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Semiannual Progress Report on the NSRR
Experiments (12)
(January, 1981 to June, 1981)

Reactivity Accident Laboratory
and NSRR Operation Section
Division of Reactor Safety, Tokai Research
Establishment, JAERI

(Received January 30, 1982)

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

This feport describes the results obtained from January, 1981 to
June, 1981. A total of 38 tests were carried out during this period;
those are 5 standard fuel rod tests (2 scoping tests and 3 high energy
deposition tests), 10 fuel design parameter tests (4 pre-pressurized rod
tests, 4 stainless steel cladding fuel rod tests, 1 gap gas composition
parameter test and 1 embrittled cladding fuel test), 6 cooling condition
parameter tests (5 forced convection tests and 1 bundle rod test), 10
defective fuel rod tests (7 waterlogged fuel rod tests and 3 fretting
corroded fuel rod tests), 1 fuel behavior observation tests, 1 water loop

test and 5 miscellaneous tests.

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

Reactor
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Summary of the progress in this period
(T. Hoshi and T. Ishii)

This report summarizes the progress and the major results of the
NSRR experiments conducted during a semianual period from January to
June, 1981. A total of 38 tests, including one water loop test and one

transient fuel behavior observation test, were performed in this period.

(1) Standard Fuel Rod Test Series
4 high energy deposition tests and 2 reproducibility confirmation

tests were conducted. In the high energy deposition tests, data repro-
ducibility of the mechanical energy convdrsion efficiency, and the
influence of water subcooling and the mechanical restriction to the
vapor exansion on the conversion efficiency were studied. The reprodu-
cibility was good and the lower subcooling and larger mechanical
restriction decreased the conversion efficiency. In the reproducibility
confirmation tests, the relation between the position of failure initi-
ation and the axial distribution of the energy deposition were studied
based on the detailed measurement of the axial distribution. The tests
were conducted witﬁ new type standard rods which carry low enriched
fuel pellets at the stack ends to decrease the end flux peaking. No
measurable differences of the general fuel behavior were observed between

the new and the old type of standard rods.

(2) Fuel Design Parameter Test Series

4 pre-pressurized rod tests, 5 stainless steel cladding rod tests,
1 gap gas parameter test and 1 embrittled cladding rod test were performed.
The influence of azimuthal difference of cladding temperature, and that
of fuel rod plenum volume on the ballooning behavior in the RIA transient
were sfudied with the pre-pressurized test rods. The effects of the
falling down of fragmented pellet on cladding ballooning were also
examined. Although the azimuthal temperature difference of 50 to 100°C
was observed during the period of temperature rise, the difference was
almost disappeared after reaching the maximum temperature, and, consequent-

ly, a large ballooning was resulted in. A test in which the test fuel

rod was irradiated at the off-centered position in the capsule in order
to give a large artificial azimuthal temperature difference. However,
no good results were obtained due to partial melting of the pellet at

the hotter side,
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Regarding the falling down of the fragmented pellet, the possibility
of the additional heating of ballooned cladding by the crumbled pellet
was suggested by the German researches, The transient change of fuel
pellet stack length was measured by LVDT with the pre-pressurized rod
in NSRR. The measurement revealed that the decrease of the fuel stack
length is quite gradual, and that the crumbling of the fragmented fuel
does not occur during the ballooning process of the cladding.

In the stainless steel clad fuel tests, pre-pressurized and non-
pressurized FBR type rods were tested at the energy deposition around
the failure fhreshold. It was confirmed that the failure threshold of
the non-pressurized FBR type rods is between 317 and 341 cal/gUOz, and
that of pre-pressurized (5 MPa) rod was more than 290 cal/gUOz.
One test with a large diameter stainless steel clad rod for LWR use
was also tested at a high energy deposition. Neither fuel fragmentation
nor mechanical energy generation was observed at 304 cal/gUOz, which
proved that no substantial difference of the threshold for the mechanical
energy generation exists between the zircaloy and the stainless steel clad
fuel rods.

One gap gas parameter test was conducted to get the reference data
of the former Xe filled rod test irradiated in the Aluminum Capsule,
since the former data with the Aluminum Capsule were largely different
from those with the standard Stainless Steel Capsule. Good data repro-
ducibility was confirmed between the Stainless Steel Capsule test data,
and the need to reevaluate the energy deposition of the Aluminum Capsule
tests was pointed out. One test with embrittled cladding rods was
conducted. Embrittlement of the cladding was attained by oxidizing
in steam flow in the electric furnace. Four test rods made of differently
oxidezed cladding and of different diameter pellets were irradiated in
the same capsule simultaneously at 230 cal/gUOZ. At this energy deposition
level, all of the four test rods were intact, and the influence of the

embrittlement and the pellet diameter was not clearly seen.

{(3) Cooling Condition Parameter Test Series
4 single tod tests and one bundled rod test both under forced con-
vection condition were conducted.
In the single rod forced convection condition, one test for void
ratio measurement, one at high energy deposition, one at high coolant
velocity and one at low subcooling were performed.

The void ratio measurement was a preliminary test for the development of

(6)
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the two phase flow measuring instruments at the test channel exit in the
loop experiment. The useful data for the void ratio measurement were
obtained. In the high energy deposition test, the observation of flow
blockage by molten fuel was attempted. However, the blockage was not
attained due to the melt-through of the zircaloy flow tube by the molten
UOZ' The reference data under ambient pressure for the loop experiment
were obtained in the high coolant velocity test by realizing the same
coolant velocity as the loop test. Based on the data obtained, the
effects of system pressure to the fuel thermal behaviors were confirmed.
In the low subéooling test, a single rod was tested at the coolant
temperature of 80°C and the velocity of 1.8 m/s. The influence of
lower subcooling to increase the maximum cladding temperature rise and
film boiling duration was observed as it was under natural convection
cooling condition. _

The first forced convection test with a five rod bundle was conducted
at ambient coolant pressure and temperature and at the cocolant velocity
of 1.0 m/s. The fuel rods did not fail at the energy deposition of 225
cal/gUO2

while the center rod did break at the same energy under natural convection

for the center rod, and 240 cal/gUO2 for the four outer rods,

cooling. The effects of the forced convection cooling to increase the
failure threshold was thus confirmed. However, as the cladding defor-
mation and the measured maximum cladding temperatures were not much
different from those in the natural convection tests, the influence of
coolant flow was not so distinct as observed in the single rod test

conditions.

(4) Defective Fuel Rod Test Series

7 waterlogged rod tests and 3 fretting corroded cladding rod tests
were conducted. In the waterlogged tests, leak tests of pressure sensor
adaptor connection, gap pressure measuring test and a long sized rod
test were conducted. It was found that a leak existed at the adaptor
prevented the pressure accumulation in the rod, and that the leak was
the cause of the poor reproducibility of some data group. Direct
measurement of gap pressure transient was done with wide gapped test
rod by a special pressure transducer attached on the cladding of active
fuel region.
In the fretting corroded cladding rod tests, the behavior of pre-pres-
surized rods with artificial defects and those with fretting corrosion

defects were compared. Test rods with artificial defects of 0.3 to 0.5

7
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mm depth formed by the foil were pre-pressurized to 12 kg/cm2 and tested
at the energy deposition of 168, 180 and 190 cal/gUOz. The test result
indicated that the behavior of the rod with the artificial defects is

quite similar to the fretting corroded cladding rod, if the size and the

shape of the defect are the same.

(5) Miscellaneous Tests
One fuel failure propagation test and one fuel pellet fragmentation

test were performed. In the former test, the influence of the waterlogged
rod failure to the surrounding rod and the internal construction was
studied. A five rod bundle combosed of one waterlogged rod at the center
and four intact surrounding rods was subjected to a pulse irradiation.
Data were obtained both on the mechanical influence of the pressure
pulse and on the thermal influence due to coolant ejection out of the
flow shroud. In the latter test, the fragmentation of wetted pellet of
different water content was compared to get the information on the fuel

fragmentation mechanism of waterlogged fuel.

(6) Water Loop Test

The influence of coolant forced convection was studied under rather
high coolant flow conditions. A single test rod was irradiated three
times at the energy deposition of 240 cal/gUO2 under the cooclant velocity
of 3 m/s, 6 m/s and then 4 m/s, under the pressure of 1.1 MPa and the
coolant temperature of 100°C (subcooling 80°C). The measurement of the
cladding temperature confirmed a large enhancement of heat transfer
coefficient at cladding surface with the coolant flow increase,
At the velocity of 6 m/s, even DNB was not attained at 240 cal/gUOZ.
Simultaneously, the increase of the areal variation of cladding tempera-

ture was observed by the increase of the coolant flow.

(7) Fuel Behavior Observation Test

The fuel meltdown in the air environment was observed by the in pile
high speed photography. A single fuel rod was subject to the energy
deposition of 300 cal/gUO2 in air environment in a quartz cylinder. The
ejection of the molten fuel rod from the lower end of the active region
observed promptly after the pulse irradiation.

As summarized above, a total of 38 tests were conducted in this perioed,
which makes 517 numbers of grand total tests since the first test in
October, 1975. The classification and the number of the tests are

presented in the following table.

8)
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Table Classification and Number of NSRR
Experiments (Jan. "81 ~ Jun. '81)
Number of Tests
Test Item Oct., '75 Jan. '81
Dec. '80 | Jun. '81 Total
1. Standard Fuel Rod Tests
(i) Scoping tests 58 5 63
(ii) Fuel centerline temperature 3 0 3
measurements
(ifi) Fuel elongation measurements 17 0 17
(iv) Rod supporting effect tests 13 3
2. Fuel Design Parameter Tests
(i) Gap width parameter tests 17 0 17
{(ii) Enrichment tests 17 0 17
(iii) Pre-pressurized fuel tests 45 4 49
(iv) Cladding parameter tests 31 5 36
(v) Gap gas composition parameter 16 1 17
tests
(vi) Others 20 0 20
3. Coolant Condition Parameter Tests
(i) Coolant temperature parameter 19 0 19
tests
(ii) Flow area simulation tests 22 22
(ii) Rod bundle tests 11 12
{(iv) TForced convection tests 16 21
4, TUSNRC Fuel Rod Tests 21 0 21
5. Defective Fuel Rod Tests
(i) Waterlogged fuel rod tests 79 7 86
(ii) Fretting corroded fuel rod tests 23 3 26
6. TFuel behavior Observation Tests 2 1 3
7. High Temperature High Pressure
9 0 g
Capsule Tests
8. Water Loop Tests 5 1 6
9. Miscellaneous Tests 35 5 40
Total 479 38 517

(9)
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L&\l , IRIBOEB >0 THEE
v iR BEK OB IR i RIE TR 16 5 21
4, USNRC #El g BWR #! Remedy #4¥ DH K28 D ITHH 21 0 21
5. REarkElaE
) BkEE R RipBEOHEEL & WE, BT A v¥F-0 79 7 86
EE
() EEEAREHE | BEEREOBEBIEER I IETE 23 3 26
6. AIRA T ER | SEBERECLS 2 1 3
wrEt g0 a[ (L
1 EEH T LR %%@Eﬁﬁﬁ-&ﬁ%ﬁ?mﬁwéﬁﬂﬁﬁ g 0 9
8. Kkv—T7HE HEEETIcB T 2EEgOIH 5 1 6
9. #ofth 35 5 40
= E 479 38 | 517
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2. KR EEH T & NV EBK

2.1 RESHER

2.1.1 EH#HEHEE RAER, SH#E. B2 B

(1 & =

T OERARKB TR, AREKA 7 AhOEE TOREEERE > TRETABBT 2 v ¥
— AT 5 Lk, BEKkOY T - VEOEEBRK DWW T HIRE Lz, SHRsIERVT, (I1v7
7 - VEOEBERSLEY T —VEER (Test No111—28) #EME$ 5 LT, (T F T
LTEBERr i vF—OBREZE~N2BHMEER (Test N 111 —31, 300 , &oiliFs
DRHENOBR T %V F —~OEBERNLRTY v 7ic & HHIHEER (Test Na 111 —28) %%F
HEL 7o

(2) EERAH:

H 77— VEHEHBRTREEKA il e — 7 2R TKEE I0OCIT LR L, REBRoY 7
7 —WEERICEbOHTH27cal /gU0, & L1,

HEMFEE T Test No 11119 ELHBETL2E®T, NLRBHICHE- TR, P Jc v b EE
DAEBEZE—& L, ARl & OEBREZAOHEREE, Test Nalll 30 THREABBOEHRAL DN
iz CABmELES, MMcELIHAe—272RELKLZEEKBORY LD AFHRIT 5B FOE:
Kx< (AR 116mm) L7 ETHD, Test o111 — 31 THEFEERELLEOATH 5,

ZFN) I AMEERTIE Fig2 L1IKRTEIRC, # 7K EREROBFICE-TER
FYARG, ATELVABEDOXy » THRO—N VIRV TEELEEESL, EX Y EHIRR
TNy FAEBEB LI, AT YSOEERB 15mm TH Y N R EHIZ Kk = 9.96 kg / mmTH 5,

LOEBTIE, BELIEBHEI ANF 227 v/ ORMET 3 v F KB UMNE L.

(3) EBER ' :

() #72 —EHERR (Test No111—28)

SEOY T2 —VE IV COERTIR, TAVF -EHERN066FEAIEOF 77 —VEISC
DEER (Test No111—25) D045 BIHASEAE Lotz LB LEHEOERELTE, 47
J-NEHUNX LI EERETEEM T AV F-DEFEICENT OTEELE, 77— VEBE
E25CED/NECBEEBM A VF—bRDT AR HD T EHBPSPE U ST, T —
WEBNESL B EEKRODBRICET Sz 2 0 —-OBNESELT 2P TERT 7V
F - EHBETT20E, BEOBN T (LAY 77 —rEORDICHELVIIRI Sl iinsEL
5115,

(i) FHEMES (Test Na111—30, 31)

B A BB ONMICEELE5A5LELO0NLIEBERE, Test 11l —19&H4
Table 2.1, 1 iC/R L7z Test No 111 —31 & 111 —19 OFERCD W TR B O REEDE
FORFREELEBS—HLTEY, SR LABETORNMBEFRLSCEEIH LAz vy
BHEBOND I EERIETE/,
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Test No 111 — 30 20T, B OEBRICH~, BIEHORRENE L 0RO 7w VKR
f@%éﬂé%&%ﬁﬁﬁ%%<mﬁtocmm&brﬁ%m%gﬁﬁdﬁ<HU:$W¥fﬁﬁ
B 0.36% LIRS 5 ote TRMKESEEASE T LAFERIK-OTE, BREEOEXRORD
?mbﬁﬁ%ﬁﬁ5—7%%£¢5hbCd%%%wttbwﬁ%%%%mﬁgﬁﬁyb,Nwz
HEEHT & - T L7 BES 70 iR el LB L7 GNAMNSERTDENS L, Tt
WiEE TORBBHINEL B - ORBEHEEOTHEEL L B OERIC L b AREERPES
E@LﬁmiémEQLﬁﬁ,Lﬁbh;5Kﬁﬁ$ﬁ€~9@%£&@@%ﬂ®ﬁ@ﬁiDﬂ%
XN D TREOHEELGNEY, ZRHTDVTRSSKSBERIOEND L.

iy 27U v7ickpigmEER (Test No111—29)

B DRSIRIE I et 3 AR ENCHEEETEEL SR, A7) ¥ /AL D Test Nelll
— Ol EREBE—HKLTED A7 ¥ SORROEBRIES ohEh -7, —F, ATV ITD
BAEMHIE#I 28 emThh, ChhbEIANF L HAN-HADOHEFEIC LSBT v — I
&%%‘Jﬁﬁ'%&ﬁiﬁlfﬁw#—&i T4 ] &1, HoTTZHAAF—EHERIE 005FEEDATIY
S L OERICHANS ELVIFNSHETHSE, iy EREQET, 27 v 7 OfHE
LU AT AROKDEDD FEURSSEANST B0 LELONDH, SOISRNFER
ZEAZTRITEZEDLITETH S,

2.1.2 R R AR
2.1.2.1 SUEREKEHEDA R OFMEE (Test No.200—5D)
GEER, SEME, IR & SNER

(1) EERABH

NSRRﬁﬁmﬂﬁﬁmﬁwfﬁ,ﬁ%%ﬂ&wﬂﬁﬁwﬁmf%%%ﬁmméﬁiUTD%C&
DB -TH B, TORRAHIE, (1 HIEELEOE i kAT EAROHERE, LB ED
%ﬂxﬁva%ﬁﬁmzv?ﬁﬁ.@Zom%ﬁm;@§b.cném%ﬁmxb,ﬁﬁﬁﬂm%ﬁ
Mic BT, FHMRERBLSEG, o, BB 2S5 » 7 HERTRM L 7 EELTV L,

C kSIS B (L RET BRI IC 35 1T 2RI OB L TE Y, HBHREHROTIBIEICS
U%ﬁ%ﬁﬁﬁﬁwﬁﬂﬁ®?ﬁﬁﬁﬁ¢LTD%E%%%@*OK$H%C&ﬁ&%éoLmb,
C@%%%ﬁﬁ%ﬁ%ﬁm&ﬁ?%@womf@+ﬁm@ﬂénfmﬁwoCCTu,cw%ﬁ%ﬁ
PEBAEND I HOERO—E LT, WEAL S VETH 55260 cal /g U0, DRBBERA
?%%%%ﬁmw,ﬁ%%@ﬂ&@%%ﬁﬂ@%%%ﬁ%*&é&#w,WE&E&%ﬂﬁﬁ&mw
Fie 20 TR L.

(2) EBIE

NS RR EEEE (HiEr , FORAE— 72 E TSR EHRBEAS v 7 AHERERRY 7 ¥
Rl FCEEDPL 10 BmEL) A LS WEORKRTRE L, BAR, M1 7ARICHT
wvh HEEREEE S D 1 LT, AEOBE, THEUE, XREEETIE) Lic, BEERORE
ﬁmOmf,%@ﬁﬁ@rﬁﬁﬁﬁﬁ%ﬂﬁbto&m%MmNﬂvy%u—vavbaV&—%ﬁ
Wiz, | '

(3) ERERRUER

ngsz.%ﬂ&@%ﬁmwﬁﬁérﬁﬁﬁﬁﬁ&Xﬁﬁ%mﬁﬁéﬁio$EK$DT.r

.__6-
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REEAMIBER S & 7 HPICB Y AEAEBICEBILLTH 5, BEBETO r BHEIIUO,
Ry POREBBICHHILTOEEEBEZ B EMHRE 0, O 7 BRESHRIBREEOMAE I
BOARBNMAERDLTVIELEALS, AZRIZEVTELOEH LD BE L mBEEBEoTLicE
JHREEBR 258 cal g U0 ThH T, BT, BER Y » 7BOTFTEZERMDSE O, Thom
KR & o VBB BOTRREY 7 YRy EBER LAY, 10%BESLVy PAFy 7D L &
FHROIHDICRBBIIBHITHEML TR M5, 4k, U0, <Ly BRI Tt r S
BETLTOED, ThidLy =Ly MERSTHMAE U btk b, T, HESOR
BT THr MBESBIRICEFL TV L8R5, XEFELIEKLTABE, ZOHST U

Ly MERICKEH BHBEUTKY, COBBICLE LB 5,

PEDr MEEORERBICESVT, RBENMONRE (B) SaRHi, BESGE, Biok
~forRic I BIEBLECEBIC L 2P T RSHOHRE, LRSRMEHEOBEI 2 5 7 Il D
Ty FHMR, DZOOEBEZFHFLEDLEEION, O, (1DEENBVES BEHZs 57
il AR CE4) SNDEESABRVES, (RER 5 5 7R 0Z4II>0 TEYR G A RS
fro ITICHRETRS .

part A ; y= 1.0 —6.113 x 107'x
part B ; y= 0.002 { ix|—47.5)"% + 1029
part C ; y= 0.011 (ix|—475)"" +0.071
zZT,
yi TR (BRSO EESEICEBE L BE)
X5 BER Y 7L, SOES (mm)

ERUIHREOFET 2L, BBRY o 7 PR (RRY 5 vy ~<Ly FEEKRL) TR, REE8
ERLEicH LT120THD, X, HEETOWEB TR 103 TH 5. CROOMEIE, BEHEORLER
LT, RMBHEL 52, 8cal /U0, DBV EARDLTVE, $1bb, MEHRRZME
266 cal /g UQ., DERBOTHIBLT VB,

B, BMEHRORIER, &SLRABLEFECREZ S » 78 P (RE9 5 v<Ly FEERO T
B, 2L DR 10mm EATE L TWS, Thid, AMCE T 2RBOBE5 S 0 g TEE
TREEDEEIRAIGELLZbOLELLNS, 4%, BILBONEEICLY, ChLOMI>N
THE %5 5 LEH & B,
2.1.2.2  WiRERETEERBREEEAR CRNERK, B B, 2oBm)

) & = '

%ﬁﬂﬁﬁmﬁﬁmxwfﬁﬁmuofmwb%ﬁ@ﬁﬁzﬁfmﬁéﬁitﬁﬁﬁ%ﬁﬁﬁﬁﬁ
BRMEELARA VTR 2 — v 7ZBAFIIIC 2 BfTS - -, (Test No 207 —11 TITHEE 162
cal /gUQ;, Test No.207—12 Ti3FEEE 258 cal /g U0, )

EOYY)—X0—RELT, SHRESRE 230 cal /g U0, DEHETTEER (Test N207—13)
RO, SRAERERESIC OV TEEANZRIMEHEFREE - O NERT 21T - -,

(2) EBEMH

A THER L-HBRHEEE, 10 ¥BREERARBEBL B O THEZhFNIEDO <L 4»
FERKRTT Yy (BREEITIZ CBERA LDV,

SNNZRBHIZERL, FI Y2 Y MEOMEBIR, ARER Test No207 — 13 [24EHE R SLEA kL RS

_7*
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ER Test No 200—4 , Test No200—4B &fERkE Lz,
WEEEHEERNEROREBEMN OIS IAES Fig.2. 1.3 IKRT,
(3) EBRBERRUEH
. Table 2. 1.2 KEHBEERARSEE, 71 vFRERVERRBEHREOSRERYT, /10, BX
iz AEHE T SRERIR L R T2 ER Test No.200 —4 , Test No200 —4 B OWEEBXREESREFREBE I,
mEBicx L THBERORSER S EEDHARREBERER LB L TURLOHFig.2 1
4Thb,
BEEREEE ML T, ’fﬁs)t No 207 —11 (BE# & 162 cal /g~ UO,), Test No207 12 (3

(A
B 258 cal /g U0, ) ERIREIC, SEIOHEERFER Test No.207 —13 (REE 222cal /g U0} 2
"c" , TR RSt R B & R R S EAMEL E ORI IEB LB SR IT N T Eddb o T,
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Table 2.1.1

ratio in high energy deposition tests

Reproducibility of mechanical energy conversion

Items Test No. 111-19 111-31 | 111-30%
Total energy deposition (cal/gUOz) 526 527 522
Energy deposition at failure (cal/gUOz) 360 369 416
Energy deposition at max.
velocity of float (cal/gUOZ) 471 468 463
Maximum float veleccity ( m/s ) 27 27 19
Water pressure at the capsule

bot tom ( MPa ) 2.0 1.5 4.5
Cover gas pressure { MPa ) — 0.9 0.7
Energy conversion ratio C Z ) 0.55 0.47 0.36

* without end flux peak

Table 2.1.2 Maximum cladding surface temperature, quenching
temperature and film boiling duration
200-41) 200-481) 207-13%
Energy
Deposition 233 232 222
(Cal/g-U05)

T/C Max. Clad. Max. Clad. Max. Clad. Quenching |Film Boiling
Positi 2) Surface Temp. Surface Temp.| Surface Temp.|Temperature|Duration
ositions an °c °C °C sec
#1 1625 1385 1410 920 4.8
#2 1505 1395 1360 840 5.6
#3 1415 1290 850 6.4
#4 1345 1325 1480 540 4.2
{5 1345 1400 930 4.9

{6 1340
#7 120

* present experiment
1) JAERI-M 9755

2) T/C positions are shown in Fig. 2.1.3

— 9 —
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331,33
#3 #2 #1
- -

{Bottom)
m——
10% Test No.200-4
- b = .200-4B
#6 w45 — No
fF——*BZ.E—**#
' .#3 *#2 ##1 ' ! #7
0.71 10% 9.7 Test No.207-13
71 A
»
Fuel Center
Fig.2.1.3 T/C positions
2000 Test No.207-12
) a
-]
S A
v 8
2 L
] L s a
a 1500 o 2 2
£ A
[ ggg 4 A
g “os
3 Test No.207-11 4
= f
93]
a0
: 8
ZS 1000 Test No.207-13
o o)
@
- o)
O o
g a
B f
X
3 A&
500 o} | |
100 200 300

Energy Deposition (cal/g-U0j)

Fig.2.1.4 Maximum Cladding Surface Temperatures
as a Function of Energy Deposition
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2.2 BERF/SA—IHE

2.2.1 INEMRER GEEd =, FIERE, BRAKR WK 8

(1) H i
SHER Lo BRE,

() BEMAFPHESEESTOTMELMS 2HOEB (Test No231—45) RUZ hicBd

LT, RBBEEZH 7 e oo L, KEUAAHHEBETREAL FTORREZA~NL D
D'EEE (Test No231-—-49)

(i) #E~<L v FEOHNEL ORHRUZTOBBEL L1 HDER (Test N 23147 %

LT _
iy #E 7L+ s ABER/NUBOEAIBHEB S/ DDEE (Test No 231 -48)

Thh, K4 1 EREH4EER L

BEELSEAERET 58S, KRBECTIENSH 510, BEEOK SAREBRFFOLeME
DS, S SEERHFTEED —2Th b, £ LT, —RiIZE O SHRILEE)EE B ICHUR
THEHELBBINTVWE, FLTEBEORAEZGTHATRREAEMNBESICELE L, EoHEE
BESNAEBDTHEZTHAHIEVIERIK BB LETEINT NS, T LTLOERDEHRE
FeB 4 B hOMEMEIEEE NSRR TiT-» TE . Blid, 1L2MPaMmHEMRE S H O RBRELT
W (Test No 231—44), #BETEAOEEAM L, BE LHABNLEHELER (ballooning )
AE BRI TRATLOASVERRST, - BB OHEECTHRLLLVIEBRELB TS
22T, SHEREOHEED SESABIVNS VL EHS > TO 2HEMER 3.0MPa OB ZH
T, EREANEESERREORABRERIT -7 (Test No 231—45), F/, AEHIHEELT
BEES 7 e VPLES ST 6L, #BERL y PRRBSALZEFRICAE-LL, KL -
TRENBHARESHES A2, COBAOHBER OABEHN, BEEMDLVER OHER
oA EHN E Lo FER (Test No 23149 ) FERE L1,

—F, RO NSRRIZBIAMEMEIERDL LOCA 2R E LEENEOERIZEVT, B
Ak X QD AR, M o7 (fagmented ) #¥ <Ly MBS ATICHANE LT, K&EQ
BOARSAOFE v » THEEDTLEIRESED SN TV S, T LT, TOEEL o b Ok
IS HOBREMA C &, TORORBROREERELTM T2 LTEETH5.2CT,
NSRR MEMREFEERICBNT, LVDT (Linear Variable Differential Transformer) ic &k ©
BERL .y PRy VESOBERELTY, LERFORHLAEN TV S, FIfIR, REUESA
AL 2 S DOBERICIEE SIBOEMT THER (Test Na 23146 270, MK <L v b DBNE
B 15 SRIDINICIRE LB - THA I LOEREETHS, LT, SHERBENKE
CENTHRETILMETOEE (Test N 231 —-47) 2ERK L7

WwiT, 7L LR NEREEL EH LA ER ST - o, —BRICBRERNED ERE TV
AEEE (HAZTR) OBKTH S, BENSRRTHEHL TO 2 EEREBICHRLTRHTIOZ 02
7V%A%%%ﬁ?%%ﬂ%ﬁ@%ﬁﬁﬂ@iﬁ%méﬂ(T%tmzm—m,—AZy—%)Eﬁ
TEASI L THELAEPE L o1, ZCTAER, FvFoaEEE 0% ERS LR
A HOT, NELSEERCBEERICRITT 7 LT 2 BOEB L {7 (Test No231—48),

(2) EBHE
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{1) FHEEREEE (Test No231—-45)

—RIC IR ERICEB 0T, AEWERNS 2 LBABHO 7 « VHRO D ZOHITOEE
DKL 12D, BEIAEDOE SARIMOBACHENTNEL LTS, Ty, EEOBE
BERACIERTR, BEAESARRETIZOHEFETORBRESAAEL L >TL %, 24T, K
ERICEBOTR, BEAEZE 3 cm OERMBREELBIVEL, £ 2R Fig 2. 2. 1 IKRT & Hic8Exy
2EFI0AMNUT, REUESAREUIAETOEEREHTIERL LS I Lz,

AREBTE, HCETHRRESAH (HRE) AFTOoORBEREMAOBERAELHNE L
oD T, WREK FHEI cm)DADHERDIEERE (FHE 135cem) AT LAECAR
DHESHEIZ B W TIHE LIS b DTHREV, ZTOMOMRIE LTid, BEERNE, ¥ 7 v HED
REAETT > o, FIEREEHEAIE 3.0MPa (BETKEHEDERE, LIFE L) F#EEiE 156 cal
grUQ, Th-t. FEMEMKOERTIE, BREEN 20 BBEECAT, WETEILLEVA
DERDFHTH S,

(il REUBBEEA L EEETR T TOBNBE 2 H~5HE (Test N 231—49)

BEANL P ORBORERARITAE—C L, KEUEEERIRBEELEE DT 50T,
WEEDLE A Tl 5 3em 6 Lic, BEITRICLD EFAAROEEICH S peaking
factor {2 10 B 5, ST Y 7w VEBEICH W] (0°—orientation , & &{EVFBEE
i) TH 7 NEERD SEOA] (180°—orientation, B bEHORABERD X3 2 FMBE 11
F 080 EEETE 5, T, L OFE LEED2EROFELRAR IO IBICEWES &
BLTHT0% icli b L REONL, BERMBIRITEET 225 cal /g-UO, TH - 248, ERRTiE,
300 cal /geUO: i Anfc b E b5, FINIMERI 12MPa  HERKBSEREERY
BEBANETEH S,

(i)~ ANELEEMRNERER (Test No 231—47)

BEHRPRE (B OATEOHBI LY » PR PENED 2158, HEROERTHE 5mm 2L E
Ry IREBELL-THED, LYVDT TRETHI RN TEZIBTH S, ZEBRTRIER
MO NSRR CERAESHTVS LVDTEZBHWTRASY v 7 EOBEMNHMESFTF-70 ELLVDT
DRE PRI KM ER o, Ly b EgER T FiEgESL .y FE AR, LVDT
DIRE FRVIENE Hic Uiz, BEEME, FHME 1.2¢ MPa, 88 21d4cal g U0, TEH Y,
WRDERDP LT H5EMEBEIRIIBNTHERTAIENTES, HELL TR, LVDT DS
BEHWE, 77 evHE, HBERGEREORIEETT -7

Vi 7" v A EREHRE/MARIER (Test Na 231—48)

AERICHER LBEEE, IR vy afflicB 0 THEBERAEAN, R 7Y v 7/ 42E<C L, EHic
A7) Y TONBRICGFTEBRLERET S LIk - T, EHT L &6 % ARSI D2 45
e PS5 1 em® ITEDIEC LT3, £, FRFL > 4Bk LTOEN Y YEE TS 7
SEICHRAZLAD I EZFILE-T, 935 em® 5 2cm® WD S B, BEREHTE p » 75
bEANLE TV F ABBERERBEONERCE > TV 5, ABEHELYHE 1.1 MPaiciT L, %
B 201 cal /g-UO, TG L7z, BEEE LT, BEEATE, #BEERNEEONEST- 2.
(3) EBHERRUEE

() FFMEEAIEES (Test No 231—45)

B EMEOAR L Fig 22 2 KTRd. MERONE LD, BEEEISEA~45 % B 5ATH
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FERRES Lo, BRI L, T/C #4 & #8OHIE T, #AMmM#BE 25 » 7l &k D L] 5mm,
30° (Fig.2. 2.1 BB) Thoti. BERMEDHEAE Table2.2.1i0R 9, AFREESHIC20T
AlLD s, BEIRBRCEVLTEILHENED SR, T/C#6 2RTERSEE LR R
Ef,%ﬁaW%um WO, +10mmOEEME T, 890~ 900°CTH - 7. RIEID Test No.
231 —44 X BOTR, SEREIGETIEON 06 B, AFRNEEZEERTL 10CEETH
SR L, ARRTEEFBRRENT0~100 COREESE L, TRREASL, by

EOROCEB LD EELZLONED, BENSLHLE, BBEEREREETLDOTR Y » &K
BEBOF v v 7 BEHETAHEE FERDAEHY, BEROCESFEILESEEZRLILLEE
hihd, BSEEIERL, REERE &R MifcA207T, ERERBECRTIIREN
O, FhictEs TAFRBEEZESREHEL. e, BRI TRERREIRE(EL0T,
EEEETEEOBEHRORIAEICAD, BHBORERIEL, 72 rF (BB 750K
B BD, REROERGHINTIIE L,

FEBRTIE, WL @HELREEOLAR) EETOEESBENRLLTHEDT,
Z oA B EOMIE L0 10mm TR E 180K BE TOREESEMRA L TEAL L, AT
@ (Test No 231 —44) OEELHFE LT OERFEIHE 5,

WEEEARRESNL, BE TROBETEALV y FHRLLTOEHSE 50 ~ 100 COEIR
LOREIZL->TREALE) SEL SN, BEHERICIREALEN TN, Thid, HEEOR
EERAC L - TEE FESIZ S, BERNCHE—-LBEENHRICBITT 0 EEASND, BB
ERREREIGET AHIRRHBRNEASEL LR LD IBAEL R LTOEEELSEZLT,
RENERERESREIEE, SBED, ALTERLERT S, -7 GeEEEERIEIAA
PIREERAECHY, BRED ®AE LA IHTHRERBINCE W TREERDPRIAE (Y
B, ZETF-HEBEEATER,»S VA EE, FRERCBVLT, LU bMBEES
LOCAAMBEL L QLD EMIGENEATS, AELVEREAEUZEN BLEESEER)
TRAT L SEFREEENS AL REOROIETHS, T LTERBETRIS»ZBERLELT
REBELABATBLTVS, -7, FERIREFZEOAMEEOMBEL L T2t LHET
NETHHENZL D,

LinL, KO TET2FEAREREEOEUAEHELTE, e —YrhoADEARES -
pEERT SH&E) 2 0ELHE (texture) KEELTHY, CRTRENES R LTI
o (FREELHRIICHED) HoREHEAFREEZ IBEEOHP YICGERICLTVS6DT
%5, NSRR £BTH, HEERMNEER«+ 0 AHEEHTH 20T, KERELT LK -
WMOTEORESBEERDZEDTRE L, 5%, WEIPOEREIT» TEHHEZHOHICL TS
FETH 5,

(1) KEUHBERHORENR FTOBNEHERE~NLER (Test No 231—-49)

AEREZ, (TR HEEENEERER, S, AAAREEZIRGERECEVTREALEF
FELHOWC EDB LML 70T, BEENELZ 72 rhle o3 oL T, KEUFARER
£420, TOHOEEEHEBENLLEAANELALBDTHS, L L, HARBEBLZEC(R
BoTEiiy, SORARMADTEAMBERS N0D - oo BRI v ABEHE 0.05sec
DIRICINEEL Lo, 20RBENTEIC ERL, BROICESI DAL TLE o7, AE2S
NS 5 &, BAAREEREEZ~ 300cal /g U0, TH B, MEIRE L v 2 B 40msec IR
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W~ 06MPa (50%) IHL, ~200msec BPSEBRLAKCHDL, ~6sec TREEETH -7
BMUEENETEED N -/, CHERBEARREICBERL 2 v .y FEEBEICTE2ICH
FELTOADOHEBEDHLRI-OT, #HEBEWHEHOBICEN 48 (BETH 7 v L0\ Hod
EAORTHHER INHTHELEELOND, T -T, HEEHEOFL B EKITTRkD N
Winsfcdd, REHARCHEEOZZED SN, BABH L2 T 1550 CHExLHRLTHEL .
DT, HoE PHRMNEERE A EBHREL - 1oh, BEOT ESDEFCEOTOIH (B
HAAD £180° f (B HAD ThHELIES, 180° BoAHE NS SN THAHERELTS -
too Fo, BOABIEOVWTHUO Ry MPHBETOBMOLLHRT SUh -7,

(i) ~<v v FANESEMAIEER (Test No231—47)

FEROFZR, BEBERKEESCAT GAESAR~100%) RAEER L, BEEROBEA
BlaFig.2. 2 31CRT, 25 » 7 RS IE, BREBBEI <L » F OBBRC/HER 1.5mm
Ctedd, FOBBAICE/DPL 39%IZ—009mm, 159%IC—012mm %528 Lz, &~y .y
MM OSBEBHNELERET R s ROBBEBDREES Db -7, T, BHER
BB T, vy FRIERALL, BEBNTERCBEH L TV 3O8Kl s, -7, &K
EEROER, Ry MR OBAELREFHG TR, EBILD O OBE OB ML RO MK
BT THLEEHEETE S, AIMOKEIBOALZDPHER LIih > ER (Test No 231—46) £
REbMETEALSE, LVDTEZEULMRY, MEEIE COEESRBERIFICVy FORN
ELRBOWEHEATEE, L L, KL ->TEBHRNEDL, BEoSAHOFy » 7518H 3
LER+H0BEDT, EFCEWTHEKNNERENS EF[EICR Ly P DRANELRBZO®R
OWBEBEAHETELTUEELL ST ATHAEI, AER Y ) —XRAEOERE &> T—
BT LI EEZLT S,

iVl 7 v A RRERR/ MR JEER (Test No 23148
BT/ 3EOERKB VT, 7V afkBei30% #/DhLAERTENEHICBVLTEE
KENED ORI o2, FHlT- 50 MO L HBHETLREELENED ORIV ETA
B, WITBREHRENEOE MG - fo. EEBEETEEEIEECH L 15~ 25 % 120
FDOENLERTHI2OEHL, ERBO 7 L L EREE/MEEBETOEA LRI 10 % ThH -1,
ECHBTEE VI LG, FUAHEY, EURRBTHRESMSBIE LR OT, AER
TREE L7, HWRBESBHENOHRONSRR TR ohzERIPSREE, KER
DHEAES 1.25MPa, ZOEOKETEE 1,100 CREET 20 L EVAOERE s 5, 2
o, HEEORAE AR, ERMINTHL0HB TH -1, THRVIEMER 1.2 MPaTHRE
WL P - cEHOBEOELELD L,

w2 BB 25 REOBEINE R 0.55 MPa TE0 BIEADELD L TV3E, ZOBATIRERE 1+
BBATNBEDT, 7rvr a3 SicEnl s Eiciss, Lrl, BREOTERTE
HREFig 2. 2.4 Td, KRS S 7 L+ sEEOMMAREST 5 &8 0.63 cm® T HHHE X
TEHENGRW220%ThHD, FHAFDEREIZRKE(ENATHS, &, BHEOEEREIEBHAT
EBRRNEV, T, —HEOBEARETEEME—O R, FAe v @A T S
) HPOEOENOENTH 5. RACHENBHENTENOHENERDIIHLL, 2hildER L
Wino OB TX S, [HAEZBOALB O TEASEALOLEBREDEZARHTEY,
SEBIEMAZ TV FETH B,



JAERI-M 82-012

2.2.2 R7FvUAEHERERR FER=, MOEE, SRAKR, R 80

2.2.2.1  AF v LAMHEEHE (FBRED KR
1 #% =

SUS HBMEcHT 2EBO—BE LT, FEBREMEMREOHEES ZHALEREFEEL T
%tomﬁifmu,#mﬁﬂmFBRﬂ@ﬁﬁﬁtfﬁ@@%ﬁéﬁWnWEL%mﬁﬁ%B~M1
cal /g UO, OHEIFIK $5 T 2R L1z, b, FBREDFEMEMSE X, 293 cal g
UO L ToRMBESS A THWHEY S, 341 cal /g U0 LI ELORBMBEEA LTS, RBAEDE
REIC & BRI Uiz,

AElE, & SIEMERMRRIOEEL & EEZFRICo» 57cic, FBREBEGEMEBRENIE LT
2EIDEE (EBNL212—58 X1F212—59) £kl , WFhoBgicsd, EIEMEL FHEoh
R s Rk B (317 cal /g U0,) 25Z/:, TDHL, EEN0 21269 itE0WTE, THETIKIT
- P EEB S E (LR ORE (EEMAE045mm) FHOLH, BEGWEY T, #2TH -7 C
hickb, RRPOOEBRBREGELE, EMED FBR UMK OHE L & El1Z, 317~ 341cal”
g UQ, DEMICHZ T EMPShEL o1, Bk, EBNo 21258 LB TR, HEMARZOEE
EPFERBIHIE, THETORBOBEASIYAEY 0.l mmBEO#HEBEE (WEMAE 0.35mm ) =H
Wishs, oA, LERIL 317cal g U0, DREBEES IR, HESTIAMEEL, B
BEORLOEENED Ohl.

T, DlEoEBIMAT, S0, BEEETHNE%S 50kg, /o’ iTHI/E L7 FBR BN (K
BMAE 0.45mm) I LT, 292cal g+ U0, ORMBAE5 I 5 HBREEMH L 7-(EE8N212—57),
IR, HEECRS{DBHEUALOD, BHBIKRBESKL 27

(2) EBFE

BE BEKAES L RSED 72 vic, HEREE 1 A4%E L, NSRR DYV ARSI
PeU7ro SMAEMR L ERIE, 212-57~212-—-590 3 TH2H, BN 212-5TICEWVTH,
50 kg, /cm® T L7z FBR BMEHIXI L T, 292 cal /g UO: DRMBELE X7, /o, BN
212 —58 1k 212—59 Ik TId, FEMED FBR BUAKHCK LT, £AZN 317 cal g+ U0, D
wmBEBEAE 27, Table2 2.2iCi, {#H LHBEREOREERT,

(3) EBREERUKRH

Figs. 2.2.5 ~2. 2.7 icid, BEEOMEONBEEESRT, £/, Table2 2.3 IKid, HXBRT
DR&EN, ERETETREORKSHE, FEERIMBLEBOREE, RURBHROBRMEOSH %,
ZNETO FBR BMEHCH T 5 EBRER S TR

(3.1)  mHEAESEIKSLT

50 kg, /cm? IHIE L7z F BR BElic, 292cal /g UO, DREABREF A KN 212—57
OEEETE, HBEXREEEIRS 1250 CKEL, H#REISVARDLHITLNT, &R 20
FBOEHEEUTABE LA 00, FERBESHA Mo/, Uk, HEFOS(NE, Fig.2.2.5
KRGS E DI, BENIME THRERINE, TOMOFATREC UL -THSE, T,
BEWITHROBBEEEN, 7+ VHRRE-T, MIOBA LY bEL - TERLIBETH
D, RO H oA EBIEREBEOESGICORONTVWABHRTH 5,

SEOERICEL T, 50kgom® iICHE L/ FBR BBBIOBEL & 1 #id, 290 cal /U0,
AHABETH ST EHY S &I 10, > TRICBNBIENERD F BR ZMHOBPHEL &



JAERI-M 82-012

i (317 ~341cal g UQ, ) Ld#EiL, 50cal g U0, # FEBE LS, T, BHEEANL
% 50kgcn? & L#BE&®, FBRAUREHEE (N¥EE 280mm, AE 0.45mm) O HEG
FE 31 kg /mm® LSRR, Fig2 2.8 IKRETSUS304 DRE—-BBRHIOBFRIZH VT,
#1200 ~1300°C TOWMBPESITEWETHY, Fig.2.2.8 07— icBRIE, SHOERTS
AP HEARIE, b0kgom® WMAEL/FBR BBEOBEL & VEKEBDTEN D TH -1 &
HEIND, B8, SH%IEFZE oK, FBREBHONERUREAREZ T £ — 7 & LEEREITL,
SUS #HARE OBIgIC BT dMENEOREB LRI L TP FETH S,

(3.2) FFEMHERMBE OBE L FVE

CNETOEROBES LB, AE 045mm® SUSHEEAE T 5 FBR BMEC, 317 cal
A geUO, ORBAEEZEA /- EBRN 21250 DBETH, #BETRTREORSER, s (W
1400°C) 2 FEAS 1300 CTHY HEFHIBRICE S A~ o, Table2 2. 3CBHE L TRT LD
T, TNECTOERT FBREBESEIR LBE&OR/NDRERT 341 cal g+ U0, THHOT
(E¥iNe 21256 ), SEOEBRER L DE L L, FEMERFBR BRE ORIEL 2L, 317
cal geUO, %5 341 cal g+ UQ, ODWORBETHEIENFHLMEE -1,

Nk, INTTOWESLHLEAD, 035mmOBELEHTL8E, FERLE 317 cal /g
UO, ORMBEA 5 A TN 212 -58 DR TR, HEEEEISUS 0fm+2Ba (BERH
REE 1480°C) , Fig. 2.2.6 R Lk Hic, BB ILARL THE L/, £8No 21258180 T,
F—REABE5 A/ ER N 21253 AT, #BERENS { BB L ERI 20T,
WEMOBRESHEACN S h o L it& B0 EEAZ o) BfEst8 o — FAMWT, FBR
RBEIOBRERHEZBITT 5L & b0, HEVMAROEEOERNURILED TS

2.2.2.2 A7 VL AMEEEARBER

(1 & =

NSRR Tid bab U Bndip R LA, RGHIR#E AR & Uiz 2 7 v L A Mg E KRR
BlalBR 6T - T a7t AEROEBNEIR T v L AMEA KRREBE O —MN LB A INET L2 &
CHBN, @I vh oA WEREESOREICE > T, HEMESRESES I RITTES YL
THHBETLEHNTED, $o, SEFHMBERBEERRE D&KL D, BRBARORE A 37
SHHEET 5,

AIETIE, ST - 1o KEBREE S B O/ K8 Test N 212—10 20 Tid#id 5, ZAEER T, &
LT 7L (fragmentation )® L & b‘{IE&UfEWﬁFCHi‘)1&%&5‘\)»#%%@ LEWEARD S Z &
2ANE LI 6D TH B, FiliER L7 Test No. 2319 T3, 333 cal g+ UQ, DRBE T
Lol (fracture ) U—8fbiF L. Z LT, BEBHAEENZEC LD TRV, Eh
BT LR DT Ui, —F , RBUR 288 cal /g U, @ Test No212 — 3 T A% mishid v Uops
WHFLETBR T AV FORES UL I, T TSR, ZOPHORBBTOERST-,

(2) EBRHE

BEBOXETIREANEHA—SIURL ThH b, BRAERG, ETEHALOMSRICL D FHEE
AINTLAHERI 4.0 cal /g U0, /MW SERWTHKS, 304cal g U0, TH-7,

* IUAauAEBEEAVCAEROGSICS, HAMAROHERI LD, EEOHERSERSN TS,
“(JAERI —M 8758)
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SZEpI i, WS EHEE 6 A, KREEH, 17w vAEHThED , —HEBTERMERAE
HOBEMSERICE > THEBE LS Z OMIZERIC/EH L.

3) BRRUEZE
FROER, AREERUE 7 vEHO TR S LEBLOKEOESEIHS 0D, WES
DFHEIZMR, BT A NVEDRERI U h -1 b ERTED, TBHERBEEIRFig 2.2 0 1RY
E SRV O LSBT R ES A~ fr, BEEDRRSHZMEFRH IS IHR P
KEEPOHBELE-EDTH S,

PLEDER F HAEERO BIICK LT, —HHEE (LR OB T 5 L FREDL FOER 300~ 330
cal /ge UQ, DENIC 5 5 2 ED35) » foo LT, BT LIS hid BRI S B A v+ ORAER
K, TARYNMNA DA EEREHBERIFALTHACLDOELT, BRI ANVFREDA S =X
ARTETRALSBLEAREL TS, b, 27 Y L AMBERBEIC I BIEICHE D B - £
JE QI SIARIRE S SR OB X AR KERORECERL: O THS5LEZL 6N,

t+ AEROBEEOHHTRE LA, ZERICE N TRELSSM L, F#& 280cal /g U0 D -
EBRTEAN LS -7 0T, BRSO L S0 ER, 280 ~300cal g U0, DIt HHT &b
3 ote, CONHOL SO, FEEEL SWEELD 30 cal /g U0 LiEEL, ZhiE, Yudh
O A EEBBRE TEEELEVEEANOL X VESEYEALTHE I LEERBERECREL D £
OEEE LT, HHEREOHRESRILEOEVNZ L b0 EERALGNE, AL, Vo f WERK
T, FIHIETHE B I 5 oy DRES, ANLE—HMETHIIRBEEORMBIBTH 5. - T,
BBEES 5 9 FHELIE, ROBBROMFEAESICELS, D, FIFREL S VEL
U oMEICIHB R EAELNIEL, —F, 27 v L AEEBEE T, PIEBRABMASHEE D
BETHY, COBETERESICHRILLTHEL, W OBBIEEER - 0 LT0RvsiEtd,
SEESKBEANETHE, ThOA, AIFHEOLEVVELDIE, HIEEB(NLILERRK
HETE S,

2O, AERTHES A SEMEC EAUTIRRRS, Fig.2.29KRoh s L2, A#H
LU B LB EORMAFEMLN Ly MiTHBEL TV, 2, BERV .y P2 OES
WAL EE DN, KLHDTHR T LA > OR, RERILES T5212] OREZLT,
£ 5 OERBE SIS ETKOBEBEOBEMAG F 0 THAH D £, 300cal g U0, DRHABTS,
WKW EREREIC L » THERBEISERT 2 L&AV L ERERRIRL TS, $AERD
%W@%@ﬁ%‘]ﬁb‘ﬂi “candling” PELTVBED 53,5, * candling” A SPITHERICK
ZEDTHD. MADSEKRIVAOABEELELTHY, BEP I Aot oEFOME FAL,
EaEh: | RO, EELE) KETSCEOTREVWIEATRELTVD, BH L, AEROBGIE
BN IRAEEDTHES I, '

EEHNTEOHEE L TR, BIE LASRENPHETORMAERL, TORD S bOFWHELIY,
BRELZ 4 o 2 B TRE 1,570 CEIE L, BEACHERS% Fig. 2.2 10 7Y, GBE LR
BEICENT, BRBRICIIFELRTEED 77 + —HESPRICED SN, 077 F—K
WEEHSRET B, AR EcELN S, TOEREIENSRR EHRTIEIWT 1350 +10CT
b5, MCAEMBEFTLLCDO7 5+ —BEIEEORRLIVETH(LLOPBRTHSE. A7
v L ZBORSIZHEIC b £ B OSEEIR 1400 CLLET, BRETLEZFOLMBIRYD 1380°CTH 5,
ORI, BAAREEELOH, RENOEHES OB, £ERIETE &TRURS TS0,
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BRRICEH LR 7V LA ORDORMAY 350 CHOLTREATHE, L, EROFEEOR
SPLEATRHAEIRETRTVWERDLNS,

2,23 Foo THR 7 A -y EE GERER, FHREX, Bl

(1) #& £

HE TICTbh e F o o THR N5 A EBRD S, ¥y o THRARDORBIIBRNBIEL 2
WEMEORMB TSI OEETILVY, LDEVRABTIRESHO AL, BEERD
BNE/ YEEVRTNITVEHA LB TREEMORE FASMFI SN L LB -1, L
DLEDBS, TRODERBEDS L, ¥/ YHARHALLBHOKRRICEWT, GEEORSERDE
BTHhHR&PPOOTBODTRENRBNBHLIERF— s BB oh, F—yOHRESMEE L -
1o

SR LAERIE, F— 7 OEPBROREEURHE 170 cal /g UOfTiEDEFE ( Test
No235—1 & Test Ne 235 —16) ikt L, BIfiE & N7 — s OB RMEZBEST 2 & & bir, @EH
R S BHEOERY TV ERVTITORTVWEODT, ZOLEOHEBE SRANLCLAENEL
TiThi: Test No235—17D 1 ETH 5,

(2) HEHL

ERIE, HEROF ¢ 9y THR e 52— EREELL, 2F VL AFYMORTREA 7T A5 A,
FiR « RKEEEHOFKPTREBBRE 1 ZEBH Uic, ABRBREICIEERHOF v v 74 2% 0.1
. MPa®/VYHRACEHBRLILGDEFEH L, BRMBLELTETAI =06 A 7L 2HOTIT-
7z Test No 235—16 L DHEAER LTI &LBIFEL 177 cal /g UQ, 2#Klic5 2 /-,

(3) EBRERBIUER

Fig. 22 11 L5 EORBRTHR o #HEBEMEZRRERELZ NI TITONAEROBR L HEL
TR Lo ERVESEOEROER, MEPRILRF v L Z2H8A 72 vic L 0fTbhBIFRUR
BBOYE/, YHARUAN) Y LHABBOERER, BEP 7L I= 687w VEROTIT- 1
A URBMBOFEBHRTH S, HERVTHEBE Ry » VIO RICE I 2 ERAETIT - TH 555
fOEHROF—% I NERELVETH S, BB, BROLEFIC, BERORHER, RTAEHETH
1. BARICEREORBEE HE LI,
uﬁmﬁﬁﬁé,if,ﬁtziszmﬁﬂftwﬁﬁet%ﬁ?—ﬁmomfm,H/yﬁA
DFED T —FEEO—HRBFTHD, ~) v A HEOEACHNESRETH 2000COENSH 5
&, RETNV Iz LM TEANKRBRT— 7 LORBTR, ALY, YHABBOERTHSICH
PhhHod, BRIEBDODTARKEUBVBEL LB E, Thhn, RURAF VLA T2
TIT»TERT — 20 THERNRCBRENS 5 EAREE SN, Bl -7 itk
AEBEOIFICI LT RFTORBBRIN TV AL LB L, RE 1A T2V K ZHROD
EREHOBICIZ, MEHEECHHNEEIIIEVREL, » 7 e TEOHEND LR A(120mm
U 100mm) i TREMCEEVEEV, L - T, BEIREZ Sh 3 RBBOFMOEN
PRORELFREZLOND, 7405, BRORMBEER IFTFORIM N EREREE
UCHMmEIN 2, COERBHIN eV OBEILL - TREBZ0T, BT 7Ntk B8
ROHEAT S BAKEEREROBERESHRBOTMEL CHERMR SN TLES T EIE,
LM, Fig.2.2. 11 DEBREHDORITRENT VD L HIC Test N0.235—16 T At~
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ERICEMENAERIEENNE L, COoBEDCEILH#BBHEEL OhicE L TE, BN
AN TEECEL CNARARIIDIE{HE-TED, COLDOREBLERATEILNVLDOEERLL
N5, WVINLEROBRNBETH 5,

2.2.4 MWEESHARRAR (GHHE, 2 B

(1) ® %

AEEIZ (Test No 214—5), HRERIEBLUF » » 7R EBHBREOMBEZAL L EH
e L E2BTHS, BEFPAOKERERGIE TE--BEBEHEE (RAEERL s
Rl P ARALTRBRBREASIEL, 2EEORILEOHBET S LU 2 EEORD RV y F2H
W, 4 00&ERET S 4AOHRBBEASEL, 4XEE—A 7w VN TREEEBE L1,

(2) EBFHE

4 RDIRE (BEEHEF 4 o 7B 2AK, BIEF v » 78E 24) 2 Fig. 2.2.12 K7 ¢ L DT, HA
FupsE UL S AIBICRE L, SEMENCH 230 cal /g UO, DRBEBEES X SBHEZIT- 10
HEEl LT, MEEERICESY — OB LURE, M TRER ICREIIEE SR O 723 ORI
E AR it 03, BEERERZIBRIEEANELT, FH2IIRRIKNEL TEW /.

(3] EBHER

DS OBE SEHE LI o . HETOMASRABEERT, WIOhOBRBIZ OO THHNLIET
F ot BALEAEL T4 EMEMH - Fofodic, 230cal /g~ UOORMBTHEHBERBIALY
oty vy 7TROBVICE3EBHOMANBERERY, HETEROHELBE SN0
| BHEOBKEAEEES Fig 2.2 13 1ORT.
SREEOFMISEEEZTOHERT IS TFTETH 5.
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Table 2.2.2

Design characteristics of stainless steel

clad FBR type fuel rods employed in tests
212-57, 212-58 and 212-59,

U0z Pellet

Diameter (mm)

Length {mm)
Density (%ZT.D.)

Enrichment in 235U (%)

End Configuration

Cladding

Material
Qutside Diameter {(mm)

Wall Thickness {mm)

Fuel Element

Overall Length (mm)
Fuel Stack Length (mm)
Filler Gas

Initial Gas Pressure (MPa)

Test Number

212-57

5.41
10.0
95
10
Chamfered

SST 304
6.5
0.45

279
135
Helium

5.0

212-58

5.41
10.0
95
10
Chamfered

SST 316
6.3
0.35

216
101
Helium

0.1

212-59

5.41
10.0
45
10
Chamfered

SST 304
6.5
0.45

216
101
Helium

0.1

Note: The test fuel rod employed in Test 212-57 has the same

design characteristics as those employed in previous tests

(Tests 212-51 through 212-56) except for initial rod pressure.

_2 2_-
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a) overall view

RIRY

b} magnified view of burst split

Fig, 222 Test fuel! rod after irradiation in Test N231-45

a) overall view

b) magnified view of burst split

Fig 223 Test fuel rod after irradiation in Test N231-47
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{a)

TC Positions

Fig 225 Pressurized FBR type fuel rod subjected to 292
cal/g U0, in Test 212-57, showing
(a) eoverall view, (b) active region, and (c) lower
half of the active region.

(a)

Fig, 226 Unpressurized FBR type fuel rod subjected
to 317 cal/g-U0, in Test 212-58, showing
a) overall view and b)magnified view of the
broken portion.
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(b)

Fig, 227 . Unpressurized FBR type fuel rod subjected to 317
¢al g U0, in Test 212-59, showing (@) overall view,
b) active region, and (¢) another side of active region.

0 500 1000 (°Cc) 2
200 It s N g (ke /)

- %0
o r
-
-
o L <50
&
= ] 40
+J
% 507
= 30
4
0w
b ' 20
o
E 3
-
= 10
= !

Oty 0

0 1000 2600
Temperature (°F)
Fig.2.2.8 Temperature Dependence of Ultimate Strengths
of Zircaloy and Stainless Steel (from GEMP-

482)
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() overall view

(b) magnified view

: Fig., 229 Test fuel after irradiation in Test N212-10



JAERI-M 82-012

1500/

---~——————Maximum Temperature
N < Estimated Melting Temperature

1000

560

Cladding surface temperature (°C)

0 | i 1 1 | 1 1 1 1 I

Time (sec)

Fig.2.2.10 An example of transient cladding surface temperature
in Test No,231-10

. - |Energy Deposi—| Reactor Power ; Reackivity Iny ) |-
Gap Ga.s ti;(il/g}al?z)lz) :;[V\?- S)D*l cortion *2 Test Number |Test Capsule
He 165 37.7 2,12 111-14 [5CS-Capsulo
. 177 40.5 2.35 235-17 "
_ Xe 165 37.7 2.20 235-1 "
s 176 40.0 | 2.08 235-16 | Al-Capsule
S 1500:_ #]1 Average of the measured value of y chamber #1 and #2
o - #2 Evaluated from transient rod position
m 2 ’_“\ .
L 3 o Sl
=] { 4 Riuial TN
iu] _ y S N
21000~ T _eeeom, el i
Y - ~ e
n“ - ‘\
g - .
U s
= i \
b0 r N % !
5 500 f \ Xe,176cal/g P A8, Xe,177cal/g EHe,l650al/g
3 Tl | (235-16) i165cal/gl  (235-17) | (111-14)
4 AR P (235-1) ,
© AT TP fpmd™ wem
0 | ) | | i | ] t | I
0 1 2 3 4 5 6 7 8 g 10

Time (s)

Fig.2.2.11 Comparison of cladding surface temperature histories at
the energy deposition of about 170 cal/g-U0p
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Arrangement for Test No. 214-5

Fuel #4

#3, #4

T/C #1

Fuel #3, #4

I BEE .

- " o ‘__%igain Strain gauge
gauge
location
Fuel #1
Fuel #2 Section A-A
Fuel Internal ,; ;
Pressure 1 : N
Sensor #1 #2
/ N
I |
Test Fuel Type
Fuel No. Gap Width Amount of Oxidation
#1 STD 0.53 mg/cm2
#2 STD 3.16
#3 Narrow 0.58
#4 Narrow 2.97

Fig.2.2,12 Test arrangement
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2.3 APEENSIA—SER BERRE, FREX. AlllfE)

2.3.1 @A

(1) #% £

BEGRMEE L TR BER BRI REE 5 2 — 4 & L EBE 4 EiT -7, FETHEDE
BERNBZERBEEETLTOEY, 58iT-7 Test No240—12 R h I TOEEOREL, B
BERQREMDEA FRBEBE1-HDEDTH S, Hidid 1.8m s, BHEITH 280 cal /gUO,
5 AT, Test No 240 —20 i3/ EIM K 1.8 m/s THRKE (420 cal gU0,) 254 T, #E
OHETHREBAZEZRE L L 2 OBHMBEH 2L LEZBMELESBE L bitva 5y FE
THWl LIcie DB ERL 77 BB ol ofz, Test Na 240—14 iTARTE # /S EE &
KT EBOERELE T LD IT - bDTH B, KV—FERIE, 3~6m sOFET, 10
ata DENED B TITONEDT, AEBRREBEBLHR LT 3.2m s OFLET 250 R 280 cal 4
UO. ORMB THRE LIS £ 1T - 20 AERICED Y25 LENOHBERS CENTE S, BED
Test No 241 —46 IHEE & SITHHMY 77 —VEOEBARANB 2 DDERTH 5, 58811 260
cal /gUO, 25 2, Hidid 18m s &L, B Z 80 CETMA LA, THIZFEIDIER (Test
No 241—4) THERNCEBRER Y 7OlELELLOT, 20HERTHS,

(2) EEHtE .

IGHIRMA NG A =9 E LEB Y ) -2, BARIKIRO & S 1058 L340 SBE SN T 5,
L RRIES T vRICER S | ROBEC Y (10 ) B 16mmARD I A o Sk -
Fo i o, NUCERE Y REOH 1.8m s ORETHRHIEIN S, sHAIIBAETIc L 24
MM IR, BEREERERE, V57 Fr R0 BRBHIC L ABEAMRE, RUFEHEYHick
EAT e VNEEELTIThH 5,

SHECERT, PEoREERE (Test No 240—-20) iMA T, # 7w VHNOLEHMERE LH X
HEIHDICE—FAHEAI DD (Test N0 241 —4b) , BV 2K FEBRIEDOLD Va5 Y FEO
RN7 774 27 HRBHERF~—VERIEEHABA LD (Test No 240—12) , RT3 m
s DRBEEBRLILHDR Y72 2E5MFLIbD (Test No241—14) Th b, fiil& LT Test No 241
—4 b O AEM% Fig. 2.3. 1 itR”Rd,

3} ERHERARUEE

SHO4MOEREZEZNEFND LT OE- BN TERBINW TV DT, DFBilicERL 28
R, BBIEAR L) RELTOEES T DB,

(i) Test No 240—20
MR OB Fig.2.3. 2 KR T . MBHIAR L TR L, Y = 7 7 F SR DT70%

Thl-> THEL, PRESIREL. CO1DOHRBHAEODRRAE TE b -1, BEXT

HRDEITHB. BEHL AV RERICEIEL, ADRBIT S —03m/ s OERETHIEL:, C

NERBEAOBEAM B L TIEEH L 2D TH S, TRBIADDKREMIBES L2 BERICKH

200CECTEAL TV B LD OMBBRFPAE LI SO EEL SN 5, MEDLH TIREEE

REOHBHPFRLIOL 0L2HOBNTRMED Y 2 5 v FRERENIEIEL TV 5, BE

BOBBOER T HE, Y a7 v FIZBKERFE ONBEICES Ak 2L~ THEE L & #Hlxh

B
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AT VHOKBIEES 1.5m/ s DEECEL, # 7 VIEHOESIEHIK 4 atg Zitsk L.

(il Test No 240—12

AEBRRRBEY =57 FROK A FEBEFH~D5HIC 280cal /gUO, OREEEZSATUTP
oo Fig.2.3. 3 IKBEEE 2T, Halifiiy a7 v FOBADTORETH S, (bIdifH
a5y FHADICET AL ARMEES, 03RO TORAMEBEREZRT, (dHH
BRI FAOBRBHICLIMBEERRRETH S,

Fig 2.3.3la0 2 79 FALNCEF 2REEEE, ChE COERBRLBERLIT, BEE
EREFA RS AART 15m/s 20O L, 3RIRETYREM 1.8m/s iICHEH (o T
EIEEYIICH 22 m s £ CHEIIL, 3MEET 1.6m/s TEE &AL, AOTORDLHOT
DEASHTBROMES . £ NICE Y RBIEROBAIL L D RENOBEMS LTRSS 1
BEbhTELEELON S, BEAMRE I BDTEEEHRICETL, 15 DEZOHMENTEER
i3 0.65ICE/DE B, 1HME 20RO o4 —IKEUGIC X BKE N R DERS F 4 FRLE
ERELBEL TS, AXEBROL A M —TIRHAKEHNZAFERIIFE00Nce TH 5 LR NT
VB, COBE5HI8HICETAEREORLTHEEHAlSNE, 2BLUREBKETNRRESET
L, DEMEBEODREOLICED, EEHORTIE4WT06 2 TRDL, 158 TOTEITH
FECEEL TWE, ZoRPOBRI VL TEBRHTTH S,

BHMEE AR L DR O—FlOATELLY, SREAERTEA FEGELERTILE
BEHb,

FEE B OMENI BB DR T 4 cmESIKhi - THHEIEC LSRN HPEEBREN, 4
BRAFLSETHALL, —HicB RO ESR o,
iy Test No.240—14

AEBIIGZOTEHENOEEATRL BT, kv—7EREHUBETELIE F3ms) T,
250% 0 280 cal /gU0, DRBBASZ TERBHREZIT-/1.2TH 5,

%1@wﬁ%?@ﬁﬁﬁiﬁﬁﬁ®ﬁﬁ$ﬁ®ﬁﬁ%ﬁgz&4M%To%Hﬁwﬁfﬁ—wﬁ
BASEESE v~ 7ERTEEEL (20°0)TH 5, ARP 555 £ 5 EENIC ISR
BEHN TS, BBROENFEVEECR, -8 Ls T v F RO TR R
BE NS, RAFLEOESIC 3% 2 DEBKSUEL THEL, 2 v FRETL S, THETER
@d%@ﬁﬁﬁﬁwfﬁﬁ1thw%%ﬂ%Bntc%2@@@%%&@%ﬂ@&kﬁﬁ%ﬁ?
HE L EFRERIC LANEIE 2 5y 2 B L AT E Ul SHRE, BnLENOERICD
OWTEHTEAED I TETDH S,

fiv) Test No 241 —4b

ASERIIFEE 260 cal /gUO, THUE L.8m/s , BAMIRE 80°C (v 77 —AE 20°C) D&
= Tiriitic,

HTh —VEOEEL RS, Fig 2.3 5 KEEOER (Test No 240—4) L HE LHE
SREEMETRT. B 7/ —VEOHBTHNIKELZ L, BRRBHEEBEIRLST
L RUBBERESEENENLCETH B, ERICR L2 DOERTIEK 60°C OB HIME
TENSH S, HBERSEETH 200°C, EHRUEERETH 6 ROERIHLN TV 5,

) MENEBLUY T —LEORBILETLIEER

Fig.2.3. 6 ICRLADE, ChETRITbNBEMARSY 70 —VERTESNEEER
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BREDOSHETH D, HRLL, BREROEACE, HEOHENLHBEERSESOBED LB
CHIELT WA END B, $-E—ME (1.8m/45) TRAHMEBESS(LLE, HEERY
HEE, BBEKT (1.0ms, 20°C) o#~7& (18m/s, 80°C) DZhAHELTA
A&, BIEICOWTELLOWHBEERESSOLRB LTIV, COEIRDIOTIE, SHEH
G A — BT LD ZOEEBEZHSHILL TV FETH S,

Fig.2. 3.7 (3JEMEMGRA (Film Boiling Duration) 2#5&L®7cb DTH S, Hid, HAX
REGTITON R EEEROESICIE, FBD ORRBEEIZH S LT b - o8, MODEL
THESITI L OREESELN TN S, Bb, ERICEVTHETHRE L Om. s DE&IKIZFBDOA ~
FIRIRFEHIC I B35, FOES 1.8 m 51075 FBD HESABOMMEMKICIEE, ZThH 22D
H—TERBE 220 cal gUO, DEFTRDLEILITHS, BRAWMMEECESICHHESHTE
o7 FBD ORABHGHEN, MEOHME L IR AKEELLLLITHS, FBDIZRY
WA oA =KL BREHZAORELED THEFCHEELEFHSHEEL T a8, CORR
DEER LS > TR, '

2.3.2 v FUBRER (BEEER, FHRESE, Q)i

(1) & =

AL, ANV EBRTO RN HER Test No 312—41 4% 1 OIEHL-. CATTEREL
TxBRAMREH T TO Y FUUBMBERRICH L, Th & gL THREReESES OB TR~
Blsh, BEREFU S PR, §70h5 , dulit 20 ZBMEME, BZic 10 % Bk 4 £%
PWREyF (14mm) KEE L/ bO%E 34 mmABAD TN I =FL8F » /30Ky 7 ZATRD I
B CRAIT -7, BEKOBEIREREIF + YA Ky 72 THREBER V72 = b ZBUTT T
L, ZOFEICLORER, KAEEET CREE TORBRHE 1.0m, s 2EHTE /1, SET-HE
i, BlLEOBAREZEH THREEE L EWEISORABEDPLARIKEZ - DTHS,

(2) EBh

Fig.2.3. 8 i i 7" i I U 7o BRBRHREL Y 2 M v KURTEROELE 2773 7 72 AP DI EIK
BEATRLIEEIRF v+ V3 0F o 2 2DMAET L, 572 VERSS, NEOBEREL Y7485
HONAEREI-y FTERIBMELTF +» vaLFy 7 ARKEON S, BRHERE, BB21= b
&D(mﬂNyFwAD)%mmﬁﬁtFavf?4z7ﬁ@m§ﬂ?ﬁMLtoR,mﬁﬁiﬁﬁ
ERIEDLYS, KR LHORPUBBIZ 2O TRERBTTRELU 33mm FHTEH 34, BE#E I
DOTHEIE AR 1 Sic CABRENERER £y MEBEL, /2, KRAERIC, Fv i f
v 2 AAD, fRBIOBIT ¥y —2BICAREBXAZ AT

KL, BB, KGEOTHEENETTF v v 2Ry 7 ANOBEMBEEDS L0m/ seEHd L3
R THEELEZRE LR, AR BHEHETO, duLBEC 226 cal /g« U0, , AR#E I
240 cal g UQ, ODRBBAEZ 2,

(3) EBHRBLUER

Fig.2.3.9 1 Test No 312—41 TEHAIS N HBEERERE S L UKRAMAD, HOBE D 0~10
DHEOEMERT, £/, LEOY, BAMNREGEOT TR Y FBKTIREE CRAEL S
ZFHBED Test No 312—4 OER% Fig.2 3. 10 KR T,

39, Fig.2. 3. 10 OBRHMBEEB R Y FLLEORENI AR IET 2EHE S L TL
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ha, TbE, BHMFERR—FTH20THALNBEZR NV FL2KOFHBREIC
HELTED, ABREOE, S FHBMKED 1~ 2 B%T 4.0 X 10° kcal /' hr, 5~6 &
T 9.3 x 10°kcal /m* hr LHEETE3, ¥/, MEHELS THRICHI COHTRED LFHIIHK
BEEELOMEI DB LSiC s 2 v FRBHEATORRROIBIIHIEL TS, COT7L Y
FERMEH 3 BB AEE LTV EMS, BEHRESHTTL/ T v FORTREBNRIETH L L
EbipoTi,

i, HBREREOHAITRIMTI 5 AOBRBHO S b, 3AVEFERICET SANCHR LT
LEw, BimE Ui hRE U 3 72 2 RO AH RIFUERES Lz, COREICERD D, #5
DHEEORTRIBEER(BESNAEESHLIRAD , ET-LBREUV LR LVADRICES
BEICELTVA, ZHIRMAER Fig.2.3. 10 R LEBAMKEGETTLERATEYD, ~Y/F
MARE DB EEIREREIC T L B O EE EEXSICHBE T ARENURE L WA b, COREE
%, B UEARAMET 33mm FHROBMEN #2 ORRE BT 5 - BLoFHH 180° FhiBLl
STHED, ThbD, FRTHRE LEARAR L3 HAN—EI FRIDESERET 575, kR
KA T RIS LI » TEIEREET 5 &0 B S EAEE OELARE SN TERRE .

F#, BWBEEBICOVTDFIE. 2.3.9& Fig. 2.3. 10 D@, 522k Hic, BEEEERER
WA BB EEERN I 2 3R DEN SV, BEHREEC L ZHESRCRSREIGEL L ROS
HESIC R EDN B Ebbd 1, LRLSHEESEHOMEIMRERERHICOEBLIFig.
3.2, 111C Test No 312—4 & 312—41 O BEZOBEBABEBE LR, 0L D ICARNRENF
C  FTRROREIO AR U SREICE LT, B 1.0 mss QRGNS T TIRBRERICEE
OF, RESTHRELSHIEL F VA RSS2 HEICEET 2 C LAY FAVRBEERRT ORERE S
Nnb,
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Fig.2.3.1 Measuring instruments for Test N 24146
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Fig 232 Post test photographs of Test No240-20
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Fig.2.3.4 The effect of coolant pressure on the transient behavior
of cladding temperature at the same subcooling.
( Compari son between standard fuel test 240—14 and loop
test 2111—6)
Coolant Coolant Energy
Test N Velocity | Temperature | Deposition
241—4b| L8 m. s 80 °C 260 cal/gU0;
240—4 1.8 m./s 20 °C 260 cal7glUQ»
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Fig.2.35 The effect of coolant temperature on the transient

behavior of cladding surface temperature
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— center rod

a, Test No312-41, 2257240 cal”gU0Q, deposited to
center outer rods under eoolant flow of 1.0m~ s

« center rod

b. Test No312-4, 2147228 cal- gU0Q, deposited to
center outer rods under natural convection cooling

Fig 2311 Comparison of post-test appearance of fuel rods
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2.4 REERHEER

2.4.1 RKEREIESR (KGR, BBl Bk B
SN L ERIT %ﬂﬁﬁ#ﬁ?yfa&Eﬁ%ﬁﬁ&@%A%mb@mﬁamﬁﬁ%%ﬁf
5T EAFAMELLER UT, BEEIERLET) 230, Fro 7THTORBAEREL BN
ELRER QT F¥vo 7EFRAEERETT) MM, BERS » 7 K% 270 mm & RERERAN
B2 5 L-ERRBRBEELHEY, 25 5/ REBKBHBESHOMEERAS L EHNE
L8 (LT, EREREGLT) HIEITH L,
(1) iRiuHEEFER o
(i) HERBH
INE TOEDOIRRITHNT, WﬂWFQ@EﬁbWHMEMMC@%@mK%FL m,
F N EREHCKENK AR EPLHET B ETT L E0H oto ?Qh% HORDEE PIER D K3
ﬁﬁtk%@&%i%ﬂ%hﬁ@@%&bfu,ﬁ%%ﬂ&&ﬂ&ﬁﬁ?ﬁf&&@%é%(*f
ﬁg;%oay%miév—W)&UT&?&&WE%&@%%&(Azﬂﬁﬂw$ym;5w—
Ay O2EFLAEL NV, SEIL, MFEEZEEEEL L THEED> S oKERER L LBR
DRBIREB LAY, BROFFECLIZERFBRIMKTLILEICL-T, ZNETOT Y 7IR
fHEpitd2 LA HNE LTEB LI
(i) KGR
3[EIDER (Test No 40239, 40, 41) OEBREH % Table 2.4. 1 iICRTH, WTNOES
LERBREEEO TSR IR NETRE T Y 74 2B T v - aEic X DI DT,
COFICE SN BEEC, Test No 4024113 Test No 402—39 DBEERTH 5,
(i) FHRRUEE
Fig.2.4.1iCR$ BT, Test No 40241 OEERTIZ, MEALE OB TG EIK 4O HE
@7K?ff:'r&%‘rﬂ§'§'5ﬁ§ﬁ> I Bz, Test No 402—40 DEE TS, Fig 2. 4. 2ICRTHIT, &
K 2 SLDHELH FHEF TRV, BERESBICRONARITKRESRE LI 6D LEDLA
%, —7J, Test No 402—39 TH, MHENEOAERILBAERHZEL T/ A AL RNTH-T
L, BEK A REtOER &, BMEFECEICE, TE0RELAD ONEl T, T/, THEN
ETORBBICHE LTS, KRMIH -7 & BZ 503 Test No 40240, A1DBHER TR E 4
159 cal /g*UQ,, 168 cal, g+UQ, LHEHAY — 2 OEVIESDIMARKRE & EIEE DR
BTHELTOADIN LT, KiEMOE U715 -7 Test No 402 —39 DEERTI3102cal /g UG
LT E— s DEBEALEY—H L t, TRbE, COERTERIBHIE e —7 o+
BTEIEL, BB TOF +» » 7THEVGECLOTH A, TOD, THRIVF LHIETRFELET
K- TKmEOREL UL EZEA LN S,
—7, KiEESE CRERTR, EUDHREREKREG (Test No402—40) TH-THHAR
KOS EEHURABRTHE LADCTHA ). TORBERIT V79 LR LOBETTH

*  Test No402--36 , 40 OFEBTORBEHEOBEN L, HETHAW L TV AEMD THL, BERTLY
o FVENSR ORI, L LM, 37 vEARREHRKANODESD S, BESTOSNIHETD
WEHBNHZRZRE LS - EPRETXLOT, BEBRTOEEMAIOREEHIEENF—9 THS
&*U%Lf:c
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0, SHEBLAETHEESHE,
(2) F»o VEREXR

H)%%Eﬂkm

AERIZAHP SO TH - T, I TOERICLD, TH7 L+ 48 THE LIBBANE
BT L SWRBREFROEAEZREZTEEOTRIEWT ENE G IEE -z, v » THICERE
HAs v 72FF-HBBESBLEHNT, Fr o VHORENBHEZRET S L E2B0E LER
THb,

(i) EEREH

3[EMEER (Test No.480—5, 6, 7) D&% Table 2.4.2 TR T,

THbb, SEOERITELEBHAMRE (480—5) EIE+F + v 7REKEE (480—6) RUHE
B EEILA Bk EE (480 —T)DF v v 7HENBHORELENE LD TH 5,

(i) HERUEE

B # v o 7REKBEOBE, ChE TOEROEE, 2RMBHH 250 cal g-U0, 0BS
FERBHEMOEEAZ2T &, RUFH150cal U DEBSEIHE LAV EPBR > T b,
AEOFEE (Test No 480—6) DK, 2RAE %Y 200 cal g+ UO, & LAROIEEFDH
B, RUZOEOBBMRNIEEHOREICH 5, FRROHERE . 2RHEH 250 cal /g U0, DI
& & # LT Table 2.4, 312777,

LDORICASNLHRIC, KEB T 179cal U0, DEHRBEVE A S N/ILTWEL, 2D
BroBERMERER 14T CIRETEL T, 2RAEY 250 cal g+UO0, DFEEL N5 L,
AR TORMBEP G, HBEXAEE AT T IVRVEEZEL T 5720itH
CH-Td, ThIHLT, A7 evEAPBZIIKALAICR NS X DIC, BRIIRET S8
BRIz A Vv FINBETH 1o, TOBEOBRENERES % Fig 2.4. 3 TRTH, TH7LF L8O
FAbF v+ THOFEHSRSEEREBHELEL TS, LU, BEERECE/IBE % h T
2L, FHR7LF oHOEACHBIDEEZBT L T, Zhid, BEEROINE (BE
5mm #§ 0.5mm) HAMWBMNESEAR MR TH-T, MET L FLEIGEL oD TH S,

1ok, SERBAEEHI X E 25 (Test No480—5) RUEBAM ERAKBEICHT KR
(Test No 480 —T) TRV TN EBRLENEHLE T E 0D - o, ERBROEBREE ORI
AHELALLIAH, Fr oy THENFAOCREE Ny F VHEEL, po>—HAETHL T EH5
S
(3) BRIER
AFEER (Test No 481 —1)DHBBMEITI <L » R & o 7 5% 270 mm & EEREAFEREL O 2 {Ei2

LicbDTHB, REBIEKBEOBIEEE LR Y v 7REOHFRZFANS L ZHMELTHE
., RKET0 % 2RHE 183*ca1/g°U02 DEBTERs NI, LELEKS, REBENELIC
52cal/g+UQ, LPRASHEVHEATHEEBAELTLE /-, RREBEOBBHEICLD LyE
B [EIEROBEETNTH » T, BEARDLDHEBESELLDLEASNS,

* NSRRASEHAT A DERRRESEALN
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2.4.2 BEEaREsR GHER FABHE, B B

AEBOBME, HWEETCT LUy 5 Y IEASOBERNEE & DREEOIIE L & WECHIRED)
b, BLBEOBESLFOLICELEPEHOHIKTELELSSD, SHRHBECYAYIRKLS
B/ % & DI O RGEAR S 72 v EEE% 3@ (Test No115—33, 34, 35) FHEL 7,

Test No 115 —35 DEE T, BHERMME OVBREAENEROBRHES ., REICLEZ7 Ly
5V UERRIEREOBS LB L, F—HARET 5 EDICT -1 bDTH S REEBORAES
0.5 mm O EEEE R BEHRE % BRI E 12 kg~ cmPeg , FEE 190 cal /U0, TRE LI LT A,
BB NV X D% 0.5 BRICTHE L. BN OWEEREEZR 1100°C, #EAER 13.5kg
el eg T, REEEHBBRI/PE 1T LEE LTV, CHhOOHIE%EEIE Test o 1158 DIHG LR
FERTHD, ChoohEy SERRRREOBEEDHR, {BicLd 7 vy 7 v JRERKERE
DBEGEE—EABLEL AR TE,

Test Ko 11533 DFBL, FAEE 0.5 mm O FFLRFEHRE FIFIEIAIE 12 kg Sonf g, M
180 cal /g UO, TEBR LA DT, MEHL L X OH 0.6 WEICREMP RISy LEED
THEE L7z, Test No115—34 i3, BAZEE 0.3 mm OEEEER AT 2 HREAE 12kgcm™g,
FEE 168 cal /g U0, TER L7 HDT, MEIBHE LM -7, 5%, EB - BT OEE»s,
EEHEEEE IR OFE L & W ECHELEZ IS,
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Table 2.4.,1 Test conditions for Test No. 402-39, -40 and -41

Energy .
Test No.|Deposition Quantity of Water Remarks on a Test Rod
{cal/g.U03) (g) (Vol.%)
Fuel enrichment is 10%. A foil of
402-39 206 2.11 65 Cd covers the bottom end of fuel
region.
Fuel enrichment of the both end
402-40 206 3.40 100 pellets is 2.6% and that of the
others 10%.
Fuel enrichment is 10Z. A foil of
402-41 202 2.40 70 Cd covers the bottom end of fuel
region.

Table 2.4.2

Test conditions

for Test No. 480-5, -6 and -7

Energy Volumetric
Test No.| Deposition Fraction of Remarks on a Test Rod
(cal/g+U0y) | Water (%)
480-5 202 100 Standard type
_ Radial gap width is almost twice of
480-6 203 70 that of a standard test rod.
480-7 199 0 A pin hole in the cladding tube of
the fuel region.
Table 2.4.3 Comparison between the two waterlogged
rod tests (Test No. 480-6, 432-2)
gnergy . Surface Rod Pressure (Max. Max. Velocity
eposition . -
Test No. (cal/g-U02) Temp. of at Failure Capsule |of Cooling Water
T Cladding at (MPa) Pressure|Level
Total Failure Fallure(oc) Gap |Plenum (MPa) (m/sec)
A little
480-6 203 179 147 33.0| 45.0 45.0 ripple was
recorded.
432-2 236 144 51 — 0 9.2 2.9
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Rod failure

|

Water level

Water leak
(1 cycle = 12mm)

|

Rod pressure

Time (1 div. = 10 msec)

Fig.2.4.1 Transient rod pressure and water level during Test 402-41.

Rod failure

X

Water leak

Rod pressure

/

Water level (1 cycle = 12mm)

T

g e, ﬁr-

L | I | | I ] I 1

Time {1 div. = 10 msec)

Fig.2.4.2 Transient rod pressure and water level during Test 402-40
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MPa

70 —

rod failure

50

gap region

Rod pressure
=
o
{

lower plenum region

Time (1 div. = 10 msec)

Fig. 2.4.3 Transient rod pressure during Test 480-6
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2.5 Zofts

2.5.1 WHBEEER (Hmek, FREX, gllifs)

(1) & £

Ao ) — ZOERIZ, EORIBIC X DEASE CREAR, BETREES DO RIFREE
%@ﬁﬁ%ﬂ%ﬁ?@fﬁm,55w@,E@ﬁﬁ@%@%%i%@%%N%kb@%ﬁfﬁéoﬁ
W T, BKREIORBIC Y I —BEH 2 VIR EMEAEE Loy FAERICE O TERET -
oo % OFE UL OB OBEIC L D E U IC X B EEBEHCN T S BHEOERRIEL
A, NV FAOABIIKED Y bhicva sy FicERAESAATEPHSRPIRE -2, T,
ML DRI IC & » THE T BEEMIC L >T, Y27 9 FROBHKI Y2 77 FARBLESH
TLE S0, BUREIZSHMASRESNABCLABNTHELZT B EMPLHITIES T,

72 TAME, BABREAERETHN, B, Ya 79 FEROFILAREIEE UER ( Test
No 330 ~11) <, REEA FH L TEREFTNL, BUBHBLU Y277 FOZT SREDEEE
itz

(2) E®BHE

ﬁg&51$$@ﬁg252K$%ﬁﬁﬁﬁ%¢b%ﬂ.%ﬂ%ﬂﬁi@%ﬁﬁﬂ%mﬁﬁéﬁﬁ

SNy FvOBE T OMRE O LA 4 KOEBRETHE 5 A FafkFRe L, ARRKE S 1.5 mm
DTN =g ABDY LTy FERD, ROBREORKRE, FREOEBREFEUC, BORELR
@ﬁﬁibé%ﬁ&iétbﬁm&bkoit,%ﬁﬁ@¢bﬁﬂ&%ﬂﬁﬂ@$ﬁ%ﬂ%%ﬁ@%
LSd B, hlikils 20 % i, EOsE4s 10 % Bame L, R, RENAEO 0D
SREHCRIER, H 72 VEB LU Y250 ¥ 2 rRcENREBRO MG, v a sy FOETE
AWMORGRAEID Y 25y FARRES — VR RO, &5k, Bl | £oREO#H7
ﬂ¢@&¢@ﬁ%ﬁ?%mm®mﬁﬁxﬁvaiﬁFWSﬁ%K%H*ﬁEM%ﬁ®%%%%WDM
i,

155, LRE OB TSSO EE L, FEAFERREOFHH & | BB E L UFLHE
HodiuB Lo & 1omm T AHEL 2TV 5,

(3) EEHER :

AR SEA IS TR AT, SLREHT 243 cal /g UO. , JE#AEHC 259 cal /gUC, OFERE
%57 1o LB ONT BB & B LA £ RS 460 Bar 1 L B R THULRRH IR
Ui, dls OB IS A TL B TIMETh D, U0 Ry MIREAETNTHEENC
AT . ORI IS W R TOREHORAER, ¥ a 7 v FROIREILE
(FEAHEt £2) T 64Bar, #iARGOAIB T53Bar, 74 7R /VEH T 38 Bar TH » 72,

S B OB AR A Fig. 2.5.3 , 7025 9 FABE Fig 2 54105 T 4 KOO S
B 1 RIS RBEMTEEAET, | RIEDRBR L LU RO 2 BHT, ko 2RT20TH
GRS EE TR L TE Y, DN O U0, RLy MI—R#MbF(LL T, ZEONHE
3, ChETO Y25y RSy FBEs S b L TRIENE L <, FrNRl o8y s
D A TRIKEGICE > Tl Az Y 2 59 FOBEICE LG Sk S i hBIRERL
TED, FHETREBMO—SAEMLTETLTLEV U ~Ly b BHL TV, TOHERL
FATEM L IRE DIERBIBICAAE LT, 12, Y277 FOTMRESCATHEIKEZCZY, ¥
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25U FFRIEO T SO BEERE 71— F B L Tinic,

Y2 g w FOhLBREFEROEOHAMEE, ENERLFARCENLL, COBRORAEZE
BEIRSEASRFI L TLE -~ o DICRIET AL EWTERP -, FioPOIE TOMFEE I EKI
HmARL, BeE 7000ustrain T L2 HE/D L 6000 #strain OBERFELE - 2.

i, HEEOEZMEE R, FHORANICED e BEMRIA G RESE 1 BRI IbhTLE
S BICRERESZIAETE UL - cd, AR SFZITRAN FIGEL T, BEkoRE
i, Y23 FAT TREHBERKESHN200CIEL, Z0RNINCCREOREZ Y25 F T
HTH 3P, DRETHSMEEEL TV, Ya sy FEROBEIREIMN OO TLE -
HBHIETCER P72, £72, Y277 FAD EHOBREIRRVI0CLHN 100 COMTHRIL TV,

4) & & '

B EBEOAEOBREICLD, SHAOERTHAE (Test M 330—12) &ER, PLORKE
BOWEEITRE LFEHEOEY LBt L2 HUBHOBRBRE SN Eb T, LALES
5, BHKOBEER,SLEAT, Ya 7y FNOBFHETRELDTHT, »o, BlBE O
i1, EBMESSTHG LS - Tk sEASH, BIREORNAIEEEN OEREDAER L 0 fik L
toBBIcETWheEEZONE, T/, AUBEOARIL L ETES TEE - cHBHORT
Mo, FABEE Y27y FRERE LAEBTSMOEA KL -TYa 7y FRECESIMLAT S
NTOhEFHINE, 3oic, BB 2 ~3EKalLTEy, ZORIBECHEEBEINSRR @
EREROF 300 cal GUO, DRBBRAZSANBEOEBBREIGIELTWAS, Lich-T, Fill
OEBRER (RITBE 228 cal /gU0, TZ 3 » 7 03%4) L&bET, PLBEOBKBEEOK
itk - TEBOBEORBO L& 0 #2330 ~40cal gU0, ET45EEALN5,

T, SEBEINAZSEOIHORKERAIEIEHELT. BERKETHD Y2 7V FOERE
b HCHIE L THBETH -7,

2.5.2 v EERAR (SH#E, B OB
m | = _

BEBR V) — X, BKBREBIROBIZE L SRV v FOERREROREA A= LICETARR
AEL7EAEHRELTEY , BT T 6 [MOERMITON, SHicE0 TR, 2 POEE (Test
No 4007 , —8)M T 1z, Test No 400—7 Tid, MHINicEKks L BLOERDN vy b &
Zry— 4 HBERHALBEEOR K Licbd, (400—-T@), oic, EBKOWEL LV
b (400—T{0D) ZREL, <L PR T ARV FEFERE XCHEEEOEZEIC OV TH
~jz, Test Na400—8 T, &KkBLTIESKA L » bEFHALTIE-FBEHEEZRE L, Ry b
W EERE, HREECBGREREAN,

(2] EBRHE |

(i} Test No400—T(a) (=L FE, BRRO~<L o PEBICRETEELEALER)

Ly PERIRET AL, FORE, BRELIUHETOEEBLAL DT, tholRT, &
REELARE, BER, NMEBLUDEEEZOLBHO RV y b E Ly — 4 HEERIKBEALL
BREEAVERL L, ~NLw M, BERES LABRARKIZBIBZLERIDEKRSE, X1y
FDEKEIR, Fig 2. 5.5 KRS L 50, FRELETRLVy PD2~3FTHE, oL, FEER
Loy MIFEAESK LD »7:, BHEESTOEKERIR, BROLD, AIERALIVDPLEDER
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bbb,

(i) Test Na 400 —7(b) (A7 NHEEEIZDRL & M RIFTEEEZANLER)

PrmeEOMic, KEEEHVRL Y b HERICEE Lz, Test M400—3XH0T KES
FTHVRL o b, WEREFRETT, KbPcBURRETBRLIE TS, ~Uy b iR
Ltco ZOBEMIE, # 7 VAVEICH 7 e VREHERIE DN LItk Ry POBEK
LB THdEELON, THEEDERDI, FIHKEEELV<LYy ME, Fig. 2.5.510C
FE &S, BHERLEBHARICAR, h 7 el T VA A EE ST ALK
th BEEREBIAELCEBINES - EDD2 2Oy FREEZED, BRET -7

(i) Test Na400—8 (<L v FMEROKEEERE, ELRFITREEZHE LXK

Skl FEHEEENTHR T AHOREEEE, #EEELSIU NV y MIUEHEHEND
b, SBIKEEI ALy b ABA LEERRIZ, Fig 2.5.6 KT LD, BEX, EF VB
LUMUR ARG, ik, REDic, REGEHVAL Y SEBREBICHA LR,
(3) FEEREER
(I} Test No.400—7 (a)

Tl & LT, BRI 147 cal /g U0, 25 A, THIFSHSKANLALy MEDWT
1, FREMEIRAETH S, AREORBENGA OO bOLEDNS,

B, WBEONERI I DR L, Fig 2.5 TIRT L5, HBER 3HEHTHI
~30% BRTHD, BT FHEHZERABNIETHE L Tk, £/, —HBRESOLTWR
AR L, ALV BL TV, XREES L > THRHBAMZEET 5L, WEBTED
i, KBSV MR, AE—EER<L ., MERMEBRUNME-REE<L y MERMAET
ELTEN, B0 THREANEBTIE, ThFhKEXVy PEIURBEL y FDHERL
TNB T LAY T, R 5 MR SMERL y IO T, WEERELTE ST,
Tt WBEEDSBALLES BN, CoMBERMIELTVS, XEBETE, BEESLV .y b
BEGINERL o PR LTV EOELRHFITEL NS, vy bE2HEEEPOIRDHLAL
Cé,m%vab@W%Lfmto%ﬁ@&vwhgﬁntmm5ﬁ,¢@&vwb®ﬁw%b
CHERE LT Wil »7,

Fig.2.5.8 KAGHBO<L v rOEEE, X, Fig2 5 12 CEFICLORDIRT ¥4 D5
AT, KE, MEBLURSERL .y Mg, 2EREO 0 B4 1 ~4 mm ORFOBBELTO
BH, FEHEFRL o M, 80 %H4 mmBlED, Uy FEKRERSZKELDICE AT 5
COMHBERIKOBRNOEEIZ LD L3Nk bDTHE, KB, MEBLURSHESLy MiF2
~3% (&) OKEBILL 58, BEZRL .y PR KERL G -7, BEESL y P
KAWL LSt - BAAE~NI LT A, BEERV .y b LD~y P ORESRKRIICENDESH D,
B, MRfhE D B LCESRACEMY -7, 2 LT, Ml SRV y PiKE
WIVE Bh, BoEE oty MRKERRLUANT EMELENL -, FHAL y F OHEER
&VVﬁmﬁﬁIE.%zﬂ,§EMIM£mt,ﬁéﬁ@ME%ﬁmzénttmwéutbm
bLAK, _

BEE LR oA BRI EKBE OEENN—X LTV B, BREATICHREHESRKL THER
strdE T, Ny NERIRSATORBREBOKS - NENOREFRRTH - &ith
Do AEBREERIERTH S Test 0 400—6EBNT, ~Nby MEBERLY, HEEEM
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DEALLE LTz, WRERMOBILOBTES, S, Test M 4006 KB TRIEAEEE L
FaAE ER U0, SEIOEB T DNB A4 BA TERIKE LA &M 5, Lizhi-
T, WEEREEHORECPHBERROFEL AL L LD E LI,

(i) Test No400—7(b)

TNIFHBCANLBE LIcRvy PiZOOT, BHLANL .y PAEE LA XLy b b
HITHEHR LI -, Fig 2. 5. 901RT LD, MHEELESTNDOEED, BHAREIDEL 280
LECTH S, FiFH 4 X%EHBE (Fig.2.5.13), BH LA -y b, THbL, BB
Bty POV TRLEBOG0%M dmm PO Ficghioicg LT, BEics|H
NP ooy PIEDOVTIR 0% UUES 4amm B ETH Y, BiEOHBETE RS,

(i) Test No.400—8 _

148 cal /g-UO, DREBBAHEHCS Az, Fig2 5. 10iFRT L 9ic, BEHEBEOBENCELL
TR LAY EMIE L > 85D 2 DOMEMSE U, XRGFETHENTEES L, BRIk
BICHIS G D |ME K<L FEBRBRLTEST, —F, FBLAESIET 287K~ » M3
BELTw5, PFig2.5. 11 IRART LD, FEKRRVy PEEKSLy FDENFICHRELENS
5%, Fig 2.5 4 ICRT LD, EK~<vy P390 BELEN 1 ~4mm DR T ->TH3
DI LT, &KLy P60 BB 4mmPl FOKREBRFLL - T B,

Fig 2.5. 15 {CBE LT — 7 2R d ., HBERMREEHE, SK<r o PEHEFESK<L
PERORICEAFLEZATRLTVS, BER, T2 0F 55 80 BEASNLRKES S LRAZHE
L, &KLy B (#1) TR, 2% ERE2RT T EHBBHEY | sec DRFATHRE1100°C
IELTWSD, KUy METI, B60msec TREMN 130°C K LAELTHEL, —7F,
Ry MBUFHRESERS &, T2 F 547 20 BIRAZHIBET, Ly b2y o 7EN
%ﬁﬁ@U&?th A, HUEH EMMEAZOOT, WL ~NL . FOBMEECESLDTIR
MRy PR OERARESBRISICER LT EILEEbDTHS, LLOLSHREFENED
oD, SRRV oy POSTERE LICER, N Ly b EHETOERTE, EAOSRD Lk TS,
HUFHOEED O NV RBRARBME L VHETRL y FEERLLbDEEL NS, WEEDH
HRAFBEDWT, KLy MEOE (#2) GFEESKL . MEOE (#1) L EREL{HDN
TO5H, HEERETEC, T/, 20RAREATYS

IHE TOERBERELS, Ly bPEGKTIE S vABHEICLO RV y MR CERTLT &
WHLPITIS 7, 58I, CHIETESAL Ty 528, BHOA A= L5l Shic LTIT
{FETH 5,
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i} X £5 l
1 I
i
; Upper grid plate
l'—'-é' 'q-ﬂ/_,..—-‘-

a— Shroud

] T Surrounding fuel

| Center fuel

~- Support

O
[#%]

¥

™
/
7
/

. ~. T/C(Coolant)

T/C{Cladding) ~{ ' x||+2

= 11 - Lower grid plate
0 ! I : ,}—“ L,\' : I Biwmﬁmz_fgi_s
—l |
X H1

Lower grid ?Iale

D | ,_]L: Dior ce.nter uel

|

~ ~. Adaptor
\Pressure sensor

Fig. 2.5 1 Measuring Instruments for Test No 330-12(1)
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Strain gauge

—

Hole for T/C

#1(Inlet !}
#5(0utlet)

I___I Pressure sepsor

e T}

7
| Support for pressure sensor
o :
™
-1, .
1] i =2 Pressure sensor
[ard
o
1
T

(Unit mm)

Fig. 2.5 2 Measuring Instruments for Test Mo 330-12(2)
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253

Test fuel rods after

Opening mouth
(center rod)

Molten cladding
(surrounding rod Nol)

Area of cladding melt-down
{(surrounding rod Mo.2)

High oxidized cladding
(surrounding rod Ned)

irradiation in Test Ne330-12
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Ballooning of shroud
at lower region

Shroud lower end

Fig 254 Flow shroud after irradiation in Test N330-12
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Aluminum container

400-7 (b) {closed)
7777770 vater
1 4»2'/

[

¢ =~ﬁ;kﬁx_ U0y pellets
; _,sz”’— (no water contained)
] el . 1
/ A 4 Pellet support
1 L
R

Pressure tranceducer #1

Pellet type Water content

f 5 } large dia. 0.0155 g (2.2%)
| Strain | (9.38 mD) 0.0152 (2.2%)
%iu%e } standard 0.0 (0%
’ (9.29 mmD) 0.0 ( 0%
’ —> small dia. 0.0202 (3.1%)
| strain } (9.09 mmD) 0.0037 (0.6%)
1 gauge i | hollow 0.0173 (2.7%)
134 [ } (9.29 wmD) 0.0143  (2.2%)
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Fig.2.5.5 Arrangements for Test No.400-7
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Iron-core for pellet elongation
medasurement

Alumina pellet

Thermocouple (Pt/Pt-13%Rh)#2

Pellet type Water content
Strain gauge #2 Waterlogged 0.0148 g (2.2%)
pellets 0.0151 (2.2%)
. 0.0226 {(3.3%)
Disk | ( ): pellet/water
volume ratio
Strain gauge #1 Not waterlogged
>4 pellets

Thermocouple (Pt/Pt-137ZRh)#1

B

Fig.2.5.6 Test fuel rod for Test No. 400-8

X ray photeograph
Fig.2.5.7 Fuel rod after irradiation in Test No. 400-7
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Small dia. pellets

Standard dia. pellets with hollow

Fuel pellets irradiated with cladding in Test No. 400--7

Large dia. pellets
Standard dia. pellets

Fig.2.5.8
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Not evacuated pellets

Evacuated pellets

Fig.2.5.9 Fuel pellets irradiated without cladding in Test MNo. 400-7

X ray photograph

Fig.2.5.10 Fuel rod after irradiation in Test No. 400-8
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Water contained pellets s oaal

Fig.2.5.11 Fuel pellets after irradiation in Test No. 400-8
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Not evcuated pellets Evacuated pellets
1.0 ~Recovery: 99.9% 1.0~ Recovery: 99.37%
S
S 0.8 0.8+
dud
o
¥
44
B
0.6 0.6
[o1]
=
=
s
4
g 0.4 0.41
ey
0
—~
U
.E
£ 0.2/ 0.2
oy
0 0 d
Particle size (um) Particle size (um)

Fig.2.5.13 Fuel particle distribution in Test No.400-7(b) (without cladding)

—_ 1.0 — waterlogged pellets 1.0 Not waterlogged pellets
=z Recovery: 99.1% Recovery: 99.27%
i
4 0.8 0.8
-
4+
=
&
g 0.6 0.6-
—
o
]
g .
o 0.4 0.4
—
3
-~
P
s
e 0.2 0.2I"
0 ! 0 ;

Particle size (um) Particle size {(um)

Fig.2.5.14 Fuel particle distribution in Test No.400-8 (with cladding)
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Fig.4.1 Test Arrangement in Test No. 600-5
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Test Fuel Rod for Test No. 600-5
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hefore irradiation 55.8 msec

58.1 msec

53.5 msec 60.5 msec

Pictures printed from motion film taken at 430 fps in
Test No600-5. The fuel rod was subjected to ~300 cal”g-UO,

in an air environment and burst immediately after reactor
power burst.
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Fig, 4.3 {Continued)
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Table A -1 Characteristies of NSRR

(1) Reactor Type: Modified TRIGA-ACPR (Annular Core Pulse Reactor)

(2} Reacter Vessel; 3.6 (wide) x 4.Sm(1ung) x 9" (deep) open pool

(3) Fuel;
Fuel tyge 12 wis U-Irt fuel
Fual enrichment 20 wr2 U-235
Clad material Stainless steel
Fuel diameter : 3.56c
Clad diameter ‘ 3.76c= 0.3.
Length of fuel section 3Bem

157 (including § fuel-followered

Number of fuel rocs
control rogs)

Equivaient core diameter &2cm

(8) Control Rods:

Number 8 {including 2 safety rods)
Type Fuel followered type
Poison mazerial Naturzl 2.C

Z orive gacx and pinion drive

{5} Transient Rods;
Number 2 fast transient rods and 1 adjustabie
transient rod

Air followered type

Type
Poison material 32% enriched B,C
Rog drive Fast : Pneumatic

Adjustable : Rack and pinicn & Pneumatic

{6) Core Performance;

a} Steady state operation
Steady state power 300K
b} Pulse operation

Max. peak power 21,100MW
Max. burst energy T117Mu-sec
Max. reactivity inserzien 3.42 ak {$4.87}
Min. period 1.17 msec
Pulse width 4.4 msec (1/2 peak power)
Neutron life time 30 usec
(7} Experiment Tube;
Inside diameter 22cm
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