEABOREFERINT, M dmsec BICECOUEN LR A

St B, RIFEREAEDENTest N 11119 KB LT HBAh T3,
UEDBETRICESOTELS L, BRAREROBS, £ FREBESBINICHE
LTHRE B IS PIcBE I 0 ET v 29KROBEHHEL S, Ld L, CORHTIIR
HEBZ oM ITHRESTZORRER-TEY, T0%R, HLBRECHE (¥ 10

msec ) AT, BRHERBIIBERLTEREZEISDEELZZ LMK S,

W AOKZRICONTHE L, BE#BEL 410cal /g U0, UTOXRRTIZ, BEEME
BLTHMEFRICE-TOTH, BFERZH7T2LVARE RCEOKBOBEHRRZES SR T
RO LT, RERTRATEAVAREORE, KBECBHHED SN, ZALDKXE
i, REBSETEXNEI{U-TW5,

(b) BHBOMBIRNEL S RBHOMEEE

Fig. 21.1.2 1 Test N 11118 OEHBOBREINE L., HNFRITH - 7o BE % Dl
BB ADICROMNG /-8 SUSH ) oBEMRAETT. EELY, U0 <Lyt
BV ERF v F L BOEREC -HLBMLTEY, BAEFARKBERELO¥ 3cm O g
TELTVWE, 51T, “Ly MIBHEIERAD 27 EHIC s U0, OB S, HEL
RUO S BB L F afiE LTIV Los¥lB, F/ BERELOMNS5cm OFRICEDY
ffRohTHA2H. FRBHOFAEBCLI-TEMEBLTEY, BROE B LU WIEI
BEFLWOTAM 0 OHEBIKHE, CHODERID, ERUIBRHBICEATE T 20
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TR, BELTRCABE L DEEZ LN S,
L%, SEBLMWAERERORITEATHL, SRABTOMEBRE, WENRLHE
BV EHORBLEEH T FHETH 5,
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()
x103 ,
101 _ ' Reactor Power

'}

(kg/em?)
15}

101

Capsule Internal Pressure

7kg/cm?

Vot

s — - //:;ffvlk\ Fuel Rod Rupture Time
Fuel Rod Separate Time \u/"h\\\\,_f_,/\\=—s§~\\

)
15 | Water Column Celoeity 12Zmm/cycle

5t /\ﬂ/\ﬂ A NARAAA A
Uwu"vv\/wuuuv A

(kg/cm?)
200

Fuel Rod Internal Pressure

100

(°c)
300

Capsule Water Temperature

200
100F 400°C

5 1A 70 30 40
Time after Arbitrary Zero

Fig. 2.1.1.1 History of Transient Data in Test No. 111-18
' (Energy Deposition: 483 cal/g-U02)
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the fuel for catching

dispersed fuel

the

mm)

(unit

bottom of the net

Test fuel and a part of net after irradiation in Test
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Fig.

(Energy Deposition; 483 cal/g-U0;)
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No.




2

JAERT-M 7554

L2 AL ASEHRRREER FREE FESE WEE BHAE
i

(1) FEBBMn '

Rl Lo BEREEROKER, Fig. 2121 KiRd £ 51, B OMBAME
PR THE— L 0bd Ty 1 HEE 2HEOBTE LB CEHRBENTE, CO
B Fig. 2122 1R & 510, R OB 4 5 F .0 OF o TH 6 OES
(BEFFLTHECECE-TVS ) MBRREOTWMICE LA TFROT » VPRICL -
T, BEOTHEATH IS LI LN L26DERAELON TS, AT TERE
2102 T % BEMAERIHCH LTEB OV » P25 %10 LT, BRERSORREEEMA 1
e ( Test Mo 207—1, 2, 3) &, HBRSH OIS HOME 2L LEFNICT LY C
Lk OB E—F v OMBEE X 72 EB ( Test N 207— 4. 5) AT @R EE LS H
DB R T EBEHNL L AN E L 4DT H D,

(2) HEBBE QLT

Fig. 2122138 O r MLAEL, WAAEASHE2TRLAENTSH S, Test M 207—
DRBME OB <Ly 1 & 1 H% 5 %BRIC L bOTHS, CORRICL LR FEOM
Moty b ORBMSHITI0%ERMOBERE L BB L ORBIREC L -T2, FiLD 2
HEHORLy FTRZOEG, BEAFBILE-THE,

Test Yo 207—4. 207—5 (S OHRBAE O DB L 5L I CMHORMLEE
LemTHAFE LTAEE&DTH B, COBANAE— 7 OB IR L L D5 L3
waEh L, | ' '

3 ER#HRARUEE

(a) FMj¥E 5 %R Ly FEREHC L B HEBEER ( Test N 2072, 3

CRSOEBRTER SN LD, —RICI0 B OBERMEICS LT, BE D56
Boi FHL0 IBHE 2BEHO Ly t OMTELEDM, 5 %@Ly FERA LIS
& (Test N20T—3 ) TI3Fig 2123KHABLHCFHED 2BHE3BADL
FERTAMAVE LT AC ETHA, BE, £ 0OCEHOTHEA S SBES Ly b ICL
CEILE ST, BER . 7 IRBORBENET LA, BEABESBANI<L 5 b
THLMRLD2EEDRL o + & IEHEORRACHE - 1-DTH 5,

(b) BAHRAMMEL TS L EBER ( Test Na 2074, 5.)

Test No 207—2 Bet¥Test No.207— 3T, M-Sl v PORBBAECEZLAC Ll
Fhhs, FARDE DI E BB RE LD & TR TIN5  BIRARE T BT Lk
I BARH A B OIE DRI 5 & SICRERM LD b 4om FHAT S L EBb
Test Ne 207 <4 & Test N 207—-5 TH 2, - | o

Test M 207—4 (3, 2T4cal /g -UQ, DRMETI - bDTH L OBACHBBT
WAL 8cm DB THW ( 7w ®ikd ) Lk, '

) ERBEZOVTOEER

EEBOREIL, Test No 207—2 & Test Mo 2075 L2 TH = #z, Fig.2124,
Fig. 2125 € 707 404 —2 L3RR ZEE L, KARICK 5 MM 5 BHFEROC

- 10—
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EHEIT 10 BRI LT/hE, 10 %BHEBCOOTRHEAFHFOE-IBTHLSD
% Test Mo 207—2 TR TR TER B, LHICH 5 Test b 207— 5 THAHERT
ERMEMENIZS S, COCENSERBIRRBICIHBARRLSSI L EZ NS,
4 F&w
BEBEES, HFICMBUBRY L& DEICHT 28006 ORBBIC OV TREEK
BonrFlugRasbricddn i,
(1) EESEICE O TRE THRBICTHESE RN 4FEEIR, SN TRBICEOTRA
BhEd i licdbEELZLND,
0 (i} B omFRLHsHEBBNET CIKERBRAER R, 5>, BEABRE OHWBRER
FONBICETABEORBBICHBBERLTS,
lil 2ZONSRREBORABORE D, MAMNITH (E¥RHFMLFE))BELZEMHLTNS,
R oTREORBENERBRBOBRSMNB THELLLE2 547 5L, EROBHHEREOL A
ﬁmmﬂB—%VfﬁﬁﬁﬁﬁénéN%T&D%%Qﬁ;D%%(ﬁé&%iénéo
ZhH DN TRARERNICRITEZED I,
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Energy
Devosit i
Test No. Scoping results after irradiation epositior
' (cal/gl0,)
Lower limit of active (unit ;mm)
fuel region ¢crack
200-5 | 264
L
13.9
¢crack
200-5b l }: 267
|
12.9
*crack y crack
200-6 ] 271
| |
rel2 8me—— 57,6 — =
, Tracture
¥
200-2-2 J 271
-
10.5
collapse #fracture
%_LL
200-6b *‘Mf L

Pe——30,9 ——

276

Fig. 2.1.2.1 The place of failure (crack, fracture) on STID



ENERGY DEPOSITION (arbitrary unit)

1.1
1.0
0.9
0.8

JAERI-M 7554

Axial Core Center

¢ (263cal/g-U02)
[x(260cal/g-U02)

No. 207-2

(7% Enrichment

at the ends of
a fuel)

27 1 1 | [ioA enrhchdenc] | [ [15%]

IAxial Core Center

| |
i |

> No. 207-5
\ (210 cal/g+T02)

Fuel Center
|
[ J10] %] Joenrfebenc] [ [ | T [ |
| - '
—-— active fuel region R LR
i i 1 N L i i L L L ! . L L 1 L | ]
0 ' 50mm 100mm 150mm

AXTAL POSITION

Fig. 2.1.2.2 Comparison of_axial power distribution
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Energy

. . . |deposition
tion position (cal/gU02)

Fuel Irradia-

Test No. Scoping results after irradiation (unit ; mm)

i ' Standard Steady
5 2071 Untailed _
| (axial core | power
i center)
|
207-2 Unfailed " 263
! lower limit of active full region
} Jfracture
| 18.710.0 +°Fack
207-3 i " 282

4em lower

! 207*4 “__=#¢fracture from the

% (STD) standard 274
i position

: unfailed

o 207-5 " 210
(STD)

Fig. 2.1.2.3 Test results of 207 series
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+ ++ o stk
213 BMEEocT-sRBREERE SHQHE FEEE R FHRER WIEED

(1) EBAMN .

NSRREEHERIRKL DA E ¢ HME ) 12 135 mm (L/D=126 TH 55, T3 SPERT
—CDCEBSIcLD, L/ DB LNCEIAOREZEATCELZ2LOBATED LS DT
Hb, LTAHT, L/Dohaiads, Sy b&%&%%@*ﬁﬁ%ﬁ]?ﬁj}%ﬁmmﬁg. Bd&
UHASFEHENLLT, BEMEC LY WVESENLTIARELGELLNS,

FER T, BEEHENS Omm{L/D= 3.7 )L 0mm (L,/D=6. 5 ) DK RAMEH
W, BEESBEHEESICEZ 2EBLENLCLEANE LTV S, SRBHOREASR
|3 B R TR AT I BT A5 4R U 2 %Y 280~290 cal. /g ~UO: & LTRHE L1,

e, AEBRTHALLERBEZ, vy METHCHEBR 6 mm DT A IBERBRALT,
Ly BB A EERE OBA AR, FLONLEARSH, BRI OBEREFig.
2131 KmRT,

(2) FERHER

(a) 153 EIE KR :

BEEAT(LE 2L, BHARNHEAOHGE(T L EEDN S, Test No 2341, 234—2
Iz, FHEH 0mm., T0mm OERERAL, 1kWOEH Y T10 5 EEE L, 8 md o
MAREL-OTH B, Fig. 2132 icBlEgsRexRd,

133, Test No 934— 403 234—2 A LA-BE AR VTED. 234— 4 DHEHEBE O
MBS HAE ST -70OT, Fig-213.2 K&ETRT, BRCRSNS LT, wHE
ORFEHRIZIZIT R LTE 234 — 4 DA, <b o MIERBIOTHSS lem
 OEBET, WHSGEHD LELERAATHEDIL, BRAONRGEREERCRN AL I
DONBICHEOT Ly MaIC] mmBEOTEMsELTHREITHIE LTS EEDN
5. ,

{b) »en 2 EETERR A ELE

Test No 234— 3 (IAHE 40 mm, 5B E 288 cal /g-UO: T, Test % 284 — 4 BRAE
T0mm, Z#E 280cal /g-UQ, THH LEBRTH S, Fig- 2133, 21342 n€no
WBAGRERENSATd, MECRESNE LD, BEREME 234 -3 51 1800CL LT,
234 —4 D 1TT0C LD &ETHEL ., PLEFHBEN O x> FRME 234 —4 K1 6.5~T8,
234—3 DK 6~65 B TIHIZHELL, Livl, 234— ¢ DRBEHWTM LD 2 mm ORE N
(#1100, BHEHNLITESBCELTHLSHERETL, W2IBTI/ZYFLTEHD,
OBE & L ORI - e BBATL
(c) EHERE

234 —3, 234 —4 OEHBELTES Fig. 2135, 2136 TR T

Fig. 2135 WRT & H1C, 234 -3 O#RHI, RBFOHRT 2OEHHENTI T, £
LTFHOBRES I BN CERL, <Ly PSEHLTHA, LEOBEECR, #L
WERE ST v I BBROSNELEYTHS, 351, BHEOEHLD, <Ly bR OEB &
BEENEML, BEEEI L. PO ES FRESH. HRESHMUIRALTNSLZ
LHBEHON B,

a4 a1 i 27 o i bbb e
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HEBMAEHLA SAMRONA, $, 234—3, 284—4 (3, HCBETHED R =—H —
BEEICKEROMRBIESRSN I, B, 234 — 4OUEREICLAR, LFOF 4 3
TEIVTFET I 2% —(3, —BBRIELUBSEBEEL2HE-TED, THR 22—+ —
BHELCEHET L F 2T, BHTHEP VUKL LTI, Fr2, HWEEESL
v MIRLCHBINTED, AMOL » FERBIRO LT ET &2, Fig. 2136
DALy AR RGN ALDIC, BFE<L o FOFHE. 1055 50 LRIRICE -
THD, FOED<L » b b, BABSBEBLTI 7 v IHA-THD, HBICTH5 3 HE
EAEEDSL Y M2, EiC@& LcE 2. 3BOBEF AN TV,
Fig 21371, 24— 4DRHNECXRERELIVBHENRCGEERELTT,
BHBXEEELD, THEAA—4 iz, 2R ODEOUO, hEEHICELEL, |
BT+ aBICbUOBMARNEELTOT, BICEHBFT 22 Licld, 6 mmOERIZ
UOMmEDHER L ChAc ttvbdd, $72, NRGHBEH#RLYD, BIERBEIVETE <
Ly DLy FEDEICE, IomBEOCTIMATETVAELENANSN S,
E, B4 —ADSOT 2 ANE—E— Lk BREABAIERE RS, Fig. 2138 CRT,
CREHIC, 23— 4TI, RAETHEHLD lcmBOTEASAE 115Tmm (BE 7.9%),
RALTHT 610 1L4mn &, BHTEREHSAEC, @oHOREUREHSEL b D&
Bbns,

3 % =

AER T, 4cmOERIRE 234—3 25 288 cal g - UQ, ORME THE L, HIFE DR

W 777, BMEORERZ BIEA—-RABOTEBEOES LEICERRO DD -,
ChRH L. TemOERME 234—4(2, 280cal /g +UOs DRBEBICbHmDSF, B

RHELTHEECLChBR O, ERBRIBAMETHT %TH0, Fig 2138 kR

GN5LDIC, HCAORERRTMICRZIE—TH >, i, FRA—FG OEEMN
T, BWEOBHBUA R T4 %BETH 0. TR ORBIE> S0 THARICE T 5
DEERBELTRELBHERLTS, COBRICOWLTE, BERHTTH S,

L2 AT, LE2ADERMMICIE, Fig 2131 WRLAL DT, =Ly FTHcz D
RWRA—H—MHUBFEHELTEY, COXIUBBEOHESEESICEEL T4 T4
HHH2DT. FERFIOALS, BEEOHBE L2 VECSLIEITESICDNT--BITE
WERACLIATEUL -1, %, A—F—HONVERBHE EEROAERETE -
T, BHEOREZVOLICT 24 EN DS,

— 18—
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spring core center  u) coocer (0.6mmo)

Test No. l
RN =

b — 40 =52, 5=

188

active length

s =] (=

IS— 'y ——-——-—+-67.6-’

202

standard fuel

7

iron core 135 -

238

Fig. 2.1.3.1 Test fuel rods for test No. 234 series



Normalized Power

1.0

1.5 ~

0.5

JAERI-M 7554

Axial center

*® 234-1 (4cm)
O 234-2 (7cm) Low power irradiation

e 234-4 (7cm) After pulse irradiation

Pellet

234-1

| ] 234-2 and 234-4

10 15

Axial Position (cm)

Fig. 2.1.3.2 Axial power distribution of test fuel rods
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Cladding melt

? |

Cross secti f fuel rod
Lower © s on o uel ro Upper

Oxidation

‘ Fig.2.1.3.5 Test fuel after irradiation in Test No. 234-3
(Energy Deposition: 288 cal/g<U0,)
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Fig.2.1.3.6 Test fuel after irradiation in Test No. 234-4
(Energy Deposition: 280 cal/g-<U0,)
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11.6 -
1L.5F Test No. 234-4
Energy deposition:280cal/g+U0;
11.4F
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i Fig. 2.1.3.8 Results of the profilometer measurements for Test Wo.
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214 BESORENEAREEE BNAE AR FREE. DIEE D
(1 EBREM
BERICETBE y » TAVE I 4V RPOEE— %Hﬁﬂﬁéﬁﬁmﬁﬁ¢ PRI B AT
e FORIED Y, BEGLEEBERSOT - s NBETH S, AFER L, NSRREEMR
BT B BB R REY (W—5%Re /W—26%Re) 2D AW, = OEBIIRELER
SR, FH o FEFATARhOT — 4 ABAL LEBNE LTV,
(2] EBREHR | :
Fig. 2141, HALABEEORERATL, Table 214 1. FLRENERMES
OiEEETRT _
xiﬁ/u—zri,«v,r@qn¢DNB§@xrcam%gma%ﬁﬁfatw #
BHET AL <AL FTORBBICENT, #0ELRHETL -7,
T@m2i4&2¢43w.%n%nTatMQ%HL2%—2@ﬁbﬁbﬁﬂd&®%ﬂ%.
BELLEESLUBRSLEEOREBEO—EERE, REMRO M0 AE LHITRT,
T4, BEEEHADNBAAGIIBA (206—-2-2) BLOBAEHE (206—2—4) O,
£ TR & i Rich RE OB R 4 £ W E LFig. 2142, 2143 ITRT,
3 # %
(a) ok ohC R BRI G2 F A O R ERUC & 5 RIRE FE ORLE
Bl ~ & BEPOREST, (1), EAEZET, ()& L. RENBEH—-WELOH
W42 EEELT, +OBERE T LT 5L, RABBIT 5,

Tu(t) Tt )—Tu(t)
dt T

BT, BEr KT E, Tn (t) REARROT, URLOT: (1) 2RDHELEH
T B, :

L e BT, Table 2141 KR L5, MEHLAENEEMREL O — 2% L6om
THD, v REBEHEBEEOREFEHEF v v T3 VF IR VREAMEA - LEZ
b B DT 1 T300kcal hrod CE BT 3 &, Bo0 OLBRERIC LN, T ORER O
EEIIW 0. IBVEELESL LN S, COBANRICRAL, THus/FfHRICLORD
T, (1) OBEE% Fig. 2142, 2143 CENERARTRT,

124, W—5%Re/W--26%Re OB} LREDERKIT, #1600 CLUETRERD®ST
AT AY, Fig. 2142 2143 OBELEEEBIERELRELTHRLIZSDT
%5 | . -

37, AHETH, MEGLH (2mme) OFBRERLES 7,

(b) BEch.REOEE
ﬁg21422143®%aﬁﬁﬁﬁ%%@btWﬂ$uﬁE¢£#%Kﬁbn5;om

O RE L R BEIC L O IR RNICER LTV 5, LT, EEmADNB%E

MEITOES (Fig. 21420 i3, #BHILBERY-7CE LThoEBIKETL
T B#, DNBEBAZIEA (Fig. 2143) il , E— 7 CELTHLLER
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BRI BEOCBMEERDOD, WEOPICETL., HREENM 7 = »F LTHBRCETT
A&, BEALEELEEBILET LTV, 2LT. ¢/ ry5FROBEDLEEBERETE

CBid, DNBEEZ U - cfELBBFLERIKHD, B & LHBREICET 2 HRHR

BEERBCTREINTVWAEL AR LTNE,

(c) WiShe 10 k5 BEHRIES B8 & OB
BERELSERICT, 5T $TERLEEEEL, Cp(T % UODHBMET 3 &,
%®ﬁ®%%%uL?CﬂTMT?%iEn5OC@Jéﬁ%%%?wmibﬁﬁbt%%
ELBABREOBEML, 2051, 20602 OERMEEOHEE Fig. 21.44 TRT, 27T,
Cp(T) & LT, MATPRO 7 — ¥V THRARA T BRAZE Al 7o

K, 8% exp (6,/T)
T?*Cexp (6,/T)—1)?

Ks E -
Cp = 15496 [ + 2K, T + ;Tf am(—Eb/RT)]

Cp = specific heat capacity (J/kg—K ) § = 535.285( K )

K, = 18.145( cal /mol ~K) Ep = 37694.6 ( cal /mol )
K; = 7.8473%x107* ( cal /mol —K? ) T = temperature { K )
K; = 5.6437%10°%( cal /mol R = 1987 (cal/mol —K )

&L Z AT, NSRREMEEME TIX, hLBORMEIIFEHICH LTHTT% LI AN TV 5, Fig.
2144 OXR N BBSAOBELZTU >R TH D, AKICRS B LI, ER
&z DBEMBIEILLRORB—HLTNA,

27, L ZABBEOEDBHS OROFAEZERT NI, DLREDREMEE, &R
CER UL D OB NELEZSND, COERME, MCDRAN = — FaEtHi
kBE. 200cal Sg-UC, DRBIFICH 120 CEFM S . BRELFRY LRBEOLE
¥ L0BEEICIL B, COEALERTNE, ERUERAEELIG PR NIEMILH D,
(d) #0ELBALRBLEESLCEREEEREEHCE 2 588

Fig.2144X D, Test N 205—1 & 205—-2 OE—HH#KBICET IBEMEHR —HT
B ltnd, BEHLEEAEOHRMRZRECHIEEL5, 27, ¥ 150cal /g U0,
ORBEALE5Z -, 205—1—4 LU 205-2-1, 2, 3 OREEHFEI—-FHLTWHET &
5, BESLEEIZE,. Ly FOBQRSOBEBRICESCAZEREIAD NN
e )
wRiT, EEERTIEEEH L E2 L, Table 21.431CR L2k 5, Test N 205-2 IC %
WT, #150cal /g *UO: DRMETIEHRVE LRH LR, 1EHE TIILAEX 0
DNBZEBATHIBDEET/IyF LA, 2HETHA#EYHDNBAEAYT, 3O
HTREBBFHRIOD S mmOBEN (£7 ) 0ANDNBAKZ /248, ZDOHONETIE
DNBZBARLD -7, S |

¥ 7. 1076 4F 5 A ICEHE L7 Test M209—1 Ti3, % 180cal /g~ UC, DRME T 5 H
#OEUBRETEG, 1~ 3EEBII 0 2B L ICRERESERSBRIENICE D,
3~5BEBIZNIFEEMNRRESNLNEVIHERNBLATNE,

Plro@bR U BHEBHEELD, ~BEDNBEEZ AL, KELBEORSICL 2 HEE
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HRESEIILVESBAZII I Lsbh -1, TOREE LT, BILBREERSFICLS
FHREOEL, H5VHBBOERILEF v v TV 578X AOBLULEHEEZ LN,
SHRRUEET,

4%, Teble 2142w/ L&k Hic, DNBA#MANWRRETIMRE L&, &

150 cal /g *UQ, DRBMBAZ5 X 12 05— 1472, 2REHHDNBERZ. 1~28T
JIvF L, HEERREESHICIRDELOEBIECADSNIED T,

FREREC LNE, ERRERBEBIT205—17T231 cal /g *UO,. 205~ 2T 234 cal /g *UC:
LBLALA—THA2 bbb o T, METHBRERAL., BEFRB2/ -1, Z0E,
BiBEOFIHEOE LRSI L2 EHEUREHEORII NI OB -~ fob & BEZ 01 518,
BOELRBSICEIMBLEVEDEEDWTRBEERFSLES, T/, HELLBEE

i L OB ORBEAR SN T,
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Table 2.1.4.2 Summary of Experimental Results
(Test No. 205-1)

W-5%Re/W-26%Re

Active length

~3] —

Energy Maximum Maximum Cladding Surface Temper-
No. Deposition | Fuel Centerline ature (°C)
(cal/g002) | Temperavire i #2 #3 #h 45
205-1-1 36 400 92 122 128 100 70
205-1-2 36 300 133 129 116 143 -
205-1-3 70. 800 - 166 226 100 48
205-1-4 ‘148 | 1,640 802 1,040 893 1,051 74
205-1-5 209 2,170 1,333 1,463 1;356 1,430 110
205-1-6 231 2,280 1,340 1,490 1,360 1,450 -
#1#5: Pt-20%Rh/Pt-407%Rh
O e 33 = 33
#5 #3 2 #1
— |
—+ I
]
F& 60 -
135 '
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Fig. 2.1.4.2 Cladding surface and fuel centerline temperatures
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(Test No. 205-2-2, Energy deposition=154 cal/g-UOz)

. Cladding surface temperature #2
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modified with analog computer
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 Fig. 2.1.4.3 Cladding surface and fuel centerline temperatures

(Test No. 205-2-4, Energy deposition=234 cal/g+U03)
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Fig. 2.1.4.4 Fuel Temperature vs. Energy Deposition
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22 MEHRIER (XEE=, GEAR. BERA%K. SHHN D
1) &% 2 _ - '

i TOMERBZBICENT, SIHNE 0kgcm? g $LU 25kg/cm’ g DBEOM
BLENMENBESHENRD, X, WEEELIELAEBBRE T OKH L, BETIRNE
BEM TR EMEREOBAL XER DT, 20T, SBRPMNELFIC €T 5 —
4 LTAHELBRLEWVEOBEG LU VWO NERER AR TRONEICHE L TER
%K%%?%C&Kiﬁéﬁwt?ﬁm.ﬁ&@ki&ﬁftw;ﬁfm%®ﬁﬁ%ﬁiéc
LA, RBBEENEEAE LS~ lkg om? T35 5 bssHE OMBBIRICS 2
ZEEA T, ST -MEREEROERRA B L UHEBBM % Table2 2.1 ICRT,

FIE TIIT - ERLSHTCNTITCREBONTMRAA2ZT LD LRODLDINS,
fa) MPAIE 6kg em’g LITCHBBBBREES LV L VEICNEOEBZELALR

SR, 7KL, BEBALAEZCLAZLDE2OTHBRALEWMERBLALE ST

EBRbhah, BEFERAECLEZ 79T RATH -1,

(b) #EAAIE 8kg ecmig LI LTRERBKB I 2AEHBELR L, HBL S WEREDER
¥ T2# 260 cal /g *UQ, TH A0 icH LIBIRIE 12kg/cm® g T# 200cal /g - UO,,

20kg cm’g T 180cal g « U0, » 30kg em’g T#H 160 cal /g <UO: &ET LETHIA

HOEBREECE OO S,

(c) WEBRELMBRE TS, TIHAFE 30~50kg/cm’ g OEA& ICIIBHER OWE &R E L

OCLFTHO, BEEDL AMBRFANT 20~30 & /hZ0 okt L, FHAE 8~

20 kg/cm’ g OHAIHEEOWEBERE 2 00~ 1100°CT, HEEDL (N2 KN
TE0~ 170 % E A& L,

(2] EBRER

Aﬂﬁwﬁﬁﬁ%%wfwﬁ®%ﬁ%nﬁtcﬁﬁeZ%uAiTKﬁoL?«TQME
BEEBOEREZEELTRLILGOTH S, T4, Fig 2218 L UFig. 22 2ICiEfHE
DBE ONELE, TIHBEENTE ERBREBA T4 —2 L LTRLTH S, HTFE. $Hf7-
fERB I DD BEICERBYT 5,

(a) Test Mo 231 — 23 __

Zid, FHEMESD 30kg om’g OMEBRHEROLBERBEERTHD, RAER

353 cal g+ UG THFzo BE<Ly b O—HoIBH T LTHBEOMICRE LTV
b5, BMEBEHASOS ODLICHHTEEND ISR Liduh -7, HREEORBETTD
NEEREAR OV GRAEBER T, BREER -BORE <Ly FOWMKNFALELBIT,
BHEBEHEEREECYFEINETHERLTO:, oA, m&mﬁ®ﬁﬁﬁﬁ
Wﬁ@%AJO%MEmﬁﬁmﬁt@mfﬁéﬁ Z 5,

(b} Test M 231 — 18, 20.1

cﬂéd.Wﬁ%&ﬁﬁmmyhﬁgﬁééﬁﬂ®MﬁL%mﬁ%*b%tb@%ﬁf%

b, R#BIZEOFN, 237, 200BLT 177cal /g-UQ;, TH -1, RHEN1TTcal g+
UO, DB 4K %, BEZHREEORBICL-THBL:, £/, ZhookEiLFig.22]
CRTLIIC, OTRLRERSKE BTV 00 THE,
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(c) Test Mo 231—6. 25, 24 - _ :
ZHnit. PHMEEH12kg om’g THABEHOBELEWVEERD AP OERT
Hh, RBEBIITHhEN, 227, 200 LT 195 cal /g UQ, T - 7-, B#EH: 195cal g+
UO: DBAERE, BEIEESORBICL - THEBLL, T/, 05 OHMEER Pig.
221 RF kO, 20kg/emig MEDES &R, HEEMAS(BATHE, @ARK
12 Test Mo 231—5 ORHFBRMEOORI N T Z 05, Test N 231— 6 O RBEHBE D4 B2
CHEFFCRUUTOH S,
{d) Test ¥ 231 — 26

i, NHEBERHORBEEZ R BENERERD 5 - OERT, MBMESH
8Bkg /cm’g . FEEIL260cal gUQ: TH 1o, MEHLIDL O BEEETORBICE - TH
BLf, DIMESS6kg ocm’g DBAIICIH, AFBRBEOBKBBREE LT LD
5, Bkg/em’ g HiMF LA WEN D, AR OBENLFig. 221KREN T A,
(e) Test No231—7.,10.9 .

ZHoid. MHMERL 6k /om’g THEIMBOMBLE VEERD 3 OERTH
D, BRBEITIENEN, 278, 260 5 L U 246 cal g+ UQ, T H - tz, REF s 278cal g+
UG, DRiCid, MEGHBEEOEMICL-> THE L, ZOMOBSICIBEIHE LY
»otz, Test Mo 231-7 BLU 231-10 DRHEBRE ONAE L Fig. 221 IRI T B2,
BEEOEFRIZABEAEIUL, QERNORSEOABRICLT S,

(f) Test N 231—15, 14 _

hoid ATOEEAR /-0, #BERZEAZBCLEBHLHEOTIT-LERTH
D, REBITOTN 259 BLU 288 cal /g UQ, Th -7z, RBMEH 250 cal /g U0, D
HBRTHE, HEEL O SN TLOBLD, jLy b—~Ly MNIOERICEHT OB A2FR
LT, BOBICZERRO? 7 7555 5h, REISRON TR B 15 Y, WEE
B EOBIR LT, 2, R#MEH 238cal /g-UQ, 0EB TIREIIHEBLT, #HE
BIRLTH- 72, Test N 231—15 DRHEBE OABIL Fig. 221 WRANTWHE,
3 & %

{a) BRL 2 WEL L UHEER

ISR OREIE L& MEDS £ CRHEBRMIC D TIRETE B CEE L L ATHD.
SHOEROEBICE - THMOELEC ALNED, BICPHES~20ke tmig BLU
BTG OB BRCBT 2 EZERLDFABORLE L, ZRIZGOABEERTE I EARS
5 A B E Lt BIRE T~ ERSBDT RS CIEAT - 2 MERMEOER S &
BEBROAMAFig. 223WAT. ChITOERFERLIOBEL SV ES LURERE
WDODWTEET B,

(i) BE4E L Xl

IME AR DR L & VIEICE L TIRIMEAIE 30 kg Jom’ g B F OBA K> THREE

Mot TbE, PHMARE 6kg/cm? gl FTIRBE L& WEREMERHOBE &2

EAER G T 260cal /g-UQ, Thsa, FIHRENZHE F8 04 icit Fig. 22.3

BESE LD ICHMNESR ¢ B0, B LECERET LTV, SEKNICIRE
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BAE 12kg/cm’ g THEE L& U245 200cal /g+ UO: » 20 kg/cm® g T 180cal g+
UO: . 30kgsem’ g T#1 160 cal /g+UO, L BT LOIBNEORENEE LR OO T 5,
MWE 50 kg cm’ g KDV TRERN—FITH S0, BHELIVELERERLIDHA
FEICIZ RO LG, ZOPITHHEERE L 800 CEBA THEICE TS, —7,
10cal g -UO: DRABZ 5 2 /- EHEME LB ( Test W 111-13)° CHBBEERE T
DEFH HILDNB ( Departure from Nucleate Boiling ) BBEA 82 TRESBE AT L
. WEERSEEIZT0 CiTlkF D IEBRAREE B ERRATHE - 2, X FIHE

30 kg/cm g OMERERABRICE T, %ﬂ% 151 cal /g +UQ; ( Test No 231 —17)
T%wﬁﬁﬁmﬁﬁuﬂﬁKHOCT%b.@E%ﬁﬁﬁ@#%&&&?é&ﬂ&mﬁﬁ
BE L R ICitmERE OB REERNICE L TETEDORMBLEI FLENF B,
Zhid, BHEZBOER, S WO LR L) KBESRHOBESITE, HBED S (i
BERBOBE LV bAEBOF v 97 e 0V F I8 Y 2pEFT B ELE B, LIt
DT, FHROBELOVBES kg cmPg OEBEA TS, BEL X WER 140cal g-UO0,
ETFEAZ ERUEWEZT AL,

X, HEROHEEBEEERECOVTEZE, OIHRIE 0kg em’g L EDB AR
800~ 900 CTH 2D ixt L. ¥MEAAMT 8~20kgcm’ g OFA L 900~1150 CL 1L 0,
WEESTEBRGEOESIRFHRT AR DILH L, BEOEARAENTAZL, &
BERICOWTRERTZ0OT, CCTRABENOREENE X O BRREEORE AL ER
buﬁﬂ@?*?&@ﬁi%ﬁﬁkoTﬁkZﬂZKﬁbtJﬁK@ﬂESMQQﬁgH
LA BEBENEAEROEAFH AN N 5 20T, T, PIHAE 8~20kgenf
g DEAKOOWTHBEEORANEANEZ R 4, ZOHE, BRAET L ICHBEDSS
ORI OBREITCRS SREEORMNAD, COMBEAL REERE T
BLOGBOLRLITERLTOECENGD, X, HEBOHE S T Ok~ TH#(
HoaTW 4D EBLN L, BEROBHEARRIVWTNOBES L BEROY-2EL%E
BET—MRCPBEEBECETLTCEY, —F, BRNOEFERE & Table 223 R
TEHORE -/ BEELZBI TR TORDPCMBEEEE LTEHATH AN, BELALE-ED
BEARELTHARETHL, LT, $REREOHMBLRESITOLIENL RE
BEAARELTOROBEERELEZ, BAKOLEN L LTH, ARRBERORANA
F, #BEREs L TREANERORE, #REOHRKE LTROHORERERELT
Revt, HE, BHEEEELLTE ATFLLBEREFOBREZAELTHSDOTIRIGN
DT, AEL:I~4 EOBEOEHE M, X, AERBEIHBECRORE THO,
WEHERATLOREENSEEL 12505, WREORBIT 0 X HAFERD DI
BLTHSE~TED, HAETIIE 4 20~ CEELREON S, LECEREZENT
Kb 1 ERBE OF J 85/ % Table 2.2.4 R, X, YHINE 8~20kg/em’ g WH L
THBEEIHBELEOR 65— THEH, COREHO I r— R 2O TIRRESKXR
AEZ8%, BLPCHBEEEENESENLY. TOREER PRIt y—2 LTINS,
FLT, oD —AKDOVTRAECHEREL, BRBORRERESTITLLIDE
BARELDDS, LA HEEEES:EILN. BBREEREELZORCAREL G
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S5 D5 % BRE L Table 2.2.4 IK57 Lz,
VAR 30 £ 50kgcm’ g DS ITIZAEROBEERNEARIE LITHh- 720
T, OMAE 20kgem’g LT OBACREBZRICL, BEUFORED TICBAN
FEAst T 5, |

® FPAT 0kg/cm’g LT OBAOREREANEEHNED 1245 (#k) &
L. CDBA OBE~ Ly b O IR B2 UO, BE 2000 ClestiE+ 2 2.5% > &
3, :

@ EAHBART 7 24%E LSS ORREOBREEDOE BZERKRE 7.5cm®
L, TEFAEEE LD - BB 35em3ET 2, X, Coth, <Ly F—HE
EHOF » v 7HREIZ 038cm® &9 3, _

® BEMOBAAERISNL . POBBELFLF LA 2BEDLRICE - TOAET
BhDET B,

@ HARPINTEBEASGKCEACE> b0 LT3,
PEDORELOTHMAE 20kg/cm?g UTOBAEDBANEROS VI L7 2 RES
kb,

7.5cm® X P, 689 cm® x 12 P -

300°K T, °K
T, = 330.7°K

E70, WA COBELRERBEON S, RICCOBEZRICLT, THF7 2L LOBE
CFUF LT ARE FEEZRDZ ERTICENE, DT #7215 LOREETUO,
BB 2000CE LEBAOBKAERMPAED L5755, UO, BEARBE L L
THH L. W30 H LU 50kg cmig OBEEBICSDVTREARES KD, X, i)
WRER HWGHZ M LR 4 Table 22.4 iKRT, Fig. 224 izl FOKRLD
RO MERE OB R CRFRIEN EXBBRENTWE LA oL ORREE
(Ultimate strength ) tZHBLTRYT, 23k dD, NSRRERICLHESHI-HHE
B DF ARSI EBEIC OV TDREE & hET 25 10~100 ¥BEA X LT3,
L L, REREBEOF -2 @A E LTHABKRE LT —2THi2L5Z 20,
PUOBO—BERLTOBETALI, Litdi-T, MEIALBEICH LT, REE
HEREOL DICEMURBBSME SN -BE, BEROBBENT - HETEEL TR
HkE, THLORDEBEDLOBBEEILTLIFAGT — 2L HET B LTk
S>THBLTHENEFLRBOIENAD,

(h) wEsE _
HEBBICOVTHIRERES 20 RBHEOAAEZEICE - TEL 5, FINAE
6kgcm’ g LI T THBBEMER VOO 2 RERBRE TR, EMERE &R CHE
HAROEMEBERMORLICE S, L L, BEEIZI O BEELRE O OTIHAE
DHOE# Lkg/om® LbBEL RIS, BRERERIVDYEI7 9728 TH-
too THIZZ OKBOREREIT 259 cal g+ U0, THY, AEIN - BEEEEELRE
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B CTHAEC DS, TOEINBAKRBCEOTEIHEREM OBERFEA LIS
BOBAECE - THWEBRLI7 v 725540 EBhNnb, CONAFEL LTI, B
KMﬂﬁmﬁ%Kﬂﬁnfh%C&Kié%®®ﬁ-ﬂﬁwicf§ﬁbt%@®ﬁﬁﬁ
ODEAREGEEB LTI EBEZONS, HRERDHEE 1790 C BT 5 REHNKE
HEv v 7FE=033x10YNA®, #7 Y vy =0073& LTKR®D B& P, =19kgtn?
1B, AEE LT 19kg om® fER L & EZ BnisL0s. IR ICHISE & h 2 W
BREQETERETHL, FHOHBEERE L LTRECRVLCEIMNELLN, Litdi-
T BAAEAGECZ RS -TbDEEbN S, Thic L, 231-14 TR#HER
HE O EESHY 1600 CTH » 1205, C OBAOBRAEHZH T0kgecm? & BV EFic2 5

w TRFABEREZSNNLL, Thok D, NSRREBICE WTHEIC 1lkg/cm’ BE®
AFEADG S, HEREIEERNMEBOESLEIETRUOARICLS 27 v 72
DEHREN B, BEALEVERAETVGDLEL SN,

—%. FBAAES kg cmig Ll OES, MBROOWINEKRBRTHY, 2hb
RAKBEOBACIHBEEEENEZ LA LR TAREAS R LTHBA T 2DICHL,
c@%émumEumﬁWE&a&Aaﬁef(%%Eﬁwtﬁ).@E%ﬁﬁm%tﬁ
| HREBREOCETRLA25BENEBETHS, 0k, BRKEBHOEEEEE LT,
BEROOOFEZINEI, NESENHBE <Ly P BEEEA RS T EREH,
7 FEB AR DRI o 1 475 4 FIR O 41 MI FE (2 NSRREBR 12 5 LT 124 6kg/em’g T 5
B, FidOL HCAERBECEOTRBE 2Ly McHT BB EEMOKEROAS
C 083THZDIEHL, EROPWREBHFRECEVTRID VIUFTEHS, 0
tz, BAFORIGEEREG T CE O TIHBERCRANEIRINSRREROES L 05
HOBLRAEELISN, Lt - THALHBROBREO TROPARIL 3~4kg tm’g
BELLAI,

(b) EEEEH
IMEBEEBCBOTCRSNIBEBRAEECEHRPLIIFRNLLOTHY, TOK
ﬁwﬂﬁhfdfﬁﬂﬂ%bkﬁbﬁégyéCTH.%@%@?—9@§%K$ﬁ1%6
BETE 5 fed, BAVEBIHLD X SHBICH - BEC DV THRT 5,
Fig.2.25»5 Fig. 227, #IEMEE»Eh 1 30, 2065: T 12kgem’ g OHE
20T, BEHEERTRE LI BHEEROUEEZEHBEARBABOEKELTRLLE
bDTHB, FOBREEVTH, BROTLENHOEABEEEZFOREIRAE L LT
MULTWAE, BMOBEZBTA L, 20kg/om’ g MEDEA I}, R#MEH 1TTcal g
UQ: > 5 237 cal /g U, it s 2, BREBEZRODREIIH200CHEI (33C/
cal /g~ UO;) L. 12kg/cm’g MEDHEIIE 195 cal /g UO: H 5 240 cal /g-UQ: @
%M%HM%EMHth/mvgﬂxh)théocnmﬁb,30@/mﬁgME®%é
muﬁ&ﬁ@%ﬁ%mﬁﬁ%%ié&.%%%mx&mvgdm,memnmwgqmzm
wind 2, BEAESRERE I 400 TN (7.3C cal /gU0: ) LT3, Lok
S, REEEEERTEECHENOBEEIVINMEESBENEIEWLERHEL» TS, C
i, BRT AL S, FHEMEE 0ke cm’g 5 12kgcm?g OREA T, WM
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HEENETTA2X >N THBESOENBSENT 2 (Fr o T 0V a7 8 vABKTFT 3 )
EVOHBELNBLTVWALELONS,

LI—DOEEE, FRULRBRBOSMC HI- T, 12kg em® g MED K45 20kg,”
cm’g MECBAL O ABEVEEUBEERAABA TR LTI ETH S, Chlt, Lk
~FE, THOL. NEMERSETT 2 - nTHBSORNSSHMT 2L 050 &
EFETALHICEDNS,

LRoFELHEERHBTE6DE LT, Fig. 22855 Fig. 22101, #EME &
BENFEN 30, 20 BLU 12kg/ecmP g DEHIT DT, BMEEE RE LKL - BES
EHBRECREHICELBAZERBOEME LTRLALDOTHE, CHoKrH
SHhtikdi, kg em’yg MECHAKCH, BREXRCEESRSHEICGET 2 O3B
WRMREE LB THD, #IC 12kg/cm’g MEDES I, BESROEENBEMHEI
BFLABICREBENREL TS, 20kgom’g MEOCES I EEOITHICAET
BEbDESARNEAD, ChoDEELS FXOMBID VT ERNREMLTETH 3,
THbE, 30kgom’g MEDBAICE, BRBEEXLLOBBERET 2201, BB
B o@F RN Bl 0T, BHERESEHEEEZLNTORGHEICGZ 2 28I LK
BhE<, COBEMARBBHABC B AR TEEN 3, 12kgcm ghFEoBaicit,
BICREHBEOREN T - B -TW3, COHIC, HREEZERERR, BEEOE
ek 2XBIRIZT 50, BEHBORERBRZIRVWOT, ERCEELIRBBRICL -TH
TEEECHARERTZCEMTEETHAD, W0kg/emPg MECESIZ. miFOS
MriRECH 0, HEEOERBLCBREBBORFORBAR I TVELEL 503,

DED, BEEOERBOEMCE 3% o 70V 278 YV ADE T E, MEBRORE

L5 BBESDHROBIN (WBBAN ABEBHITE LI ONEHICRET S5, HBRE
AETOREMKELH)) oA iLL - T, BEEXRTOSESEENTALZ SN 5, kg tm?
g MECEALED, BEFHINLROERETEDT, ABPORIFLF-HTTK
BB TLE-TED. BEHAORARIZ, bULEBFERTEEOLRRIRLALR
AR -~ TWEEEZ OB, FROFEBCBLTI, 20kgcmig MEDES, BHE
%ﬁ@ﬁﬁﬁ%éﬁwé?5@%K%ﬂﬂﬁﬂ%$?5&wﬁc&é%ﬁ@ﬁBK&ELT
WE, LIt -T, BEBEESRE LRV RERBEBHEE T ETOERIKRD I L
b, WRBXRERESSHEIGET 3BLMETR, 20kg om’ g MED K5, 12kg/em’ g
MEDEELOLBNBHSAIL - LRETHIEZRBOTETS 200, BIKEOERD
BIERBEDE CARTRELOT, ZOMECONTRENGEY, ISR GLETD
%,

Wiz, Fig.2255 6 Fig. 227 I0R L BREROBRERERED 5RO L 51018
M%R5CEHTE B, T70hs, 30kgtm’g BLU 20ke cmPeg MEDEE T, B
BREEOUREREREIRARBICRLALKE LV ORI L, 12kgomPg IED
BATIRHAB L HITEM LTS, 5T, 0kg em?Pg BLU 20kg ot gmE D
ACRBERE NS EAERENSE L RACET R0 ESDIh 0 DBEXE N3
LEAB, Cor &, Fig. 228 & Fig. 229 kR Lk Hic, PISIMEESAS LIES
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KBRS RTRESRESBEICET 2 ORBERMENRBLE Ltk TOICEBTHHE
VAT EEHBLTVAE, ZAIKHL, 12kg/emlg WMEDBA IR, WRELEREN
BEBICELAET, 3LALSOBABRHEBBLTVLEEVIEEDL S, BREBEREIER
BHHELRNICETEIHLEIDLETEINTALZL LD, Fig- 227450, BEBE
ROWESREEEGRARNES LZE>NTETT &4, ®iRkT 2401, BRAH M
EiRFITWEMT 2 EMICHZ, chidid, T OTLHAEELRBECHEESBERLTVS G
DEEALNED, R, BEHASAEBIXEINTOSEVIFELRBILTS
EEZBDH LN, HEDc XD, 30kg/m?g LU 20kgcm’g MEDBA K
3, BEBEG BEEORE RIS AREOBTAERRE LTRET S8 12kgtm’g
MECESIEZNZITIIEN S, SEENERE (B ) LTHEINLY, X5CHENE
T4 205K~ CHEBHMIBT S22 505, | |
COADEWEE X SIKPSHICT ZDHs, Fig. 221146 Fig. 2213 THh 3, Fig- 2211
i 30kg cmg MEDCBETHD, B#EH 29 cal g UG » 5 184cal g-UO, DOXE
BT, WREHERES 800 CREELABATREIEE LTHA, RAED 150
cal /g+UQ: OBAR IPEEXARENEOL ~MCTE LT W enic, BEHIBHEL
TV, Fig. 22121 20 kg tm* g MEDHATH 521, 30 kg /em’ g MEDEE L4
AT, B EH 237 cal /g U0, & 200cal /g-UQ, DEBRTIZ, HBEREHRELW
900 "CicE L 7B A THEHIWRA LT A, BB 1T cal /g +UC.DFA I, DD
BEERAABEELZO L ~VIGEL TR OIS CBREZBB LT Y, Fig. 2213 &
12kg/cmPg MEDERMERER LI OOTHS 2, HHEBROEENIZEALFRL LN
L (F1000°C ) IKELTWLADIT, BEED 22Tcal g+ U0, & 209cal/g-U0; DEE
AT IR L, 195cal B+ UQ, DIESITIIBHR LTV, DL 31, 12kg/onf g
MEDEEICIE, 30kgemig BLU W kg /emPg MEDHE ERANDPLBTOIR ST B,
Liti»T, 12kg/m’yg MEBMOHBES LT AT SBICE, HEEFERARED
flicHBEE R AL FHMICRET 6 LOERIELLTHS I,
WREXEAREBEORGLAELC LiCL 0, HWREOEEIBIAHRALIOVLTORES
RBBC E0TXx%, Fig. 2214 FHBRERRRE SMEEAEORRE 4+, XRAELE
U, PUBMEHEAEL S5 A -2 ELTRLAESDTH 5, MMLD, WHERTRER
150 msec B 5 MM EAEDRRICL D, B oHICENSHIZLHT A, C0TE
THBEEOERBEDHOD BT - THWAEZEEARLTVE, Wkg/tm’g MEDBE
OBEEENE S, 450msec BODHLEIEBTLTNAZ EbLEOEHLEMI TS,
6kg/em’g MEDESOBREBEALENITEAL ~ETHEDIE, bkg/om’ g BEOME
BTRWEBIIEACER LEOE LI EELIE LTS, |
BEBAEOBBLHAT 20, L o BREOEMEHEHA 7, Fig. 2215 B0
BEO—FIETLEODTHE, 7L+ ABER, ~SAIHARABRKEREICTIEED,
BEBCELIEREBEENRE LBRAT—BEETLTWE, L LS, HEBEERE
BERCFAEZETEIFET. ¢0BRBUWILHIC IR LTS, Fig. 2216 3, #E
BRE. 7L+ A08E, BEYEEEFESIORAI ANV -—BOEBAEKLALLOTH |
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24, RELY, v ABEOBEEAL G, A IBARABERICEBICIS LD, £
DEHEFOBHMBEAAERETORVC Eobh b, Ch oD &5, BEEREORS
Hi, BEALAESLy tOBRICLIBHBERAOIKKBEORLEL Y v r2BECL
BE (W EDPIOCL T ICE-TiREALERTEREELZLNS, LDLUNS, LTt a
NOEESFREAIERCES - (2L o MEOREDOAH, RELRSHEE )THLLVIFE
#2050, FLr A REONEEE. 0% BNBAEOREDHICHNSC &
ERTHAI,

Fig. 2217 i1, BEHEALREECLABACBon - BEBERAEEOREFTH 5,
FHRICHENLC L, BEEFAELLBHICL - TE O, HICRGRESHTORY
BLETHE, BELBEOEIINE00CH KLU S, Fig. 2211 BXUFig. 22121
RLABEEFHIUBLTLTOEDOAT AN O0ETHA D, BEOER ( ZEAMALH
WIHEBR ) TR, TOERE400CHoARE T2 CEETHS, COLINREOD
BERELTEX v w7 2V 78V AORBOUELLNS, AEBRORMBIT 238cal g+
U0, TH 24, 259cal /g UO 25X LERTHBHBIWREMLOHINALIN
BREEELTEY, MBLTHW:, FEROBEEIREA L TE57,. EXEBLEI2ELE
TV, UL Liadss, BEREBEKESVTRUTOLIBNRENELLN S, THbHE,
PREXROEENLART IS UBEEORENETL, AESFHO T THEREEIFL2E3N
ZIHIRERTETHEAD, COLHINERNRIRBLTRTREGBEETHLLLEEL NS,
THbhE, HEEFOHRENGSL - HRABIROR2BL ORI OMNETIH, BEELS
SERELH LT, ¥4y 7EOD - CREENRCRD, BERAELFEOR 15X
UHIDUBCRURMS L HTVERET, AELEETHEC L 65T, REEODHT
DEVRESRFEIN LD CBRREREEESFZONIOTHH I, TN LTH,
FHUTHRAESLUBITCESV RS HROBEE LTES,

(c) NEESE

MRS BRI 510 B BB EQREICOLTE, B
EBALEEC VT RT3, |

Fig. 2218 QAR N BERBEHENELZVIMEROERKE LTIRLAELLDTHD,
AL EZECIHSHICBELEERILC Ebh b, $/, BRBHEARELSRAE
I EALEELENE VS EESFE GRS ATNS, BABSENE L NHNE RO L
ER-THEE, L18HE 131 OMICRIZAD, T 12BETEE, —F, AR TH
LI, FARERAOTE 72 -BROBADLUTENSE BLTAHD 2231 T
FEL 72 RROEAREAOT #74 —HBHOEED L5 LNIER, ZhoomGIT
BEBNEABZE L-BLD $5E&ER (v F B )hgb i 2 22 EBT T,
S BENRLDTHEEEAL I, LT, CHEOFMOBRIZT - LIRE 74805,
BEANL .y FOBRICKEFy vy TOHRKET L FLBEROHLEEOER &L I REDN,
BUTH1EER D, T2, BABBENESRERKBIIEAEEELRVEND C LS,
BE 2Ly POBRERDPY LV FILBEO LRBARBBICL - THEFLEMALENENDC
LEMITRLTVS, LHLAEHNG, BB, BEALEREEC IV L RBEOEH

W izizasm Lo, 4EE



=
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BALBITIKE 2L H0KE, :

WIC, BT NRECOWTRET 2, 272 LRERBEOREEL, RNEOEAN b
M AN LEBIKRET 2, Fig 2219 & #7 e vAERZDMAEOEE L LTRL
FADTHD, MEALL, BELEATEANTREEALOBATHNERUTTHSC
Ehdhd, ZHiZ, ATRVREDY -RERLZEONNEHAFTZRTHY, BEEARE
DLREEAESEETRENC &, BEOREOBETORESH 7 £ @ ICHET 3 3
TOREFEINTLUROC ETHS,

F, AT EAHTRBERABSLCEMNT 2HMOKCH S5, BELSOTIEILNL, Tnid,
Pl zi, 12kg/om’g MEOBASRBEELLOK, EREBRIRARENEST B LEICH
Mg & 7ebic, BREEEOMEERENMET T 20 ENENEREEL SN 505, VTR
CLTOREUBREAGLST DT,

Ad) ®ES

TR L I, IERE IR LB R i RET 5 7 7 e vV RE B < IHIME &
BES, 550N UTTHS, 7. Wkgom' g MEMBERL -EEREER
( 353cal /g +UQ, ) Tit, BE <Ly FO—BHME T L, BRERE/MCRE LTV,
Liv L7sdss,, SBEREABEOESHA R 2L, # 7w VAL EEEHEERESK 400°C
CELS A TRE LT D, 2 REEEEREN€O% 6 LR L TI000°C HEEILE
LTWa, LEd-T, ZOEREZEFTEH TV HERREIO, REFAT R OREAR
HELTRELTHED, 2OBKELE<Ly OBEFIEFRETIH 7 NELE
BENUED - ESEBIAD,

HT e REORE EFERIC, h 7 EBOKESBE T LLTRTREENRELT
WBCEDS, AT ARERREALNDBELEZ SN LN FORB O DN
FEBEETHD, L 2B 0.2~0Tmsec { FHEE ) ML O/AR0OT, KEUHER
ST DE\II,

e) EEE

OEMER S WRE DL BICHZ 5 HBO T ORBICOVTREE LETTTICH L
7L ATHEL EBONT—2OEMNLBEACCTT 3,

$4, Fig. 2220 FOMMEERES 52 -4 & LT, BAEFNBELRAEOEK
ELTRLAESOTH B, MRLY, OUENEENETT 3 IC >0 TEREF BT EMN
TBCL, QRBBRENT ZICONTRAASAEHMRDT ZEMICH B L5 E0HS
5, o
FB1IEKDOTI, BEEHOCECATITIER~LHIC, Wkgem’g BLTY
20kgtmig MEDEAIE BHEBIHREORELACL2BEOETLLERRE
LTRET S0, 12kg/em’s MECHSCR, HEESENTE( LS LICL 5HE
ETSMboTFNEBMEBEHE LTV EZITHIREORIE O, 3/, b-LF
Bizi2, 30kg/emig BLU 0kgemPg MEDESIIVHDSE [a+f] HTORBT
H0, 12kg/cm’g MEOEAER M) BB ABBETELIES > TI O LNE
W
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E2EIC20TiE, kg /emig 8L 20kg/cmig MEDES, COBEAREVEE
TRAV, cnid, BRAKROFBRERESERBECX ST, BE-FLRULBLLVD
FEEMBELTEEELSNS, 12kg/emiy MEOHEAIE. BAEASFABARMAE
BT RZEONTHAT 2 EVHSEANE -2 DRI B, Fig 22TRRLALLD I,
BEBOEBEREREIRABLECEML TR, LEOEELTFEREAE TS,
RABHECESIKE. NEOLERSNS(, #REEFEHEENENT 5T, #BH
WEICBHZ IR EDAE BN INENELILEZONIN BEEBHBEARIXASE
CIZEACHRELEO EV S EREE bS5, £ 0L, MEBENESRRBICE T3
EAEEDLBVET T, WERERHORBCFRALZRD 2 LuBBICN5, 2F0, #%
BEFHEENGVEFEHBLAE, H-THEITORBELNELEEZLDIT
Hb, COMBIEOOTRFRISCKRFGE2ETA2LECATH S,

Fig.2221i3, O1HMEBERAELZ 74 -2 L LT, BAAFNELAHEGOHBEERA
HEOBBEILTEELI-LDOTHE0, HiC12kg/cmig MEDEAIIE. #ERELE
BT 20BEHBBT 20U O0MTHELEASNLDT, LOBELEEREEELRE
BEETERTNATHEIOANL L, TREITEE, ALY, BEREXEREELLI
DETLABRCEE L —flxBdE, 2205 —7B3 5 E8TExd, b5,
S0kg/cmig B 0 kg omPg MEDZI V-7 &, Wkgem’g BLU 12kgtm’g
MEDIN—7TTHD, BEKOUREXLORE LERHLAT, AIER [a+ ] BT
LR, B[] HTOERLEDEONEHITHAY, 20kgem? g DBAIIE TN
NEgOCARLTWADT, TOBREZFI VLT LOTHEHIL,

o B#i, 707 40l -2ER0T, BEROCEMNORTFEZEAINICH > TRE LR O

¢ Dt E Fig. 2222000 T, BRbAEUBEIL, MERKOEE., £ OERs 50
B THBENSC ETHE, COCLER, B IGENBA TS BIERE OBA & ik
TELERLHLTH B, '

F7, Test MBI DREEKEZRL L, WHNIKKR > TLL DBOBBRINTY
3, COBONBREFARESOMNBICHELTWE, 2%, RBHE2RIMATEE0D
clickl, Foe—F e v I BHEEZENICEERLTO A,

(f} & #

BHEBEBRERED—2L LT, ~BOBBC 2O THEERLIU Ly P OMBEELTT
~1z, Fig. 22231 Test No 231--22 ( FIMAATE 30 kg em’g . F#ME 279 cal g~ UO, )
DLy b ORFEEE THS, Fig. 2223akb <Ly hhd 7 5 7 B LUZEH ( Pore)
DBFoi b b, MPICRUAABGEOCRFHOZLOEER, B L HrLEMLE
NS E DEFICE S b DEEE BB, € CTUODEMT ¥ 4 4 — % 300 cal /g
UO: &L, <Uy MhOBHERBEE 2 EELCAMT 3ERERDTHEE, A
D5 052mm NI TOBSNBRMT S LiCnE, —F, ELOESULEZEIARLS
$05mm DETARDHD, BERBIV—HERL TS, —BICEML LB E LAWE
HEDOERICIEABET VS, BAOE ST NBEMOBRTHS & WD IR
EDET AN, BBTF » 7D2OTR, RL#—- +EIEDFig. 36 KRTDTCL
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THERT B,
BT, #EHORELCOWTELTSHS, Fig. 2223b~e 1. <LV o FOEBERLE,

f WRABHSAVy POBBETRT ABHOLDEENSEBHEH ALy TG ICHE

%ﬁ®ﬁ§ﬂﬁqfhéoﬁﬁ@ﬁﬁu%ﬁﬁﬁuﬁbﬁéém-%ﬁ@ﬁﬁ%fééé%
Bt ~TBILE, EF 2 EHEROBERNUTORIRT EBVTH S,

Grain Size Distribution of the Fuel Pellet Irradidated at an Energy
Deposition of 279 cal/g-U02 in Test No.231-22

Distance
from the o - 1.0 | 2.0 3.0; 3.5 4.2 4.7
pellet
center {center) ‘ around pore |(periphery)
(mm) clusters
Approximate— inside of
ly average 30 |25 |22 l20 |18 pores 10
grain size 10
(w) outside of
pores
20
average grain size of unirradiated pellet : ~ 8u

CDHREANR LI bOFig. 224 TH 5, ABiCi, L2 BAK D& RENELNIC

BHASL .y FRORENT ST LTHS, BRHEEOBIHESIL, —BEICERREE

EREL, —HEHOES LA TAEL L oTWE, T, RLy NROBEES L
ERTOIEBMICRARTES, Thbb, SAURBARTIEINVy MIKFARNICER £
RTE2DT<Ly MEERAROLFBEL L, Lid-T, MRERABCHBR S B
Z, LipL, SABABRKOIPRICELy ME&RIZH, ABOFHELE, £1
Wz, Wy PORERERFELTHLAATREESC LI b, Ly FORBRICEAL
TﬁMmm@thaLwiéﬁﬁﬁﬁ%”w%b.Cﬂwiéﬁ,ﬁﬁﬁuﬁ@&ﬁﬁ
DR TH B, Lidi-T, BRLEVEHICETE2 v tOAFRMFETRESREGS
VOO HBEMOE O H, TABNRRITEC 550, POFETREBNRVHES
BHRESRE OTHBEOESRI AV ENVE S, i, BELAETHCBOTEAESEK
HRETRENERESED SN, ARSTIRIZEAERBE LT, —MICER L o
ST, REDNBENEC 508, HITHHUOERTLH2 0T, ABAFOLITRE
RN THARILTLEIBAKRENBRETNRENEC SV, ~HEARSRMNET
RABHEMEBELRENOT, ABRFLORAEZUHBEENRSS 0D, LMl d
BBz 0T, 2L LTEPLBMAERERNRELINVT &S, £, — K
CELRZERERSIVR=EALKE< BV NTED, FAEGARTATCRIOZEAD
BEICLD, #EHOREMERIN TV AL T, BRMEOKEE IERIC/HE D
> T3, 1, U0, REBTNTEHMATHERS L IERRETHEINS LS TaR



JAERI-M 7554

it SHIZET 2R 0ED SR TN,

RICHBEE CHBBEORRICOOTH LS, Fig. 222513, Test No 231 1 ( HIHIA
[E30kg cm’g , B#ME 240 cal g+ U0, ) OMETROBEERN L OMBMEETH 201,
CORPSHEPIT L) CRHGRBEBFHICL - TRELELD, BOOKEVIRENEE
ODEERA:(, RUOMETRHKERE-THW5 bODORMATL LB L TENEAEND
Ve TR, FLELTUREBREROZCIS6OTHYD, DIHEBEHTRICE LI, B
BUOLLEILACO>NT, BREROBRE LRSKE(NEGHEEZON S, HESBFI
Brude, KARFEABE»OHEET S E, B OB ( Fig  2225b).¢)) TRES
T80 CRETH50, RifObho ke CHNLEHS (Fig. 22251).g) )T, §
L300C KETETICERED, AEICELT, BEBOH»S 90° L E3EN 72845 ( Fig.
2225 €0,6),g)) KHLTE, EEME—EFRERILA TS,
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Initial Pressure JAERT-M 7554

(kg/cmP-g) Test  Energy Deposition
No. (cal /g- UC2)
3 50 231-2 249
231-{ 240
30 231-16 162
| 231-17 150
231-18 237
20 231-20 200
231-19 177
231-5 240
12 23i-25 209
231-24 185
8 231-26 260
- 6 231-7 278
231-10 260
2.5 231-13 262
—1 231-15 259

Fig. 2.2.1 Post-test appearance of fuel rods
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231-15 =1 kg/emég ,259cal/g-UOs

Fig. 2.2.2 Magnified pictures of post-test fuel rods
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Initial Internal Pressure (kg/cm®-g)

60

50

40

30

20

10

JAERI-M 7554

ono failure

° Qfailure

100 | 200 | 300 400
Energy Deposition {cal/g+U03) |

Fig. 2.2.3 Fuel Failure Threshold in Pressurized Fuel Rod Tests

Hoop Stress (kg/mm?)

7.
6l o
5-

o based on max. press.

¢ based on max. temp.
4F
3t
2k
1L o

™~ é 3
) Ultimate strength

500 800 900 1000 1100 1200 1300

Temperature (°C)

Fig. 2.2.4 Comparison of hoop stresses estimated from pressurized

fuel rod test data with ultimate strength data
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Cladding Surface Temperature (°C)

JABERI-M 7554

%)
T maximum cladding surface temperature

&

=

% 1000

e

L

fal

f=d

3

9 cladding surface temperature at fuel failure
B

H

=

5]

=]

5 initial internal pressure of fuel rod: 20 kg/cm?g
S

E .

© 500 L '

150 200 250

Energy Deposition (cal/g+U0;)

Fig. 2.2.6 (Cladding surface temperatures at maximum and fuel failure
as a function of energy deposition

maximum cladding surface temperature

T

1000 -

cladding surface temperature at fuel failure

initial internal pressure of fuel rod: 12 kg/cng.

500 !
150 200 250

Energy Deposition (cal/g+L0y)

Fig. 2.2.7 C(ladding surface temperatures at maximum and fuel failure
as a function of energy deposition
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Fig. 2.2.10

{msec
2000-
g
=B
!
%8
2o
T 2
ol
Q
7%
25 15004
g «
s W
[
o o
-
=]
[ s |
o ©
o
=TS
)
@
T
3
tu , .
~ 3 10004 Time of Fuel Failure
2 4
"0
a9
(HI \
o o Time at Max. Temp.
U g d/
0
2o
o o
° 3
w © °
5 E’ o]
H oo o
5004 0
o
o o
o
300 v !
150 200 250

Energy Deposition (cal/g-U0,)

Time elapsed from power burst to the time at
which the cladding surface temperature reached

to its maximum as a function of energy deposition
(initial internal pressure of fuel rod:12 kg/cm?g)
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50 kg/cm?g
30
20
.19
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100 +
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Maximum Hoop Strain (%)
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/ V50 30

o 1 i
150 200 250 300

Energy Deposition (cal/g*U0s)

Fig. 2.2,20 Maximum hoop strain as a function of energy deposition
with initial internal pressure of fuel rod as a parameter

1504 v; 50 kg/emg
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Cladding Surface Temperature at Fuel Failure (°C)

Fig. 2.2.2] Maximum hoop strain as a function of cladding surface
temperature with initial internal pressure of fuel
rod as a parameter :
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Fig.2.2.23 Transverse section of the fuel pellets located 7lmm from the
! bottom of the fuel stack in Test No. 231-22 (279 cal/g-U05),
! showing a) a macrophotograph of the fuel pellet, b), c), d),
| e) cross-sectional views of the pellet at various radial

‘ locations, and f) cross-sectional view of the unirradiated

} fuel pellet fabricated in the same conditions as the pellets
! used in Test No. 231-22 (279 cal/g-U05).
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Time after Power Burst
(sec)

1.00

Temperature (Arbitrary Unit)

*after N. Ohnishi...et

:g © | Calculation Result by
o 30¢ . .McDRAN Code,
N ‘unpublished.
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Fig. 2.2.24 Temperature history in a fuel pellet* and post-
irradiation grain size distribution in a fuel
pellet ' '
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Fig.2.2.25 Transverse section of the fuel cladding located at the center
of the burst sprit, 176mm from the bottom of the fuel stack,
in Test No. 231-1(240 cal/g-U0Q,) showing a) a macrophotograph
of the cladding b), ¢), d) cross-sectional views of cladding
recrystalized o-Zr microstructure near the burst sprit, e),
), g) cross-sectional views of the cladding prior g-Zr
microstructure around the opposite side of the sprit, and h)
! a cross-sectional view of the cladding fabricated in the same
condition as the cladding used in Test No. 231-1 (240 cal/g+U0,).
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MIDHRMET 2 [ OXER AT - 70 ( Test M 108=3, 50,

Test No 103 — 4 DERMBEFERIL, ﬁﬁ%ﬂ*¢f@ﬁﬁ$%%équ$12w#®%
hBARET RN THL~72bDTH B,

Wiz, 5uBREORBRBEHEZANT. BRANA (TR E2ERLTN -7/, £F
BEISREOBHEHC BT A NEEEORBMEOFER (Test m 103 —2 ) EHET ST
FIZED,UQ, <Ly PRORMEOHELRA S LEHME LTINS ( Test ¥ 103-14),

Test No 103—0, 10 OSBATH, WHKERES HERE 90 COPMTSHS 60CIKEELT
FEBRAFIIS -, CHODERTIR, EEFBIALEYIAHERLZVEBICERELZER
ERlENTELRBEE Ui,

Table 2.31 CEBREAMNBLUERZHATT .
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(3) ERMERBIUER

CRETETH - FRIC20T, BROBEES LUNRE L Table 232 8 LU Fig.
232179, F/-Fig. 233 KHHKEELEREB BT 2 B ORBRIOHE L R,
Ayl —XOEERE, TORNELUBRSSUTICGR~S IRBCAMLTEE LML
B

{a) BHEL:WE _ .

KEWCH -7 EBE, Test W 103=1, 3. 4, 5. 9 THB, ChSOERIE, VT
b 200cal /g-UQ; LLORBBLZHZEBTHY. EBBHEII~THEZELTY
5, SrEBEEAERE I Test 103 -9 OFEBREZE 2, BLALOBEESREICHF
TALURRES SR LT LT >t CAIES N TR, L LK 5, BRE O
B2 TOREEHLOFEAT, REREELT0C BLCELTWTEHES D LHE
£n 5, |

Fig 234 1tk v5 s — 4 ER L EEERON—RAR IC B 2 REE OR BB OAE
BEEZRT, BERHICRNZLHIE, BEHKOBBERERLTY 77— EBHNE L0
TR OB L& WMEREC 1 AEMKH 0, boR-RRECEBROEBETIREOR
BELBMLL-TWA bbb, K5 - 2ERICOVTHENLC LT, EEk
ME OB, FREBLUBLOEBENEEEEORS LLEBELTHEOELHNENSTET
Hb, COEMIBATARENGCRLD, RABSB U IBREFLRON TS, Test
Ho 103 —4 (33ical/ge UQ: ,» $0C ) DOKE T, RBRBHOEHRARIITE ICHN T
ILLTED, #EFLEOBE&LPEOEMN I TS, Test N 103—1( 267cal /g U, »
90T DEBRTH, HBRBRSEES TSR T L THEAELTLE - TED, 20
MDBSGTHRBICRIB I S I BRELTVE, COLINBEORED, HEERO
BAEEFEL TS, T Test N 103—5( 239 cal g-UG: ,» 9 C) OKBTIL. &
TR RE UTABRE SR O UEETIE, AEREEE  rIESRBABTIRT
SELTOEDHTH- ot £ OBMHBBREDCHRBHAsMLHNTLE 512
FHEOMDBAC M VBENHESR SN, COLIRBIKBRESEALYT 7 —n
BEHNE R - Ba, BRLSVEXMBTL. EF. BILOBEMEL KL ERA.
SHHAKEES FRT3CHBEROMBEEENEL L. HBRBNOBREIHEELEROGEE
HELTEDEL -T2 THBEELONS, Fig. 2351 Test % 103~ 1, 5 OBK
DM R DEABEAT T, BERROBE I, HFHHTL o + OBHS SR
Ly FEHBRBEOD—FKIEBRONBZDIH L, A7 A -2 DEBTERERTRLRZ2H
Bohakii. <Ly FOBRSEOR—EKLEBEFCRREbATOIIL, LHLExs,
SEEOSRL Y D BOMLHATED, TREREOHNBLEBNILLG, vy
PELUHEBEEORMEIAUIMLO DOLEZ LN D,

PlER~Nf DT, BHAKRER N CTBLU N CIEBH HERTIE, FEEBRDIES &
He LT, B8 L & OEs 2N Eh 40~60 cal /g « UQ: HL U 10~20cal /g« UO: ETFL
TG, B, AT A — 2 TFHROERBD, FEERICED 2R8ME ( 36calg-U0/
100 MW—S) 2R THELAETH S, FEICIT, HHKEEDN 0 C OBEHHERIE
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DR S T %RER OE (467 cal /g VO /100 MW-8) THEELRAENTL B,
NITBAKEES FRTAC LICRE - TRKOBERED L, PHETOREEENE (-
THEEERLHL LN TELIEELONTHE (REDEERZBTREBYE LK
%H%Hmmﬁﬁ%ﬁcfuaﬁotﬁb}cwﬁﬁi%%mﬁﬁbté®fmmwtw,
SREESHABECET IEBREORABBICOOLTIT, BHEERAFEICL - UE B ICHM
TEFECH B, |

(b) RHEET % A —

Table 2.3.3 CHEHERERKC :&:‘b‘6%%%%%%%%&%ﬁ#%fﬂ?ﬁfbﬁ%mﬁiﬁﬁ%%@tt
BART, BEEBROES. 400cl g-UC: #8E AL HILRBEBLE LI THABBRNHH
HELLEBATS, ARORULHEVEZAZRTR SALBEEECELATVLEY, £
@ﬂﬁ&bfu.%ﬁ%ﬁ@%ﬁmu%ﬂﬂﬁﬁﬁﬁwtbm,ﬁﬁ?ﬁbtU&ﬁ%mﬁ
OHICHHINA L EBLIPRECERABTELESICHY T 7 - VENKEOIZDHITER
WWEBLTLELD, KHOBBIKLEREEZTHCRE TSNP tbDEEI LGNS,

Bic A FB &R EBR OB BIE DT EA B, Pig. 23610 Test M 103—4 ( 331
cal/g-UDy ) OFEBL—BORBKEFLE ( Test No 402—4b, 160cal /g-UC: » 70 %

Bk OKBEROCREER LR T, RICAT L, BAKBEDOES, KEEBEL v R

HHE T4 BLBICE b b O REEEICEL TS, CAIKH LTARROBAICH,
B4 T o 15 B & ol 34 545, M L OE =132 OB 100 msec £ L7855 R
HhTnd, CREDEBREEL G, BKBEOBBIANE S —2 MiLLk560THD, B
BERBCHEBEAL RO LAEBRO L » bRk S Ef LTRTHRA L, kR

BEHLIETFHEENEOICH L, REROBEE, MM EFERICBREORE. B

HELED, FEEOBREROMERB OETICEL D, BHESEN 2K BKRE 1 L.
FOREDBRBEEMIBEBLTCSL y PHBRHL, TORRBERO<Ly b EKIER LT
ESHRE LARSBH L0 ThHELEL N5,
(c) WEERFREXHE _ :
REERRRICET 2MEORH LMK LTV L THREBSOREREEHLNEICT 2
CERBERIZBEEO -DTHA, Test a103—2, 10, 14 BEREBMICE - T - KB
ThHd, CHLOERFBEBBHES LV ELBENBRAE (180 al /g-UQ ) THL
v, BEEREEEEH L ANAKRE (Y7 /- VE DOV TOEREZE DTS B,
BAERE (10 %BFE ) £V ABA0ERAKRECHT I BREERE B £ LB LT
Fig. 2375k d, HEZRT £, SBERAEERARKEE O LRICHT > TE L
0. oM EEEE (7 - FHBETORM) R H-TVE, T/ BB
EROBEBTESL, ARCALLTVAC Lbhd, COCLRBHNKRELBREESR
FOREFCAS DBELEL TV EARLT S, Fig. 238 KRAKREE/ S #
CHELT, BESAEORBRESLU /Y v FHBEORES X UBMERT,
KT, BHKEESZEZ SR 0BBECEVCL 2 HBTRELEHIC OV THER
BRCOVWTHENL, I TEHE Ltk DT, SBBHOBREESb%. 102% XU 20%
CEALERTIE, BEERARESHCHONIAILELARSO, BEEORVICE S

- 173 -



JAERI-M 7554

Uyt y PHORBAHTOENHBREREDRE I CEELRIZTT I E4WEIC L, Fig.
2390 CORHKRECST S10% BEEFERN L 5 v RBEOCHRBERTEELE T
ARELTRT, MKREATVE L5, GEORE AR, RERE, 77 2 v 7Bk
S TORIER s bD THULAERLE -TWE, —F, Fig.2310 CEEERCST
PBREES% 0z0RBEEAORERELZAB LTRT, ZORL LSS BXDT, HE
EROHLICRVO, Ry PACRAECHENEEHRERNOBRE DB LU »THDb
nNTh3d, Fig. 239 L PFig.2310 @%K@é%é@ﬂiﬁw.ﬁﬁ-kﬁﬁ%#w
BOTRUO RV » FNORREHBREREOREES cBBES 2 50, HEKEES
FRL, 97 - VEBETT AL DEENDNEEECEER LT A,
4 #% # |
CNFTI, BAKBEL/ T4 —2 & LTH B EORBRETE > 72, FREKE LT
HERVAITVN, CNSOERICIOMHALAERELELHBELUTDLIIN S,
fa) BHEKBES AT ZZHN-T, BA—RBBICET 2B % ORBBE O ORI
LT3, K97 4 — 2 EBRIC BT AMBOL 0 ER, BEEROBALHELT,
90 COBHKEE T2 40~60cal /g +U0; . 60°C OHHARETII20cal /g - UCEE
BEFd 5,
{b) Test N 103—1, 5RKESNA LS, HF « WEFLOBEICIL, BEERILEL
THRENEBUMERICILXNEI 05, OB URATELST, BIESE LIS
o, BREECETOBOIERDN S, |
(c) BHKBENLERS S L, %Hhﬁﬁ?%%ﬁbr%n’%ﬂ@U&ﬁ¥¢%ﬁK&®
BB EOTEAHKSHRE LT LD, KRORU LD SEBNBRABICETHRS
haLHE5,
(d) BHKEEOCLRCEDVEREREEEEHCE LB bN., RELRRESIUVRSE
BEIIENE, £, 30 BEBRTERLNI( B b SRBRIARIEMN (772~
FBALE S T DR D 21 < 114,
{e) 1%@%%#%tuéémﬁﬁmﬁﬁmiﬁb.ﬁ?ﬁ—»&@ﬁ??é&Lmzﬁv
gy FRHORBEOHBCLIIBEELRTMBREOR VBRI EALERSNIICUE TS,

LIk, c TR -~ 8EDEBRERICONT R D, K7 A~ 2 FRISHELS
HAKBE, BEE. RMBL Y71 — 2L LTILRED T FTETH S,
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2 4 TRERREPAHEER (EmAeX NHKER, HEHE. HHEE )

(1) % % _
SHOERICENTIR, PWRER LHEAM - BEHERL L SAREE S L CHAREE
BEROWEER T, MEERGBBEHICSZ 5 BEB N,

ARFEONMHE BE#T 1dmm, —HFHEREOARIL 16mmTHO, HERT LI =7 A
X225 v ZMTH 5,

SIERE U EROEBR R, REFERERS JUHERMAFEEZZN TN Table 24.1,

Fig.24.1 WRd,

(2) EEHEFE
EBRHELOBEL Table 24.2 ITRT.
(@) 14mm AR i EEE KRR _

R 237 cal g+ UO, 25278 ( Test M 233—14) T2, WHEECEFHADY
7wy (Bl )BRBEL, RALOLEICHE - TBILEOHEISE & T,

28 266 cal /g« UO, 5% -8k ( Test N 233—12) T2, BBEBEBRETHICHL
T2l RAZEEICHIID 277 FILE - TPPUARRIKER LTV, ¥
7o, BRREFHERAMAICENT, BEESEE L > MRETHT T,

HEE 360cal /g UQ: 252 7 EE ( Test M 233—13) Tid, MBI LB CDHEGE
Bil, v2a77 FREBKES LT, £, Y237 FRITHEBL PTRETE X 10~
Iomm BEER LT, '

BEREEBICOOTHETRERICENTHIOT ~ITQ Wb -7, Fig. 242010 R

CHEORBBREAEERATT,

(b) 16 mm P8 4R B |
ZEE 185cal /g2 UO, #52 1-EB ( Test M 233—15)7Ti3, BHEEEROHBHLLE

iChtc > TRILL T, 20BIRAELOERRRONLIL -1,

HEE M cal /g U 252 72 E8 ( Test M 233—16 ) Ti2, BEHINHWT LEE L7,
N7 VREROBRETE, SHUBERASZTRER,S 1cm BEETH 185, 20
BOMHBBBRERKIZIE, HFABLSECIom BELONMETH 2>— 7ol LT,
rHosMNBEOMEOHBEEIL, Fig. 24220 RT LW 25cm RITHY, <
v PSR LT, BE LRV y FOAXRMIZBERMLUIKRTFTH -, £, ZOHAF
DYRECRZHDMARTE 7 7 v 7 534 - T, : _

%%EZM&L@-WL%ﬁik%ﬁ(T%tm%&ﬂ7YﬂL BEHT I L D BE
Lt #1935 LT O BEE I X 510 5 DIsr 8 Lic, fEEFICHE LAl
BRMHBAAFNOI 79 7 8RELTVIRNBTH 2, 3T TRry MERTE-TL
B

Fig. 2 7.2 QW% O EE BHERT,

3) & %&
a) BELEVE



JAERI-M 7554

W BB ERIC BT ERBOAREH M,/ BENERILICH LTEEHTHE L Fig.
243 CRT LSS, ldmmg, 4 mmll, 16mmd¢BLY 20 mme O 4 BEORKE %
BNTERAET - 768, MEHROMBICEBEEBLE EOEMIEBRASNBL, $7, B
EETOEBOBE, 237 cal /g + UO, Bl L CRUSBHR bk 1 211 cal /g » UO, T I MEIR
Bk LTV Ebs, BRLEVWERZ OB S 3,

HEEHE LD BA TR, MBI ORE L= UMER 260 cal /g - UQ, THHH 5. HEBARY 2
CEE-THREBLSVMER 0 cal g+ U0 BEET T 2 E05FRB XN 5,

(b) BEETLE

MEE AR BEOBNHEOHEDL HEBEDI5 v+ 7iCht -~ T, RBEHEL
BT Lot CHHT, B, SL o MRE S, FESE LOBA & RRICELLTL S,
ULis LIS, SRBTMER, BEARTACLCIVEBRELOBACERTENREE
TEbLNZ, UmmIRBERI-EBRERCHO>OTRAE, 2371~251cal g+ UQ, TH#H
BE/ 7 v+, 266cal /g UQ: THMWr, 360cal /g~UQ, THBMLTWE, THICH

LTHBELDBATI, 260cal /g UQ, THEEZ 5 v+ 7, 280cal g+ UO: TH

¥, 380cal, geUQ: TL v b8 FALAHRE TU B,
(c) BRERTMEERE _ \
Fig. 24 4ERBEROBEERERREECRITEEL R nic, BRERESRHY
BIZHLTTay P LcbDTHS, C0ids, MBEROERICL 5EBRIURETIIAL
B35, 14 mme HEOBAI Mmmll, 16 mmé RBICERTEBEERI OO L MERICS
ZELA B,

d) 7xvTHEREY

Iy FRBRATOWRERERE L X OKORIKBEE L OEGET oy P 5L
Fig. 245Dk 2t 3, 22T, F— 44, BHEDL BB 2BBFELTRELS L
URNE, RRBEICE 2HEASTKEETH S, 5L, ARV TIEERT LB X
D 20mm FREGIUREERFEBELLURAKBEERLTVS, Chiy, BHKER
BHECREEs Ty FHRBBENELEC 08585,

(e) BHKR <7 # -2 EBREREDHEK

PEDXScHER UL WESICHBEROREESE - S H/KERE & OMci3FE LB
iHY, FRERERICASOERTEBRTES, —F, ChCOBBEEE~LZ AR
& LIeERICHAKB 7 A -2 EBNH L, Licdi~ T, HBEEEREBHKR 7
P EBRHRICBAL»OBURHRVHENELELONE, TITUTK, WEDH
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Water/Pellet : 1.63
Area Ratio

Pellet D Cladding 0.D I Cladding 0.D
9.29 mm 10.72mm 1 4mm 10.72mm
] i l
poee— | ity ———m| 3 4mm
Cross ‘Section of Flow Shroud
233-12 233-13 233-14
#5 —xr[]- _ #3 X-[L . #5 K-[l
: e :Cladd. Temp. ‘ -
" LX i T/C Shroud Fuel Rod
10 s :Water Temp. | ;|
. T/C . 10
? e ¥ T #3
#3
33 :
#1-£ 5 2 #1 % #1 #2
33
#1
#2 X 3 #1
{ : ] '10
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#2 X #2 X )
fﬁaIx_'_ L #3 Iyl
233-15 233-16 233-17
#5 )(I]- _ #3 X-[]- #4 Iy ,-[Ll
T 15
# I T2§;3 #2 |x 2 4y 13 x| |
#3 #3
33 33
#1 —p— #2 #1—x #2 {1 —% #2
' ' 33 ‘ . 33
#1 #1
#1
#2 X ;10
T 1
#3 kL #a e L #2 L
Instrumentation

Fig. 2.4.1 Cross Section of Flow Shroud and Instrumentation
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Test Ko. 233-13 (Energy Deposition: 360 cal/g-U03)

F

ig.

2.4.2(1)

Fuel rods after irradiation

The fuel rod was
melted and most
part of it was
sticking to the
flpw shroud.




JAERI-M 7554

e s

x

Test No. 233-16 (Energy Deposition: 243 cal/g-U05)

Fig. 2.4.2(2}) Fuel rods after irradiation
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Test No. 233-17 (Energy Deposition: 254 cal/g-U05)

Fig. 2.4,2(3) TFuel rod after irradiation

— 95 -



JAERI-M 75514

( Qwo/|D2) @904ins y3jj@d 40 uonjisodep Abisau3

0

—

35971 PNOays MoTJ Jo s3ynsay £°4°¢ "8Td

jo)led jen} O} JeyDM JO DBID |DUO}OBSSOID JO O}4DY

N_ {5 v m : oot
o
o wwoe ww Wlp| : 821s pnal
@ 14] Pl . 8zis pnoysS
0002t o | . | 0
8 RS o
/ Hooz
nEEo./ o
000g ° % ®
) o¥ °
H °
® -100¢
Q00
ﬂ PNOJYS JNOYjIm
84y} aJnjio
onoiLs o plOYSIY} 8JNji04 i, .
0008 (Pe|D}) proiys eionbs ° {oov
(8J4n|I0} OU) pnoays auonbg [
(PeliD}) pnoys [OOLPUIAD @
0009t (84niD} OU) pnoJYs |DOUPUNAD O

00¢

(20n-6/ 109) uoiisodap ABisus sbnuany



Max. Cladding Surface Temperature (°C)

JAERI-M 7554

Not -Fail
2500 Failed
l4émm¢ cylindrical shroud
& M limm square shroud
2000 | O W 16mm¢ cylindrical shroud
‘0
o
1500 | O 8,
o A
A
O
1000 |
500 |-
0 | L ]
100 200 300 400

Energy Deposition (cal/g-U0;)

Fig. 2.4.4 Comparison between maximum cladding surface remperature
W/T and W/O flow shroud vs. energy deposition
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Water Temperature at Quench (°C)

Fig. 2.4.5 Cladding Surface Temperature vs. Water
Temperature at Quench
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Cladding Surface Temperature (°C)

Cladding Surface Temperature (°C)
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Measured Position (Test No. 312-4}

ingle rod test No.221-6 (:::) (:::).-’#
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Fig. 2,5,2 Cladding sqrface temperature histories at active fuel length center
during bundle rod test No. 312-4 (214 cal/g+UO;) and a single rod
test with 20%Z enriched fuel, test No. 221-6 (232 cal/g-U03)
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Fig. 2.5.3 (ladding surface temperature history at active fuel length center

during bundled rod test No. 312-3
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Fig. 2.5.6 Relative energy distribution in the five rod clusters

o
. § |4OO - ‘-“"‘-\\ I Measured V0|Ll8
g / S - ====- Calcuiated Vaiue
a 1200 ~ .
E . ~~. hgap = 1.77 Kcol /mE -sec-°C
: 1000 F e "-\__H hgim @ 0.222 Keal/mP-sac-°C
.§ 8OO | ) -::T‘
5 ,’ -~ '-u-._.:._’-
v 800 ¥ 11"-'-"-‘..-.;
o ! .
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S 400
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Fig. 2.5.7 Comparison of measured and calculated cladding surface

temperatures of a outer rod for the 188 cal/g-U0, test
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JAERI-M 7554
2.6 MK (KBEK, HABE, FHRAE)

(1) EBEM
CHETORKMEER Y Y — X2, FELT, RKBERRBRELLEBR/ 74 —4 L
TRY, TNDHBMREEH RN CRZTEBEL BT D
AW, HEOERBEHELIRL CHRRBRE 29 cal /22 UO; &, LDENRBBTER A
Tote, 8510, ME~L ., F OBEBE, T 777 08% BIUOHREONE, #L
BRMEET A — 5 & Lle—BOEBREF ~7co N, D -BOTBRILCN T TOENE
BEARA N ERERLMBRT 20D, BKETN% (TRSAVvFadd, EES+00
TEAME T TRA ), ©LRHE 160 cal /g UO, DEMFTHT -1,
(2) HERUEER '
(a) BRBE
CHETOT0 %BRKBEZAOIERIZ, BRKE 118cal g+ U0 ~242 cal /g U0,
OBATT >, CHOOERBELS, BRME 118 cal g+ U0: UT OBE IZMEHIR
Bed, RAERE 131 @l g U0 HEOB SR BEESHE L TRRBBAEC T C &
%ém&ﬂctgééws&K%ﬁ@&ﬁ$ﬁ%&&?%%ﬂ§@%§&bf.uT®$%
TR | |
() BEITORABBICELTIE, RRBBHSAS CHECHE-T, XDAZVREE
THIBIZH 5,

(i) BB 27w EHICE LT, SIS AR ICRET B ENES 1 msec

LIFTogugisEA (FIHER) &, TO# 20msec BEEN T 15~30 msec DB HITH
BLuos, BEMICRET BHBEMENBOARE (2~3msec ) HEA# (BRYESD )
LoEBEN B,

(il #IWFEAHCEAL T, BRBENAEI(HNIEH - THHEEHOE - 7{ENEC LS,

(V) #BFEARCELTE, RREMRE 160cal g-UC UTOEBRTHEZCBAIN S
25, 230 cal /g U Bl FOERTIIEH TN B E KD, BRATEH LB,

V) BAKROERCELTR, BRREBERE LB >TEZ DO EREFIHL LD,

7o, BEIHENE LE <125, -
A@u.Chif@%ﬁ%%kmmtibé%ﬁﬂé%1%U@¢Dp®%ﬁ%ﬁﬂu
BB OMAICHT D FBER~<7 (Test W0l =7 ),

FERBRERL, ChITOEBRER - L TTable 26,1 iFRT, FAERPSHoLLLD

W, B7evREDCYHIES VR, KBOFFEE, ZSEHEVESICHEYT LEZRERR,

CHITOVTHOEBRERL S LI b0, HRENIC, BEAS UV - KT 72 V¥ B
RELLFELPRLTOL S, 48, 27 NEORBMEABIANINT, ChETOM
e —# L,

BEBICLBAINLARE, CHETOERBREOEME IRE - TRERBIHEA

L, RN, MBEESETE( - bbb osThIhiKEALR, LHLENS,

ZDEI#K 10cal /g-UO: &, NSRR ERORBRBOAEMICESEINSERAE LAEE
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THY, CORRHSIEORVEFRLTEERTEIUL, CORCIOTRERIDA 2
URBBOERETIL, =5 KEMIRHEERTS,

AEOERICEODNBEECREE, HREOHMKOORIRTH B, $bb, Fig. 261
DEAEBEOBERCTT Lo, HEER3IYFHLASI(EE, Lrd, 4 OBOB
AREMesFn T s, 2O s, 3ymOMOTnen TR BB LILEEZ SN,
A&ﬁﬁ%ﬂ®@ﬁﬁﬁ%ﬁﬁ?é@ﬂ%@?«%$%T&é90
i{b) ﬁ*‘-{"\l/ v b

BB ORE T, %ﬂ«vjrm&bfwémwéﬁaﬁﬁtﬁwﬁﬂié ft-7,
SRy P RKEOZHBESHBCEECRZTCENEZ N, K~DEMRIIFET S
WFTFA=BE DI DTHLEBEAL » FPOREEPL » FADERS B ORMSSHOMERIC
FAWEEBHIIRIITHELANTE(ENEETH 3, '

g F v PHEACEABERTNE, TOROKIZFLFABICH - THN. v
f¢®EﬂLﬁ%mﬁién¥+wfﬁﬁ&6nd{%ﬁ*@ﬁﬁﬁm&??é®ﬁ.#+
y7EbE BKBEEEBHCEELE15/57 4 -4 Th 5,

Test Mo 462—1 13, F+ o 4E (0.050 mm > %< LcER, 34bt, EERECES
(0.092mm) Q¥ L 2L LIcKBS Ly MUK ZE - EBTH 5,

fRIZIT - 7 Test Mo 465—-3—2 OFERZ, BE <L FOEFEBEZEZ A LALER, 414
b, FHRBEICL T, BE<L o b IC2 55 B LD, <Ly P OREEEA S
THEEBIT, BERL y PREKNBRAALELN.EEBRTH B,
ke, Test No 472 — 1 DERBIERSHAHLFHLI Y, <Ly MARKORKBLNE

CBBCRITHEERLAEBTHL, COERTRI I BEANZRAVT, <Ly MH
MoE—F 2 7FEE 116 &, BEREOBED 123 LD HEL L,

PEDIBHEOEREES, EEBE LA ER (Test M 402—4, 402—4db Y DR
E B LT Table . 26.2 LR Y, '
-Table 262 56532 L£ D, WHEITICHRAINLRAERT, VTHoOBEIEBET
B5H, LOBMICHETEE, KBSV FEBESRA - EB (Test N 465—3-2) T

JIREANIVRABTHEL, —H, 5% BBSE LB - ER (Test N 472—1) T,

MEZ TICHBHALBRRBABE L EEAL ), LOLESS, TFROBA&EER

HOBE (Test M 402—4, 402—4b ) EH~T+ 10cal g+ U0, DHHEICHD, REHE

DEBEZOBET—RLTWVS, £ LTFHOZERIZBVWTHH T ELOEETHEL .
ToHIREE A B — 7B 70~82 kgsem® &I —SEME AT L1, 9IBEDH 5 20~30 msec
Enr%é?%&%Eﬂma—ym,m~%kg@m2&%ﬁ%ﬂ%@ﬁmt4ﬁﬁ®iﬁ

. DTEELELL D -1,

EK%H#ME?%& BEOBRIF T IREILET T 2 ¥ CEH N, BPKkOoR
D& FHICRERIZT, COBBNT A0 F— 2BENBOKOEE, BLUAHKDICR
BLULBEBRICL - THLS XN FAMOBHKDTIC LEETRECLEZEDEEL

*1 "FHRS (Test No 465- 83— 1) %, MEONRG (Neutron Radiv Graphy ) ¥+ 2C

LI LT, MBSty PP Sy MRELAEEREEL .
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S 3, SO0EZBRTEON IR AKRORSHEVECES L REE O ERER%L Table
2621HT, 2055, BEHNFECBICELTHE, OFAOERTHH 150 mm THD,
CHEEFHORMENA 7L DAt KEELEBAGKLTED, 05 OKREED
5, BT 2EEITELL,

Ric, BEEHEER, FNOBA SBHBEIED S 1~2msec RICALN, A7+
VAFOUREHORERICIZZFBLTVSE, 2OT &id. BEKEOHEESFIIBEH
ELTBRANLEEOEISASEERL, HEMEMLO LTI 2RHKELENET S
bOLERTE S, CORRIHEZE, BEalLREEL, 9IRS & OFICmOHE,RS
BHABETH 0, BMENL 80 bar LLEEB 5 5 7 A DK ( Test Na 465—3—2)
BLU, RE~SV o PEEHK (Test o 462 1 YDIBETIE, 6~Tm sec DB G LEF&E
BETHY, PIMENDENS BHRE ( Test N 472—1 )DHBAEOFEE 11 m sec D¥IL2
T &, EROREESTLE—KLEY, 4B, L2 5— 2Tk, BEHE FTHEL
WL L Fig. 26288 ), BEHED ¥ 4 VRICHKT Fhi- 1 fopic, EBXHIR
BHHAM LI (Fig. 2638 ), ¢ DT &5, ERINTEBENT AL ¥ - OBABKREH
F210i, BEAROERT AL F — MR T, BEROEDT 2 L ¥ — OEHROE L 4
NFEF-—FHERTI2LENDHECEETRLTVS,

7. Fig 262lCRT LT, T DIBE BT RN Tl & RMMh s iz mord
TASCHELTVZ, 2NoOBME . THBERSOFLAZLDE, I LU -bD
Kkﬂféé ZhakL, T%%%mmﬁbt2$@@%D@Eéﬂ@ﬁk«f$éw B
W OsE <, HOTHRHEBRSUN L 2 X0B40, 2O EHBEAROKOWHE#H OE

KBV .y MK ( Test No 462—1)0%, 77 v ZADBRE ( Test No 4656—-3—-2) % H

WEBATHD. h2. ED2AOBANKEL CURAINLRBEL/NEL, #7 e
EhHKE N EIBEE N LTH B,
(d) BEBERERETOLE

BKIRE OB, BERESTORKNEETHY. WEEOBRRMIEE L BELEFN
55, BABHOBERRAENT 210, RESTOHE RLARE, THSOME
20T, RELTH SENSE, SBRCOIE, BEMEE, BCRBEADAEL
HRNWETME ( Test M 482—-2)&, MADOK & OGN IEAE ( Test N 482— 3)
&éﬁmt,%%&ﬁﬁxw.mﬁ@mém%ﬂWEﬁﬁwﬁgﬁﬁﬁéﬁﬁ5%§éﬁo
72,

Test N 4822 OEBIL, BREHNE/NS LAER, THuDE, ASE040mm & i
K (062mm)EE~NBE, H23 KE LEBEEEAOABARESRMEIC LS
HBRTH 5, | |

Test N 482 — 3 DEBIMAEAE LEER, $1ibs, BHAEELALTIO VS
ud — 4EEAVEANNTHRERMEICL 3 ERTH 5, _

FEALBEBEEOTE, L0, BREUKBOKES Table 263 KRY, AEHS
Bohink5ic, BRMIREEESE, SREEEEL LTI 0% BRI Lo
HTHD, HEH B, BEEASCOVTHEARETH S, WAL, Vbid. kALK
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EHBT AHATHE0S, AHENTEESOBAREEMLOBE LEL-T, HEED
BORIC & 5 FE A MBS MM BN THB SN, BBIET 2RRBZICHHTE L &b
Ezonsd, —F, BHEEEBIE, ALK, BREEAMGIZAERSS/ZGETL, £
BEHEREOHWLB3EN -Taipit, BRRBBTHET AL LEBEILNS,

EROKREZEMRE ( Test N 4024, 402—4-b) ODBE LB L TTable 26,4 i
Td. $h, BB OEESFig. 264KFT, COEBLIUBEETREMNLT L 4BREE
ROBEDCH B, '

FThbt, HARREERHOBS, BENICCRAINARRRL. BERHOBS
D¥ 23 D647cal g U ThH-tz b, BHSREOCHBEFHHOEROES LR
S TRABOLERTH -1 CEDBOREUBRUTHE, uE, BIARO LAZE. 4
BEHOBEESIE, EERNOBA LRABETH -7, RIC, HENTHESTEMRE O
&, BN OIERICED ~ 720 LA, BERNOEAE LA TEBREOIED -1,

PLOERBELENT B ELUFOL DS, ' :
(a) BEEHOK B LN OENEEEHME I, BERBLENE L, 230

64.7 cal /g+UQO, ODRHBBTHEL -, : :

(0) W7, $ubb, EHEBENHSECRENT HEERRNL, SERN 0B &2

EREEORME TREIE -1, o

CNODERBEREDLC, BBCET ARRARBICHT IMADBNCLEERIFEETIIN

K, —F REEORARECRVK IARENEECHIENREAL,
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1 : Fig. 2.6.1 A waterlogged fuel rod after irradiation
‘ with high energy deposition

(Test No. 401-7,

Energy Deposition: 291 cal/g-UQ»)

Fig. 2.6.3 ‘Support plate bended by a ejected fuel rod
(Test No. 462-1)
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1) #& #

(2). B &
{a) REBRMBEE

JAERI-M 7554

27 ZFULAREERERE (XRME=, FRAN GRHR)

A7V A ILUTOSUS BT I, BRFFAANEEME L TUE{ERIATHSiIEH
DT, ARHEFFREEME LTo—REBOTHERSN TG, Lol cOgT
NSRRiCHT 2 KBI vl o f BRMHIKRONT I, £2T, SUSHASMNEZRLT
DRIAZBRIL, SUSHEBRNORBL S VE RERELMELTEETHS, 31 &
| EREUBH 7 A — 2 BEERODD—2L LTEITHLEERTH S, THHL, HEE
o MBS BE BRI RIITEELNAC LICL-T, L0 EBHLBHEBEESORANT

LD ETH B, _ ,
ABIC, SYSEEBLASUSHBRBHABERAZTRT 5, FELRER, SUSHR
SR OB OME L X0 E. BEEESHO ORI ETH 5,

CAERICER LEBRRHEO T ERR L LITICRT,

Physical Characterization Data of Stainless Steel Sheathed Fuel Rod

U0, Pellet
Diameter

Length

‘Shape

Cladding
Material

Fuel Rod

Diameter

Immersion Density

-Enrichment

Wall thickness

-, 40,01
9.54_0.00 mm

4+0.1
-g,2 ™

94 ,4%T.D.
107%*
Chamfered

10,0

Stainless Steel (SUS 304)

+0.01

0.40_g go ™

+0.00

10.53m0.01 mm

Pellet-Cladding Gap Width

.Fuel Length
. Number of Pellets
Weight of Fuel Pellets

" Plenum Gas

QOverall Length

* nominal design data

0.095 mm*
135.1 mm
14

99'4+0.2

-0.1 8
He latm.*

278,7+0.1 mm
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HE, ABRRCETAREFEE L Ly MEOF, v TEIBEBRHOEFNELE—KIL 2
ESBEEN T B, | |
(b) R#E “

BEORA, RREIEFFMNCREREERELDC LK L-TRBT B2 KER
R LU 22SUSHEBBA S RERE LTI, ME - JTEOHEBRRL D OBBERKIIZL
THHBME ~T L, HEAEMTEESL L FPONKIZBHAEEZERLTELT
ATHLL, REZZRLABTVRVOTERETRRARABLE TR A LOMOBEEEIZE
MBI DA EE—& LTHE LA, 25 LBATHEERI%LUATHEERENS,
¢) & oft

N7, FHELLOZTOMORRFEARERDOEEEL(HA—TH 3,

(3] ER#EL LU ER |

SEER LSRR RABRORE, BN, EUBELRECRY,

F/, AHEBBONABIIFig. 271 0RTEBOTHE, U, KEHTIEEDDIZ
I2E L RRBCH D EERE (UL h o BB ) OBEAKICRT, |

ERICLVDESHIZN - BETEHE L,

() #ARHIM 220 cal /g+UQ: OREHME TIIWBE L5 - 7008, #7260 cal /g-U0: TIIH

B U7, PHEORBIGEE OBMTH 5,

(b BRABFHATOFEHRELIBERNOLNLIERTD, REBHWE L - EEOR

BIEELATOEL, -

(c) ﬁﬁ%ﬁ%%&%ﬁ&miﬂ@.—MK@~%ﬁ§@%é.SUSwﬁﬁmﬁﬁﬁwﬁ
ERRT, | |
LB,

9, VBHEEBOLE WMERZ YW TEATH D, RERBOREFMEAZT » TORBOLOTHRE
B Eidnzisngs, BERNLS USHEBN L TRABESFEL ETHEIEBRER IO A
T, L& Uf#I2 225~260 cal /g* UO, DWBEIC 5 2, © DIEIL, EEBRE ( A h o HE)
DENERFEAEE T, SUSHERHOBBFELA 2 LEEBMOBMAEE - T
5L ChH0, VIHMBEBIBEMOBRMIFENEA L LHEETE S, FERHABICE
WT, BENZT 5 oL, BIET AEAICR, BHEONEGBEI L2 LERMILTE
MLTHD, BREBLTVEACHBEMLTOEOEITH S, Lidi-T, EEREOR
BLAVBELEBHEMO L2 WMELR LI ->TWWS, 22T, SUS(18%Cr, 8% Ni
B) ORLIE 1400~ 1420C THEDIH L, UAHOA DEAIRM 180T THY, WHIE
YR -TaE, Ll MHERHOBEL 2 VVENEABRDINED ST LIIESEOR
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Hic, BERBEOABICOWTHERT 5 L4010, BMEEESIURESBICONVTERT
A5, Fig. 2711 KR onb L5, SUSHOYMBHMBIIBEEM D7 7 v 7 CEBFT S0
BHOTHL. URHOEBICBEMISNE LOTH S, KM LLEHL. Fig. 27.2 O
RERRRLA L ICESNCERM OBRMOSARTICEITELT IS, TOMOBHIEI, X
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BEICRAELTED, COR{EEOHM ( break—away JHHECERD o B, FREMRE (o
e ARED THMENRET 5 BA I, BEHOBREHESICLMS T, SUSHER
MICREDN & 5 NHERES &S00 OR, BRSO Zr O, OBRLBHE ¢ @ SH 2700
THHTE, ¢ OMIBESEREBORBLGH T OB 5THE—F, SUS BEHRE
Tit, BOMUREILT 260D, 2O Fe—OFTH AR DA AIZ 1400~1600 °C O
BECHD, SUSOBALRTAREREY, Thoi, SUSHERNOBACHE #
B OBROSBERIRICEE SN2, RICRANLLS BHBREE L2 6DERbNE, 2
o, BEEBEOBEIC LT LEBEINE S5 v 20, SUSEBBETED SALL O,

MR OHEOBBC LS, THbE, EEREOBE, RILEES 2 IIBRELTITL -
INh o OEEBEEEDY 7 7BECKE(EETA2DIEH LT, SUSHEHORBRA,
HENTEUEEE L, 2RBORER - MEHNURABIHS THLLBRTX B,

T, HBMBHK 290 cal g UQ: BT ZHIBHEE S Uov H 0 1 BB OEHERE OF &
RBRELIRGD, EMO—F5EE, HHIH000GE LTHNITBRBELRSEHN T
BY, RECBEHDNNT 2LV REORHNBRIELA T, Z0b, SHss 7
Y IDER FICHB NS EEH e MAFIIL, SUS HERETHMBIZE Cird < 15,
#1290 cal /g UQ, ORMAEEZ 12 EBRTI2Fig. 27.2 DI ABEEICEH B L 5 ICHEM OB
B2 ICERL, Uy b EICEE LT A RSB LT 20 TR
BREHEZ L EHTINE, 23, REEXTCTLUAZRABRAZOREDGS &b s L iz, #E
RAAEGECRGREOSKA S BoTEC EAEK LTS, RIGR LA ETHE—% 51550
CILETHL, +HSUSOMESRZZ DI L, 180°KBRITIZ, BALIFD 1250 C i€
Lo, g REZFEALEEDTOIHOEBEMAIL, BE <L FhE XL T
6m.cm@$m5mtm;<bmﬁfwmwoaﬁ.ﬁﬁﬁﬁcwximﬁﬁwac164
Lo s 1B I 797 B HNDIR, COBEORBBIRLL L Ly b O—HIiTEM
TEDTERL .y VEALOEEMRC 20 E:, —EBEMLUI-BBHNNL y PEBEELTL
BflthEELIONS,

i 420 cal /g ~UO: ik ABBRIARI <Ly P OWMRFICKHBEF T Sh 508, BEHO
R LIRRCDBATHE > T, vy O FLIZEHEAES S, BEMO—E
(FRO)BERML. HOBMNL y MC 20 S UAREERRT & 5, C ORIEEEE
BEBRHOENLFA—TH 5, Lrl, BEHOREFENSUSEHERHOEAKL S EN
S &k, IR EHSERE LTS &EE b B,

EWICHBEEBIC OV Ti~5, F—RBEBIEE0 2EERME L SU SHRE OAESER
EEBFig. 273, 2THORT 5, S USHBRIOH 55 5 IC B O L 75 T B,
COBBEO—DHERBH OHECEROHNENEZ SN S, TRIELRF VY LAREBELT LD
=Y A (A—FEREIAMADADF - 4 HERINTEL, X, yra=vrdbonrhold
BHEBINIZE A EES IV, ) DN TICEY AXEMMELRT, |
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Physical Properties of SUS(18Cr-8Ni) and Zirconium

Thermal Specific Density|Thermal Linear expan-—
Material |conductivity|heat diffusivity|sion coefficient
(kcal/mh<C)| (kcal/kg+°C)| (kg/m3)}| (m?/h) (107%/°C)
sus 14 0.118 7820 0,016 16.7
Zr 12.4 0.072 1 6500 0.0264 5.94

CORLVSUSORBEERIZr O6HEETHY, cO7F - 2L oY 5 LR
MEEBRICHL TS USHBE DS 4T LRBINECBEEELENE, LivL, HElE
AEESUSBBOBA. vahul WEOK LS THD. —F%, NSRREBIKDAE AN
FEBEEEREERECHA0T, CORMOREER S L LRORREEEORIERS
ATLE, BERBEOMELI LS ELAT L SRMAsdRETV, —F, BB<ry FEH
WEDX 4y » TBEEZSE, OBCELTHSUSHE, vrho A HELH0095mm T
F—T% 55, BRI EZORICRE LEL S CABERROBEC L DOLORES 4O
LEphE, THbE, SUSOREERKIIL = L0BIETHD, —F UODH
BEGEEEL 0°CT0X107° AL/2/C TSUS Evna =y noPRIOME L 5,
UG <y b & BHEDRE L 0HET 585 WHEEOBIELT %% A 7 EXCURS
CFLUX2 038 "cit, sahnf BEOBATHRL o b EREEHERL TS DR H
AArs—2 FEROE EMET, ORI F FHRESETT 20 bk D XLy
P WEE O, v TEEIA S, ¢ OBRICEVTRENEICE 5 LROBBERROME
AEZDEHOHICSUSHROLHF + v TBIEO R0, Lk~ THEEEREE
ELRLWLOPICH S, X, BEEREABRRKNZOLC OBRT v IHAREHR0S
~1ﬂf$5®?,ﬁ%%%%ﬁwﬁbfsUS&E@%ﬁ%%%@%ﬁﬁuﬁ<ﬁ%%@&.
£7 505, | |
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~ 400 cal/g-UCs

Molten cladding (A)
Region of original failure (B)

mET BT R

~ 300 cal/g-UO,

Molten cladding {A)
¥ 1is deposit (B} on the fuel pellets (C)

~ 250 cai/g-UC,

Locaily moiten cladding (A)
‘Oxidation

~ 200 cal/g- U0,

Oxidation

Fig. 2.7.2 Magnified pictures of the fuel rods in stainless steel
shegthed fuel rod tests
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Comparison of the cladding surface temperature histories
in Zircaloy cladding fuel test and in stainless steel
cladding fuel test irradiated at an energy deposition

of approximately 225 cal/g+UO,

Zircaloy

{ - —— -
p—_—
-

I 1 ] L

el
el
=
o]

0 1 2 3 4 5 6 7
Time after Power Burst (sec)

Fig. 2.7.4 Comparison of the cladding surface temperature

histeories in Zircaloy cladding fuel test and in
stainless cladding fuel test irradiated at an
energy deposition of approximately 260 cal/g-U0,
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28 WEARAMHER (SHEE BARE BREX Al

(1) =EBRH®

HHFPREIESE - BELCERERORETCERM BN /00, HLORHICLOZ
CEShIERIGAE T A L NB D, EFFOoReM BIVUEHEECMELARSETR, Th
SREEHEHC DV THEREGERZ &L 0 BERERE LOEHHICET 2RBL A5
BRLTB{(LEHNBETH S,

BEEIBHKORNICE ~THEST, NEREHELEEL TS, TOMNEEHIZAN
—H— L OEATHEBIC7 Ly 7 VIBAREZECAEIRR LT L, BHEERETI—RNIC
RREH BN HETESNTED, BARBURIBCERI AT A0, HobDH
BT, BHAKORICERME LD, A= —DEMED/ 7 v AN 20T 5 & HEH
DECTEY, BMNBARESLTRAKBELNL S,

i%ﬁvﬂ—ffu.WE§K7vw%yfﬁﬁKiéﬁﬁﬁéﬁﬂﬁﬁﬂ%H%#ﬁm&L

LT&ﬁ%ﬁ%ﬁw.m@Léwﬁéﬁﬁmmﬁ;U&ﬁ&®1$w¥~$ﬁ%%@éMﬂ®

BEIEBERALT, #BREHASOREEEFHHRBECRIITERLASHICT 5,
N, AMEIR, MAARECEVCLREHOMESEETHSLC 505, KHKKFR

FrEDHERARICLDERELTE2EDTHS,

2) HEKBLUERRH

*%ﬁ/u—zrmAﬁm@®k%Eﬂ7t»%ﬁ%?ﬁbtoC@W®m@mﬁﬁ%ﬁ
CEOBEMECT Ly 7 YO BASECERBBEIC LT, BOO2EIHRECT L
v F BB LRAEEDATRMEEIE > THEAKET5,

{a) RENER

FEHERT, BREEIISOEENBEES ~4 K ETFXBERE A -2 HEETE

BH®AEY, ZNARGERFEEASETICLy P LT, RBECIDBERCLRHY2ELT

Tt
REFHIIROEOITHD !

REI# 600 | 5>

e h 4 1 mm

MR +04G

&8 FTHE 2KE
BE-EH 250 °C, SRRIE (#ikh )

AR RS R EE OEES 107 [, RHFAKEOCHEA 107 HES X 10° B
3 —2 &Lt '
*$ﬁﬁ£ﬁwﬁwéﬁ%ﬁ(ﬁﬁﬁﬁmﬁﬁéﬂfwé%ﬁ)&mﬁﬁf¢%ib%m
L%)HJUZ&H#—%®mﬁEﬁ%%HgJﬁlK%?Dﬁﬁﬁuw#4yw®§nw
BEREEHOTL0, BEEBLIUR -4 —H T2 KL DR G IC LS EF BN
Db TELBALER N -TWV 3, 2 LTRBAEEBEEL THEMHICET DR LA
BONBD, BEHEERS-F-HIZRZARLTLEZOT, RHWLOHL LEVICLS
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MEOCERN I Ly 7 v I BREOELLEDDEEZALN S,

BEEOEBEEMCE L7 Ly TV ERTOIE AN % Fig. 28211 d, ZERY
DR GOWRMERFALI I RAOMEBIC 1 ~27FT BAKEZIRZEE3 lom, HE
23mm, FL 043 mm TH -7, L LKERHOBEID, 2 —F—-OhMe\RELL
e KHRE & OERENL Y, RETmm, E8 3nm, FAEL 068mm L&D K
(il nt, (WEBOBHAEIZ062T004mm, ¥ v 7 M 009mm TH D, BEESI
BEBLTWEh-Z &0, HRBRY » v THBICITEATELLAREER TS b
DEEbh3, )

(b} EERZRH

SHIEM L7 TEOEROERE K% Table 281 IKRT,

ABBHIRICAN L O ICBBEI 0% OBERNME (BHARE 15K THs, R
AREICLERLy POT L « ATORESBRINIC ETRB - fods, BHFICT- 22
XBBLIUNRGHBEORERTIE, Ly NCRERSLIOLED 51,

BRI Table 281 KRLALHILERSO (REXEEXES ) O4AEKL T, X
D3RS LT, BEEHOERIITEN, KERBOES IR 1070 &
5X10° BMOoBBVIKEZ7 Ly 7 Y7 BRADERPHSHLTHEL - 12OT, HEEXHNET
i€, \BFEE I KE L,

3 BBBIUEXK

EBREROBES Fig. 283 1TRd,

Test Mo 115—3, 3#ME 241 cal /g~ U0, OFRICA VB ORFERIZR ALK S D 033mm
THD, -THREORELFHOBIOEZIRI 0B nmBEL#EEINS, T NEKSTARED
¥ 23ICHS T 50, BERIBBLUEDL -,

L LEEEOEAHNA X I - Test M 1155043, REEORME 239 cal /gUG,
Th, LrFHOBEREEOS 5 2 rHOPTRBEERBENE LT, RE®ERE Fig.
284KFRT, BRU-ESTOREIZI2mm BELUTI#EINIC L5, COFIH
BRI -TIDHEELEL, hINAFEOLATEERNBLE LD LEEZ LGNS, BRR
LIADSRSEEMITAMICEEHRLTE LT ERRLELS, B2tEbRInTY
1Za

88 221 cal g+ UQ: LITOEBRTIZ, BFEFOA (1156—17 ), th (115—-2), /(1151
HOBALBRHRBELTT. BHEABLRBEBELEDINLL -,

Test Mo 115—4 OFEBIT, BEBHTEHBS 7 » 7 2L L RHBE 264 cal g-UO: % H
BEL, WEEHOEREHIIELALODOTHE, BHITRT2OCHETL T, 23
L= B SR EEAMERT. $E0EBIIen LD 3~dmm FBO<SL o b =Ly M
RETH-1, CORBBTII, WHENEGEFM <L F—HEEO &, HEEORIL
ps, BEELRKOEEY - RERNFCL T, RAMNOBARERY 7/ RET
ZOERICIIE - TRV LT, AEBRTREBERTSEEAE LTV d 3 hzs
DEEZ LN S,

Test M 115—6 OERBMEEE ( 342cal g+ UO:) Ti2, BHI T 2 v+ — DIE LN
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ofe, BAME SERARELSHSHEAS AL, 211 ORRRERRORICH T, B
SRET BB B0~3T5 cal /g- U0 DBG, BERERSBMREICE LIRICEL, <
Lo M2 1 BT LTS ATELRED FRIBN L, KX KEHEEIIE L TR,
e LEAER T, BH FRRDORME 253 cal g-UO., (LREBHBOMN 3L ) DRI
THEEBEBL, kg /cm® OAFELRE LK 10 m sec OKBEHEETHELEHE S 77,
Z 5 OHEA Fig. 285 T, R SHomnLdid, cOLHUBRAT I ¥ —-0F
A S BRSNS E ORME 108 cal /g UO: M EoBAGREELTNS, LHLR
B OFERFig. 286 KRLrL Y0, BHEEOAEANE -THY, BLRBOSRAE
FBROMADES EbEE - T, AEROEAIL, FME 253 cal /g U0, DHET L
vt OBR - —BERMICLANELRORR. HEEREOHL L RRHLS S NERRASE
D, EmBUQMAKICRIE L, TOBBRNI A A F—nRELLLOEELLND, BHE
DEDICE DS EBOREHREEGIETO 247 HoBA (0EFN )R OBZELLLD
THEHD, BEESHREEGREIITE : 1500.°C, gt o 1800 ‘Ciostt U L& D% 800 CTLEL,
R PEARERED Y THE TV ODRE, LOBEDOUOMRE L EBTEh - lps
LEZ NS, (Fig. 280 MEBRXBEEER 2 LTTRBLICTHOREN I, RE Lk
BAMBLTHALE0IDBICESEE ( Zry— 4 OBEAICHED )RR LTHRL TS
& BIUCOEMS AT AKBOEESMBEECNL >TWVWLIT L, ZOBRATHREFRE
DR+ WA L, UOHEUKPIRL LbDEEZSND, RELAUO DLREIFE
FBDH T0%T H - e :
LEOEREEBLUERL S, WEECHERKES LR ORBED RS BN OBE
LELAZEMEOHEN e, LT, BEERO L2 0ER, BERENMNEVEARS
W L2 G L s, HEENASCHBEECHAL E, L LEOETER, BRERIN
B 012 mmEEUTOBA T 25cal /g-U0; 0% THE05, HFHRE(LNT &,
FEAL AR LB ERABE L VECERRETCET A EEREL DL NI

KB S— T 7 EBFPHABKAEE L BEENEAR B L UCALRKERECOL
TOEREELDLTETH L,
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Wave profile of acceleration at horizontal
vibration test (#0.4G, 600 rpm)
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Fig. 2.8.4 Test fuel after irradiation in Test Ko. 115-5
(239 cal/g-U053)
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Table 2.8.1 Summary of test condition

Fig.

Energy Deposition (cal/g+U0;)

Cladding Defects
Energy
Diameter (mm) Deposition Fuel
Test No.| Grade o Depth (mm) (cal/g+U0y) | Failure Remarks
long short
115-1 | medium| 3.1 2.3 0.49 214 vertical
vibration
2 small 1.6 1.2 0.11 210 "
2.1 1.7 0.33
3 small | 1.7 1.4 0.19 241 "
3.3 2.2 | 0.46
5.5 2.5 0.46 '®) horizontal
4 | large | 55 | 30| 0.33 262 vibration
4.0 2,5 1. .0.06
5.0 2.3 0.48
4.9 2.8 0.68 "
> large |, 2.8 0.63 239 ©
4.2 2.6 0.46
7.0 3.0 0.59
11 1)
6 large " " 8'?3 342 O "
" " 0.38
7.0 3.0 0.53
" n
7 large " " 8'?2 221 "
" " 0:30
FAN
() : non-failure
@®: failure
penetrated} H
2
2 large - A A O @ o ®
g .
g med - O
o : .
o .
% small - @) O
s .
non - —_— e e ————— Py —-——————_-—_—- - ——
. | ] . ]
150 200 250 300 350

.8.3 Experimental Results for Fretting Corroded Fuel Rods
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(cal/g-U03)

Energy Deposition at
Fuel Rod Rapture Time

Capsule Internal Pressure
(kg/cm?)

Water Column Velocity
{m/sec)

JAERI-M 7554

400 @ fragmented all UO»
v @ " some pellets
&
350 // . ®
//
-4 * ¢
e
rd
/
rd
300
‘//Cladding Defected Fuel Rod
250 | Eg
1 Il L 1
300 350 400 450 500 550

20

10

20

10

Energy Deposition (cal/g-U0;)

(b) Energy Deposition at Fuel Rod Rapture Time

& G e _
300 350 400 450 500 550
' Energy Depositien (cal/g-U05)

(a) Water Column Velocity and Capsule Internal Pressure

Fig. 2.8.5 High Energy Deposition Tests
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3. Buo T B X U HRAHARIC L S

~L oy bOERICET B R |
| CEREE. mEE

(1) FzHmx ,

UQ&uvbmﬁﬁﬁ.Nuvr@%n@%$%®um&vyb@&égMKOVTEEL
THCCHt, BHECERL VSRS AR T 5 L THENLC LH6D 1 2THE, 5H,
CNLOMAEBE B ICHIEEEREGE T TOUO L v F OBMUERRT <L v FAIK
BT LGNS EBIINICRY, BEBERRICLI Ly  QENDRE DO THEE L .
(2) FRHTHIE _

AR UL 2 SRR - ZEMBERENE D — FAHO K, BFORRET 55 b« <L
g bE L, by FoblEdHEEEOEEELER LT, Fig. 3LLRT LD LERICHEL
r. BLEOBHIZ0T, tORFREZAR) Y IrERTHE, BRHICAVL LU CHHEEE

Wi i,
E = 19250 — 0.247 * T— 000254 * T* e (1)
T,
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T:®ECC :
v = 0296 emraneniad (9)
T
v BT R
o= 67951 % 107° + 57996 % 107° ¥ T e (3)
T,

a  ABEEEg T
Uﬁ»4VvfN@ﬁEﬁmmmﬁﬁ%ﬁimmmwﬁwmzﬁ@mxmAN:;F“z;

SR RERLT,

(3) ERERDILIOBITER :
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kB P TR D A, BT TS S R DR S IE A DR R £ G DhETRT, F7
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0158, 10BHEBLABSTORESHTHL, CHoORKICRLIL D C, INEERFE
FEFTO<L oy bEFEOEREN L o M RESEEE O A X" KS T ROEHET
$ps, BRI D Ly FABSOBREETE S bICSL oy MEBRAIC D5 T ROERE
T LD B, HEMET LEBENTOD AL 5 RS RRAEEREE NN OENE &b ICHE
AL, by Ol T B 2 55 2 (.15 BRI 165 um DR AL &4 T8 — K.
Sy b OBIETILE B ICATE RS L RS 23Ry L 0B #1865 am &, F7H8
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Fig. 3.2 Thermo-elasticdeformation and stress distribution of U0; pellet
(at 0.105 sec after the withdrawal of the transient rod)
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Fig. 3.3 Thermo-elastic deformation and stress distribution of U0, pellet
{(at 0.11 sec after the withdrawal of the transient rod)
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Fig. 3.5 Thermo-elastic deformation and stress distribution of U0,
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radius

Fig. 3.6 Transverse section of the post-irradiated fuel pellet with
an energy deposition of approximately 280 cal/g-U0,.
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Fig. 3.7 Photograph of the post-irradiated fuel pellet irradiated at
an energy deposition of approximately 100 cal/g-U0,
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Table A-1

Reactor Type;

Reactor)

Reactor Vessel;

Fuel;

Fuel type

Fuel enrichment

Clad material

Puel diameter

Clad diameter

Length of fuel section
Number of fuel rods

Equivalent core diameter

Control Rods;

Number

Type

Poison material
Rod drive

Transient Rods;
Number
Type

Poison material
Rod drive

Core Performance;

a) Steady state operation
Steady state power
b) Pulse coperation

Max. peak power

Max. burst energy

Max. reactivity insertion
Min. period

Pulse width

Neutron life time

Experiment Tube;

Inside diameter

Characteristics of NSRR

Modified TRIGA-ACPR (Annular Core Pulse

3.6m(wide}>\4.5m(long)>.9m(deep) open pool

12 wte J-ZrH fuel

20 wt% U-23%5

Stainless steel

%.56 cm

.76 cm O.D.

28 cm :

157 (including 8 fuel-followered
control rods)

62 cm

8 (including 2 safety rods)
Fuel followered type
Natural BaC

Rack and pinion drive

> fast transient rods and

1 adjustable transient reod

Air Tollowered type

92% enriched ByC

Fast Pneumatic

Adjustable: Rack and pinion
& pneumatic

300 kW

21,100 MW

117 MW-sec

3.4% a4k ($4.67)

1.13 mnmsec i

4.4 msec (1/2 peak power)
30 usec

22 cm
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Fig. A-1 General Arrangement of NSRR

— 151 —




JAERI-M 7554

Cff-set Loading Tube Direction

-+

M.
+

+ -+

Core Shroud

. ’ f\\”. @.\ .
‘ Du@ N ©.
0008 CE oot
Q=G @@ =

O@@@@

Grid Hole

+

Fuel Element

®
|

" Bank Control Rod with Fueled Follower

Safety Rod with Fueled Follower
Transient Rod with 4Air Follower

®
@

Fig. A-2 Operational Core Configuration

— 152 —




JAERI-M 7554

f;‘- 25x10° §
Z NV 25 4
—-  20x10°L =
g 2
8 15x10° b3

Q
‘_ e
8 100’ >
;- 2
v &
2 5xi0°} w
zZ -

>

=

Time {msec)

Fig. A-3 Reactor Power and Core Energy
Release given by $4.67 Pulse

. ‘{;.
4
10+ y o
CE = Peok power ’ Bl
&3 ’ / o 8
} 8= L9
e th =
o senergy - &
¢ o remse 2 ©
Homs ¢ <
o~ . a
8
i :
Q
/Pro*npt
enzrgy
& “¥" relegse .
f i 1.2 1.5 20 30 4050 10

Reochivity insertion (3)
Fig. A-4 Peak Reactor Power and Core Energy
Release Versus Reactivity Insertion

T

3 3n '

° Cupsule

W5 7 * wall

(] .

% 6 .

- 5 Experiment

2 _ Tube
B

a3 3 .

: 2 b m /r&\\g\j

£ | Air | | Fuel region Wofer\\
E «10&" "'ﬁ":*j

Teat fusl fat r!'g 2nd Jrd “Hh Sth 6th 7in Uth Bth
Radial  distonce

Fig. A-5 Radial Thermal Weutron Flux Distribution
in the Core and Capsule

— 153 —




JAERI-M 7554

600
U0, Enrichment: 20%

500 |-
N
S 400 |
50
.
—
o
=
o
o
-~
L 300
93]
o
=S
o
o
4
o
Q
p=
dﬂ 200
jan

PWR
00
1 JPDR-II
| I i
1 2 3 4 5

Reactivity (§)

Fig. A-6 Heat deposition in a LWR size test fuel rod contained
in a capsule with water as a function of inserted
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Table C Summary of the NSRR experiments

(Dct., '75 - Dec., '77)
Test Fuel Test Results
Energy .
" Test No. Pulse Depositicn Period Enrichment | Single/ Fuel Loss of
No. {msec) | Fuel Type . . Structual
(cal/g-U0y) (%) Bundle Failure Integrity
103-1 441 267 2.16 Standard 10.0 s O
103-2 455 184 3.38 " " "
103-3 467 205 2.72 " N " O
103-4 482 384 1.48 " " " O
103-5% 532 239 2.26 " " ' O
103-9% 573 246 2.10 " " b C
103-10% 587 186 3.15 " " "
103-14% 520 175 2.33 " 5.0 "
111-1 123 44 9.14 JP-I1 2.6 "
111-2 126 112 2.29 " " '
111-3 127 181 3.29 Standard 10.0 "
111-4 135 244 2.41 R " "
111-5 136 270 1.91 " " " O
111-6 140 333 1.61 " " ' O
111-7 175 376 1.43 " " " Q
111-8 268 433 1.32 " " i @]
111-9 236 158 1.59 JP-I1 2.6 "
©111-10 237 204 1,23 " " "
111-12 299 179 2.23 Standard 10.0 "
111-13 340 140 4,48 " i "
111-14 362 161 3.82 " " "
111-16 351 221 2.77 " " "
111-17 363 229 2.57 ' " " O
111-18* 547 485 1.39 " 20.0 " O
111-19* 553 526 1.28 ' 20,0 " O
113-1 303 245 2,22 " 10.0 "
113-2 304 264 2.06 " B " @,
113-3 305 481 %1 1.41 " " " ]
115-1 439 214 2.81 " " b
115-2 440 210 2,77 " " "
115-3 450 240 2.42 " B "
115-4% 503 262 2.05 " " " ; O
115-5% 514 239 2.42 " " " ; @
115-6% 527 342 1.56 " " "
115-7% 521 221 2.66 " " '’
115-10% 594 153 3.82 " " " E O
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Table ¢ (Continued)

Test Fuel Test Results
Energy . . . i Loss of -

Test No P;i?e Deposition i;:;g? Fuel Type Enrlﬁg?ent :igii:l Fzziire %Struct?al

. (calfg-UGy) | Integrity
200-1-1 182 39 28.63 Standard 10.0 S
200~1~2 183 241 2,36 " " ™
200-2-1 179 116 5.96 " " "
200-2-2 180 271 2,04 " i " 0 i
200-3 148 ‘176 3.33 " " '
200-4 181 233 2.36 " " "
200-5 189 264 2.09 " " " O
200-5b 246 267 2,03 " " ' O
200-6 187 271 2.C0 " " " e
200-6b 247 276 1.95 " " " O
200-7 191 295 1.83 " ' " ¢,
201-1 243 244439 2.25 " " "
201-2 390 140 4.96 " " "
201-3 438 171 4,96 " T “
202-1 298 250 2.19 " " "
202-2 300 254 - 2.21 " " "
202-3 341 252 2.30 " " " [@
202-4 353 252 2.32 " " " O
202-4R8 397 254 2,42 " " "
203-1 316 324 1.72 ' " B O
203-2 318 336 1.67 " " " Q-
203-3 320 367 1.56 - " " i O
203-4 321 380 1.50 " " ' O
203-5 367 341 1.62 " " " [
205-1-~1% 533 36 20.62 ' " T
205-1-2% 534 36 20.62 " " "
205-1-3* 535 70 10.98 " " "
205-1-4% 536 148 4,00 " " "
205-1-5% 537 209 2.77 " " '
205~1-6%* 538 231 2.52 " " " o] :
205-2-1% 558 151 4.00 " " 't
205-2-2% 559 154 4,00 " " '
205-2-3% 560 155 4,00 " " "
205-2-4% 561 234 2.31 " ! '
205-5-1* 601 147 ©4.00 " 't ' H
205-5-2% 602 177 3.25 " " "
205-5-3% 603 208 2.77 " " "
205-5-4% 604 228 2,44 " " "
205-5-5% 605 242 2.19 " i "
206-1-1% 566 36 20.62 " " '
206-1-2% 567 34 20.62 " " "
206-1-3% 568 66 10.98 " " "
206-1-4% 569 157 4.00 " " B ‘
206-1-5% 570 216 2.77 " i '
206~1-6% | 571 247 2,31 " " B
206-2-1% 597 157 4,00 " " "
206-2-2% 598 160 4.00 " " "
206-2-3% 599 160 4.00 " " "
206-2-4% 600 238 2.31 " " "
207-1% #*2 0.1 - " 5.0,10.0 "
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Table ¢ (Continued)
| Test Fuel X Test Results
' Energy . : Loss of
Test No. P;ése ; Deposition ?erio? Fuel Type Enriig?ent glngie/ EFF?il Structual
. (C&l/g-UOz) msec ‘ o u_n e i alilure Integrity
207-2% 507 263 ' 2.02 ;Standard | 5.0,10.0 | _§
207-3% 523 282 i1.87 | © " Lo
207-4% 574 274 [ 1.87 | ™ 0.0 | "
207-5% 592 210 2.77 ¢ i " "
209-1 238 177 3.38 | " "
209-2 239 179 3.38 ! " " "
209-3 240 179 3.38 | " " "
209-4 241 180 3,33 | v n "
209-5 242 183 3.38 | v " "
209-2-1 407 183 3.41 | W " "
209-2-3 408 178 3.41 " " "
209-2-3 465 180 3,41 | ¢ " "
209-2-4* | 524 176 3.28 n " "
212-1% 529 116%3,%% 1 5, 79 sus " "
212-2% 548 22474 2.47 " " "
212-3% 577 293%" 1.73 " v " 0
212-4% 585 423™H 1,22 " " " O
212-5% 557 262 1.98 " " " o)
216=-2% 582 | 255 2,00 | Thin-Wall " " O
216-3% 593 231 2.35 | " " " 9]
220-1 293 53 13.44 'Standard 5,0 "
| 220°3 | 294 110 3,96 i " "
220-3 295 49 62.46 " 20.0 "
220-4 296 113 8.35 " " "
220-5 322 66 15.98 " 10.0 "
221-1 349 239 1.58 " 5.0 "
221-2 372 245 1.48 " ' "
221-3 384. 242 1.44 " " "
221-4 350 274 2.50 . v 20.0 " o
221-5 373 189 3,89 ¢ 0w " " O
" 221-6 391 232 3.25_ 1 " " " o
222-1 396 264 1.39 " 5.0 "
222-2 409 286 1.33 " " n o .
222-3 418 276 1.36 " " "
2224 399 248 2.91 " 20.0 " O
222-5 410 245 3,06 " " " e
227-6 431 253 2.77 " " " e
226-1% 589 208 2.77 Flat | 10,0 "
226-5% 583 207 2.77_ Dished " " -
231-1 314 240 2.27  Pressurized " " O
.231-2 315 249 2.27 " " "
231-3 325 184 3,13 " " " Q.
231-4 339 136 4,38 " " " 0
231-5 437 240 2.42 " " " ®
231-6 477 227 | 2.37 " " "
231-7 464 278 L 1.94 " " "
331-8 443 235 2,26 " " b
231-9 461 246 L 2,13 T " "
231-10 480 250 2.03 " " "
231-12 415 243 2.19 " " "

(#3) ADR D F 2 H3754 120y, BB ILConsole Data X DML 7w
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Table C¢ {(Continued)
Test Fuel Test Results .
Energy N : : Loss of
Test No. P;ise Deposition _2:;;2? Fuel Type Enrlig?ent gézgi:/ Fzgiire Structual
* (cal/g-U05) | ° Integrity
231-13 448 262 2.04 |Pressurized 10.0 5 O
231-14% 579 238 2.19 | Evacuated " "
231-15% 526 259 2.00 " " " o] B
231-16 419 162 3.59 |Pressurized '’ " O
231-17 449 150 3.89 " " "
231-18 479 237 2.3t " ; " " O
 231-19% 508 177 3.28 " " "
231-20% 517 200 2,77 " " " O
231-22 456 279 1.89 " " " e
231-23 471 353 1.43 " " " Q
231-24% 515 195 2.81 " " "
231-25% 518 209 2,70 " " " o]
. 231-26% 522 260 1.98 " " " O
232-1 155 181 3.46 Wide-Gap v "
232-2 186 236 2,50 | " " "
232-3 188 261 2.22 5 i T
232-4 184 274 2.00 . " " " O
232-5 194 326 1.68 " " "
232-6 195 294 1.83 " W " o
232-7 329 718 2.60 " e "
232-8 364 198 2.93 " " "
232-12% 581 112 5.96 |[Narrow-Gap | " "
232-15%* 572 257 2.03 " ! " " O
232-16% 551 21975 2.13 " " "
232-17-1%*| 607 171 3.41 " ' : "
233-1 327 180 3.41 Standard " ; "
233-2 328 271 2.08 " " " O
233-3 378 180 3.41 ¢ " " "
233-4 352 247 2.31 " ' " O
233-5 379 251 2.31 " 1 " "
2336 385 211 2.52 0 5 " . "
233-7 404 237 | 2.3, oot o0" [ O -
233-8 412 239 2.33 " " i " @]
233-9 446 234 2.40 " " " O
233-10 356 371 1.45 " " " O
233-11 357 . 421 1.35 " " " O
233-1la 366 391 1.34 " " " )
233-12 460 266 2.03 " " " C
233-13 473 410 1.44 " " " O
233-14% 504 237 2,40 " " "
233-15% 516 184 3.15 " " "
233-16* 530 243 2.19 f " " O
233-17% 552 254 2.01 " " " (@]
233-18% 575 487 1.40 " 20.0 " @]
234-1% *2 0.1 - " 10.0 "
234-2% *2 0.1 - " " P
234-3% 511 288 1.87 " ! " : " O
234-4% 525 280 1.87 " ! i : "
235- 1% 586 167 3,56 " | " R
235-2% 591 274 1.83 " i " J " O
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Table € (Continued)
Test Fuel Test Results
. Energy . . . Loss of
Test No. P;ise Deposition i;::g?i Fuel Type Enrl%;?ent :izgizl Fzziire . Structual
i(calfg-UOZ) i i ! Integrity

311-1 197 | 44(55)%6 5.37 JP-TI1 2.6 B{5)
312-1 348 177(188)%% | 1,72 | Standard 10,20 "
312-2 419 188(200)*% | 1.71 " " "
312-3 451 | 225(240)%% | 1.46 " " i | o)
312-4% 576 228 1.46 i i " O
313-1-1* | 584 - 12.63 | m 20.0 B(4)
400-1 485 155 .32 |Only peilet 10.0 s i
400-2 459 155 L6.42 " , " "
401-1 159 53 5.24 JP-11 2.6 m
401-2 160 106 2.32 ] i i "
401-3 171 154(115) 1,56 1 " T " IS,
401-3b 252 150(142) 1.33 " " " O
401-4 313 166(136) 3,62 | Standard 10.0 i O
401-4b 317 168(125) 3.78 T m . O
401-4c 394 155(129) 3.78 " i " 0
401-5 319 131 4,90 " " i
401-6 342 246(103) | 2.28 " : " " 0
401-7* 549 291 " 1.85 " ! " " O
402-1 168 47 5.58 JP-11 i 7.6 "
402-2 169 104 2.27 " B "
402-3 | 174 154 1.56 " " "
402-4 I 343 165(109) 3,72 . Standard 10.0 i o)
402-5 355 250(92) 2,32 " i T 0
402-6 414 131(90) 5.41 : " " " O
402-7 472 1 118 5.21 ! " " n
403-1 365 161(128) 3.93 " i o O
403-2 381 247(111) 2.42 " " " 0
403-3 383 153(116) | 1.44 " " g O
404-1 400 129 3,65 i " m
404-2 405 243 (138) 2.39 " " " O
404-2B 481 236 (134) 2.28 " " 1 )
411-3 265 152(123) 1.53 JP-1T 2.6 " 0
412-1 393 155 © 3.78 | Standard 10.0 o 0
413-1 454 154(108) | 3.89 " " "
413-2 466 158(99) 3.62 " " " O
421-3 264 152 1.53 JP-11 2.6 " 0
431-1 470 155(115) 3.78 | Standard 10.0 " 0
432-1 402 160(92) 3,93 " i i O
432-18 457 165 3.82 v ‘ " "
432-2 442 233(143) 2.44 " ! v " [e
433-1 406 _ 155 4,00 " " i
433-2 45 237(172) 2.42 " " i O
441-1 484 161(98) 3,62 " " T 0
452-1 417 154(107) 4.00 " " " [«
462-1% 550 103%> 3.82 |Narrow-Gap : " " O
4p5-3=-1% 519 84 8.35 Standard " "
465-3-2% | 528 164 3,82 " " " 0
472-1% 505 139 2.68 i 5.0 " s
482-2% 606 | 165 3,82 | Thin-Wall 10.0 " o)
487-3% 578 | 167 3.82 |Cold-worked " " O
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