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

This report describes the results obtained from ekperiments performed
from January through December, 1987. A total of 38 tests was carried out
during this period : those are 5 NSRR standard fuel test, 6 fuel design
parameter tests (2 fuel tesrs with iodine, 3 tests with SUS claddings,
and 1 for destructive force measurement test), 7 cooling parameter tests
(3 tests with flow tube and 4 bundle tests), 8 advanced type fuel tests
(1 NRC tests, 5 PCl-resistant fuel tests, 2 pressurized hollow fuel tests}),
1 high pressure / high temperature tests, 2 higt temperature / high
pressure loop tests, 3 high temperature flooding tests, 3 fuel motion
observation tests, and 3 miscellaneous atmospheric pressure capsule tests

(1 fuel damage test, 2 acceleration tests). The progress of computer

code development is also described.
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Summary of the progress of this period

(T. Fujishiro and O. Horiki)

This report summarizes the propress and major results of the NSRR
experiments and the development of computer codes conducted in the period
from January throgh December, 1987. Experiments performed were 30
atmospheric capsule tests, one high temperature high pressure (HTEP) capsule
test, one HTHP loop test, 3 fuel motion observation capsule tests, and 3 high
temperature reflooding tests. Namely, a total of 38 tests was executed.
Details are listed and shown in Table 1.1.

Outlines of each are described in the subsequent sectilons.

(1) Standard fuel tests

(1.1) Test for transient rod strain measurement

To evaluate the BOOp strain arised from the NSRR standard fuel during
pulse irradiation, strain gauges attached directly to the cladding surface
were used. From the tests, it was found that the hoop strain was increased
with increasing energy deposition. At energy deposition above 150cal/g-U02,
the occurrence of plastic deformation was observed. The tendency of PCMI
gaturation above the energy deposition of 200cal/g-UO2 was also observed.
The narrow gap rod (0.10mm against standard gap of 0.19mm) was caused rather

large PCMI than the standard gap rod at the same energy deposition level.

(1.2) Test for detecting the small rod deformation to be caused by PCMI

To detect the small rod deformation to be caused by PCMI, a LVDT type
sensor consisted of a light weight ferric core and Pt bare wire by 0.3mm
0.D. welded directly to the fuel cladding surface was used. As a result of
test, it was found that a small amount of PCMI was detectable though being
some limitaions such as stability. Data were rather stable when the surface
of cladding was under film boiling conditioms. It is worthy mentioning that
there is another possibility to detect the PCMI by combination of this LVDT

type sensor with a strain gauge one.
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{(2) Fuel design parameter tests

(2.1) Test for the iodine added fuel rod

NSRR standard fuel rod having 1.0 v 1.3 mg iodine (I-127) was fabricated.
As for reference, non-additive standard fuels were also prepared. Both were
pulse irradiated with deposited energy range from 268 to 280 cal/g fuel.

From this, an influence of corrosive environment on fuel failure mode was
investigated.

Post-irradiation examination (PIE) revealed that no fuel failure occurred
in the iodine added rods. However, the reference rods were defected. Thus,
corrosive environment did not reduce the failure threshold. One of
characteristics observed in the iodine added rods were columnar grain growth
at the fuel periphlery location. No grain growth was obseved in the reference

rod.

{2.2) Destructive force measurement test

- Influence of rod ﬁrepressurization amounted to 7.0 MPa on the generation
of destructive force was studied. In the proceeding tests performed with
prepressurization level below 5.0 MPa, overall active fuel column and oxidized
zircaloy cladding were defected and dispersed into coolant. However, in this
test, failure was limited to rod bottom reéegion only without accompanying the
oxidiation of cladding. Dispersion of fuel in the latter was insignificant.
Tt is revealed from that the increase of prepressurization level may be

effective to cause somewhat different type of failure from the proceeding tests.
(3) Cooling condition parameter tests

(3.1) Coolant flow with shroud tests

To use the fuel boundle simulated to High Conversion LWR (HCLWR) system,
tests were_performed.where coolant to fuel ratioc, coolant wvelocity, and
coolant temperature were ‘used ‘as parameter.

In a stagnant ceolant, DNB occurred at energy deposition of 115 and 82
cal/g-UOz. Influence of coolant temperature was, however, not significant.
in addition to these, influence of the parameters on fuel failure
condition was further studied. Under stagnant flow condition, for example,

fuel rods having a shrould (13.0 or 14,0 mm in thickness) failed at energy

deposition of 235 cal/g*UOz.
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(3.2) Boundle tests

With hexagonal boundle including of 7 SUS claddings, fuel transient
behavior was studied. Center rod in the bundle had an enrichment by 20%
and peripheral rods had an enrichment by 10%. This arrangement was due to
make uniform distribution of neutron flux across the bundle.

Used parameters were coolant temperature (20°C or 80°C), coolant
velocity (0 ~ max. 1.8 m/s), rod internal pressure (0.1 ~ 3.0 MPa) and shape
of shroud (cylindrical or rectangular). From the tests, the occurence of

DNB and the failure threshold of each fuel rods were clarified.
(4} Advanced type fuel tests

(4.1) USNRC tests

8x8 BWR type fuel tods whether or not having the cadmium (cd) seal at
both ends of fuel column have pulse irradiated with energy deposition of
434 cal/g-UOZ.

along rod and caused the fuel dispersion into the coolant. However, the

The fuel rod having Cd seal caused the overall failure

fuel rod not having Cd seal caused the local failure and the local fuel

dispersion. Thus, effect of cadmium on failure mode is significant.

{(4.2) PCI-resistance fuel tests

Fuel pellet having a small amount of mullite additives (so called
alumino-silicate) was prepared and used as 8x8 BWR type PCI resistant fuel.
The additive fuel comsisted of A type (A1203:Sioz=l:l) and B type (A1203:
Si02<l:1). Additive concentration consistent of High (»1.6 v/o) and Low
{(<1.6 v/o). Both are combined each other.

Failure threshold of these additive fuels (HA, LA, HB, LB) is revealed
to be not less than 260 cal/g fuel, which is considered to be the failure
threshold of NSRR standard fuel. There is not significant difference of
mechanical energy release between NSRR standard rods and tested additive

fuel rods.

(4.3) Pressurized hollow fuel tests

Hollow fuel pressurized up to 0.6 MPa was provided for pulse irradiation.
Three fuel rods having a different pressurization were pulsed simultaneously
by using an atmospheric capsule. Failure threshold of the fuel rod was
resulted in about 251 cal/g fuel. The failure mode was varied from melt/

brittle mechanism to ballooning/rupture one depending on the initial
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pressurization level to 0.6 MPa.
. The ‘magnitude of ballooning in hollow/pressurized fuel was found to be

greater than that in solid/prepressurized fuel.

{4.4) TFuel damage tests

Debris beds consisted of fractured UOZ’ zircaloy and stainless steel
cladding materials were provided for this study. The debris beds were
heated first by electrically and subsequently heated nuclear for the purpose
of understanding the cohesive debris formation. During the test, maximum
integrated reactor power by 87,5 MWs, was reached followed by electrical
heating up to 500°C. However, it was found that overall ccohesive debris beds

did not from.
(5) High temperature/high pressure capsule tests

Influence of pressure differnce between rod internal and coolant, and
influence of plenum volume on failure threshold of fuel rod were studied.
System coolant pressure and coolant temperature were 13.6 MPa and 320°C,
respectively. Deposited energy was 228 cal/g‘UOz.

As to the case for relatively greater pressure differnce (3.8 MPa), a
fuel rod was defected by rupture. However, for releatively small pressure
difference (0.77 MPa), a fuel rod was only hallooned without defection.

The decrease of plenum volume revealed to have a slight effect with

increasing thé magnitude of rod ballconing.
(6) High temperature/high pressure loop tests

Tests were done under simulated PWR conditions. PWR type fuel rod
prepressurized to 1.6 MPa was used under coolant pressure of 12.1 MPa,
coolant temperature of 287°C and flow rate of 1 m/s. Energy deposition of
306 cal/g-U0, ‘

Another PWR type fuel rod prepressurized to 1.6 MPa was pulse irradiated

was given. Fuel rod, however, caused no failure.

under coolant pressure of 16.0 MPa, coolant temperature of 300°C and flow
rate of 1 m/s. Energy deposition of 234 cal/g-UO2 was given under the
conditions. Fuel rod, however, caused no failure. It is revealed that
failure threshold of PWR type fuel under simulated PWR conditions may be

greater than 300 cal/g-UOZ.
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(7) High temperature flocding tests

It may be considered that there is a possibility to cause severe fuel
destruction during a quench (reflooding) phase of fuel rod during LOCA
{(Loss-of~Coolant Accident). Test was performed under simulated reflood
condition. During test, electrical heating combined with nuclear heating
was used. Zircaloy cladding surface temperature during heat up phase
reached to about 1025°C and subsequently quenched. Through this test, fuel
rod used was defected by ballooning. However, significant destruction of

fuel rod did not occur.
(8) Fuel motion observation tests

Quenching behavior of fuel rod at reflooding phase of LOCA (deposited
energy: 180 cal/g-UOz) as well as melting behavicor of stainless steel
cladding (deposited energy ! 340 and 105 cal/g-UOz) were conducted by the
fuel motion observation capsule. A total of 3 tests was carried out in

order to make continuous monitoring the fuel behavior by video film.
(9) Development of analytical computer code

(9.1) Development of Accidental Fuel Behavior Analysis Computer Code
NSR-FEM

To describe the fuel behavior under the accident cenditions which was
represented by the ballooning and the pellet cladding mechanical interaction
(PCMI), a developmental work by using the finite element method (FEM) has
initiated. The code is named as Accidental Fuel Behavior Analysis Computer
Code NSR-FEM.

After completion of the fundamental programing, a preliminary

verification study is in progress.

(9.2) Development and verification of FPRETAIN

In a series of NSRR pulse irradiation program, preirradiated fuel rods
transferred from JMIR (NSRR standard fuel), from commercial power reactors
(BWR and PWR type fuel rods), are using. In parallel to experiment
development of computer code which can predict fuel behavior not only during

preirradiation stage but during pulse irradiation stage has been in progress.
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Modelling to describe fuel behavior at preirradiation stage is almost

finished in computer code FPRETAIN. Further modelling for fuel behavior at

pulse irradiation stage is in progress. Regrading FP gas release from PWR

type fuel rod, for example, predicted FGR value of 3.47% was well coincided

with punctured value of 3.7%.
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Table 1.1 Qutline of NSRR Experiments until Dec. 1987
Number of Test
Test Item Objective
Jan. 1875 Jan.1987 Total
~Dec. 1986 | ~Dec. 1887 | -
1.Standard Fuel Tests To know general fuel behavior 118 5 124
oh oxidatien kinetics,
deformation, failure threshold
and failure mechanism for
establishing detail fuel data
hase
2.Fuel Design Parameter Tests
(i) Enrichment Te know the influence of 17 ¢ 17
(ii) Gap Width design parameters on fuel 16 0 16
(1ii) Gap Gas behavinr, failure threshold 22 2. 24
{iv) Rod Pressure and failure mechanism 59 0 59
Atmos- (y) Clad Thickness 5 0 5
pheric {vi) Clad Heat Treatment 9 0 8
Pressure | (vii) Clad Material 3 3 3
Capsule | {viii) Others 26 1 27
Tests
3.Cooling Condition Parameter Tests
(i) Ceolant temperature To know the influence of 26 0 26
(ii) Simulated Flow Area cogling conditions on fuel 28 3 28
(i1i) Red Bundle bebavior and failure 23 4 21
(iv) Forced Convection propagation 3z 0 32
4 .Defected Fuel Rod Tests To know failure behavior,
(i) Waterlogged Fuel Rod failure threshold and 9 0 91
{ii) Fretting-Corroded Fuel rod destructive energy 53 0 53
5.5evere Fuel Damage Tests To know fuel behavior under 35 1 26
gaseous environment and to
reveal the debris bed
coclability
6.Advanced Fuel Rod Tests
(i) USNRC Fuel To understand fuel behavior, 21 1 22
(i1} Gadlinia Fuel failure threshold, mechanical 13 0 13
{iii) HTGR Fuel enerpy generation, and failure 7 0 7
(iv) HOX Fuel mechanism of newly developed 22 0 22
(v} PCI-resistant Fuel remedy fuels 13 7 20
7.5evarate Effect Tests To understand the scope and
{i) Preirradiated cladding function of newly developed 7 0 7
{ii) Miscellaneous (accelerator,etc) ) instrumentations or newly 84 2 86
started tests
High Temperature/High Pressure Capsule Tests To understand fuel behabior 24 1 25
under simulated LWR coolant ‘
pressure and temperalure
condition
High Temperature/High Pressure Loop Tests To study fuel behavior under 17 2 19
loop operation
High Temperature Flooding Capsule Tests To study fugl collapse during 0 3 !
reflooding phase of LOCA
Fuel Bahavior Observation Tests To know fuel behavior through 25 3 28
high speed camera
Total 823 38 861
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HE T, EBELTHICH ULTHEMRIZL4EE4D, Y TREORV FTHIRRSHEO N
7oo



JAERI-M 91-130

Table 1.1 N SR RERSE L LRI
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(vi) Y ERILES 9 0 9
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B3 BT Ay R
(i) ¥aERE (ARG PR RIASTED, RO 26 0 26
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a (iil) /3 BIARR T57 23 4 21
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(1) FREERE BOFR T 3L A RS 2 91 0 91
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Er
6. PRk '
(i) HKENRCH#E Ho IR R AR 21 1 22
5 (1) ARUZTADEE | SEEERIORIAFH B 1 AR L & 13 0 13
(iii) HTGRAK Wil B A —OITE 2 R 7 0 7
(iv) IRGEHbIpEREL AN LOFHETS D 22 0 22
(v) PCIohmaiRg 13 7 20
7. FOf
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(i1) FOMMIRERE) | H57=0 84 2 85
ERE T LS PR OMNLRIE. FHEMTIS 24 1 25
1T L REIEHIOIRTT D < 8b
BRI H R Pk E Qi Ol N A a0y 255 R ka2l ) 4 17 2 19
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TR K AR LOCAHIRT K AF OB H Bt Th Do 0 3 3
Y:d 9]
FRE BT 1 SRR B BTN Al vy k3 3 D T ) 25 3 28
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B (ER&ES 2528, 9) #HMB L. ThonEEE, wIFhd, PCMI (Pellet—

Clad Mechanical Interaction)iZ K2 MEEDCBUXLEUDORHEZHN LT LEDTH L,
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(1) BEEMTER

AFEE ) -XE, PCMIRE-TETAHBEDREEELXEY - ZE2H O THIE L,
FOMBARALLS LT H80THS, SHE, WEEFOEERSNUHEBF v » 78
CHENZ O ERBAS L AEEBR (203 -4k RU, BASTOREELRL 20H20%R
REDHBEBME AR L EER (253 —16) 1T 1, '
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BEAIE MO Pt/ Pt~ 13% RhAEN 3R EMD A of, Bl « RAECKEH 2 LERGKE
FTealcEEL, NSRRiIZBF R ~raBiicfdLic, BALLESY - Vid, 250CE T
BECHEETE, RALKOFNEN TEEGRANIBEEY -V TH 5,
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BERFEOWEF v v THENE, BERELGIRROEH LRI, BOBMEI LT OARE
(1B, Eh, SHMOERICLD, BRAEGIRCTE Y EIT B E TSRS L E R R
L%, PCMIKLZWEECABARLRITREASHOEZEICOVTIH, ERHEHFSH
LI BOATH ALY, BENLSCLIETVEOY, TREEREALLOTERLVED
R A3,
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CHOEBY)-RE, PCMIRKIZHBEEOKRNMEELCBESRESZANET S v+ D
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Fig. 2.1.1 JInstrumentations for strain measurement test
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Energy deposition (cal/g-U02)

(x10°%)
Symbol | Gap width | Enrichment
I5F |
O 0.085 mm 10 %
—~ ' ' v 53-15
= S 0.095 nm 20 % 2'3.
[av]
— L J
+ ® 0.050 mm - 10 % ®
_ [75]
b @
- JAN 0.195 mm 20 % .
_ 10}
3]
=
7]
2 253-14
E . o :
253-16 .
?:o 5 < o 0
= ' o
[ae]
r—t @)
>
Q
O o A
. O
g A
8° EB '®) A
0 22 : -~
100 150 200

Fig. 2.1.2 Cladding hoop strain due to PCMI as a function
of energy deposition
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Test Fuel Ro
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wl My
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o
w
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; Head
l_j)_] Welding : i
T/C : Thermo-couple for cladding (Unit : mm )

surface temperature

D/S : Small deformation sensor

Fig. 2.1.3 Instrumentations for small deformation measurement
tests
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Cladding Surface Temperature #2
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" Fig. 2.1.4 Transient histories of cladding radial displacements and
cladding surface temperature measured in Test 252-8
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Fig. 2.1.5 Transient histories of cladding radial displacements
and cladding surface temperature measured in Test
252-9
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2.2 BHERHNIA-—FIER
(PR, fERRK)

2.2.1 a3 vHEADEEER

1 &

RERS KB TFEEEE (BLF, #EE) oLy b ST o/ #EBEHEER
( Pellet—Cladding Interaction. BAFPC 1) KERTIEHERLZ, #HLOHBEAIK
Wt S 0 Lo EE S RERY (Fission Product, ELFFP) KE2RARELE,
PClickh#@EEmmicE UCASIEREHEMPERGLAEE +A0HEPCI —LAKAERH R
DEEEES,

COPCl-ILIEEEAKA (LT, PCIEE) BEANOLS, AT THEC DR
AEE (1 -23), BHERAERELPLE LAFEREE (24-66) , RUGFHEz - FiTkd#
EX¥EE 7 Y 7HE (67T-81) BiTHiri.

FARBHLOOHMEIZREINE, YA 0/ HRMOTNTRAINET BT HEFELRTIC
g EEE (17-20) 855 5. Peechs b (19) OMFAER (HEBEALMER S Y v &l
B) BHETE, Yoo 4 REEAEICI0 g om® BERavEBESSNE, 29807
BRIANGSEET L LANT S, BESHBRIELAZFEMAXI —ic X 35E (82) T,
GE 320MPa, FPHARBEERNSFOBAEK avHEITL - Tavi - HEEENNFEE
TEEOHIFRAEBELNTH S,

IS s vRBENDAREGERCREIFEGERE, TELT, EFEENVERROR
WRBELAGEORBEHAINFE L L TITONEDTH L,

EHFONSRREZHOCTHEINTOERRIGEEASER (UT, RTA) BEEEEBRT T,
FEME <Ly FOANBRNICEZE LR L, BOOBRBRICLID VI AHAEETLOHD F +
wTEEL, —BYTEHEBPCINREET S, HAEONSRRERTEH, REHEHEIH
WTWADT, TOPCIRIBIKERBHOIVEOHFAREIBRDTLLEEZI LN B,
EHWITPCIWFELELSR VI &R, ThEITRAREIOL TR L7,

KL, BEENERCHI o PP EEH I TE - 12TE2HA L RKBHEREEZB, R
IAXEBT P CIHEFRETE2LEILERIELACDBEDIRERORETH S,

(2) EEH*E

1)
FEEICH /BB E R, Table 22 1 WART IS NSRREHESRE (PWRAH) THh

5, BEERI0Ow 0 Th Y, BEHEOER, 137mm THb. COBEEL 4 RKEE L,

zoSE 2ACE s vFE- 127 (LIF, 1-127) #HA L. TOHiEiE, Fig.2.2.1k

RE LS, BEHESHEhRFEIL, Ty (ES1Imm ., BEZmm ) THALALI

— 127AHATAELOTHD. R b ic- Tk, DNV RABRKBTT Y 7080, avE
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B a v BBESBX10°g, m® %, AEBKAOABHEEONUEESBOTHREL,
HAFIvEEIL)~ 1L3mg Z&EL .

Fia v EEA LT LSICHELAZFEMAXI - HiHETE, BRBCERAL LKA
Mol - 125 CERSOA) .. 1.— 129 (FEREP 1L57Tx10 F) FeFEsAT . L
L, XM TH+Nor2 2 TCHRRCETE T ABEHO 1 — 12TRESPA .
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Table 2.2,1 Design summary of test fuel rod
Fuel Type Dimension
U0, pellets
Diameter 9.29 mm
Length 10 ™m
Density 95 Z T.D
Enrichment 10 %
‘Shape Chamfered
Cladding
Material Zircaloy-4
Wall Thickness 0.62 mm
Pin
Diameter 10.72 mm
Pellet-cladding Gap 0.190mm
Element
Overall Length 275 mm
Active Length 137 mm
Weight of Fuel Pellets 93 g
Number of Pellets 14
Weight of 1271 1.0 v 1.3 mg
Plenum Gas 0.1 MPa He
Table 2.2.2 Test Matrix
Rod *Energy Deposition
] Fuel T
Test Ne. Identification (cal/g-U05) ue ype
Z4ELL 268 Without Iodine
236-1 Z4E10 268 Todine included
(1.3 mg)
256-2 Z4E15 280 Without iodine
Z4ELL 280 Todine included
(1.0 mg)
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Fig. 2.2.1 Schematic drawing of fuel rod with I-127
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EXPERIMENTAL VARIABLES

Fig. 2.2.3 Fadiiure threshold of fuel rod with/without iodine
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Test 260- 14
B Prompt Energy Depesition .32 kd/g- U0,
Energy Deposition until Failure 1,18 kJd/g- UQ,
Intial Fuel Rod Pressure 7.0 MPc
L ATsub 80 K
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Fig. 2.2.6 Pressure Trace Measured in Test 260-14
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Fig. 2.2.7 Debris Particle Size Distribution
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Photo. 2.2.1 As-etched radial cross section of fuel rods at energy
level of 268 cal/g.UOz, (left) without I-127 and

(right) with I-127 at fuel top, center, and bottom.
White spots on cladding indicate zero orientation.



A A SR

JAERI-M 21-130

(do3) 4Laeydrasd TenJ 3® JuswaBieTue [eIlaed pue

(3us12) ‘on-8/1¥0 g9z 3o uorirsodep £3rvue 3B /ZT-T Y3

pox (en3y jo (3ird TrIjual) UWOTIDIS SS0ID [BIPRI Paysis-

170
sV

[4

[A

[4

“0304g




JAERI-M 91-130

Photo. 2.2.3 As-etched radial cross section of fuel rods at energy

level of 280 cal/g.U0 (left) without I-127 and

25
(right) with I-127 at fuel top, center, and bottom

.._427.
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2.3 RHMEHNSA-FER

2.3.1 HBEE IR ER
(EEE)

1 &=

AEBR Y-, AROREZARESCHEE LLBREEL I AARICENL, BFOPW
RELDAELMEEY v FEET28GRBAFTERASAE Sy Fritkd 8%
FHNBELEDT. REONVY FNVERAHTETENI A9 ERTHD., /v7 A -5 & LTHRE
BEER (TabbkBEEEREL) , KE KEFHD.

@ ERLELIVEREH _

SADKREEEhICARE X VI TEZ LK% Fig.2. 3. 1 kKpd, MHICERL 361 &
) — X, KREROHKARL, ROKE /v FrER (RE) OBERTHS. THRELX
BEBET—FORELLIBEE Y TEHNERAMICHREL, BEEL Y LAHEH L.

361 — 5~ 361 - 7TETCORERSEM%E Table 23. 1 IR T, RFERF »TiF 2 ~3[EDH
EAMAEENTITY, FRAEFNDNBORERBBBIVHEBORARMBEIHET L L%
Mo too ENEGI6mm AEROPWRORBERICHNY TS 0T, chiD/hIuBERED
BEOREBENET I LILLD, KBREEASEEIE, 27 VAIREE LAY - R -
AR, BEEREL
B ERERBLIUEE

Table 2.3. 1 K ZERBIAE SN BHEZREEOKRGHE L ERBEOBEEDORESS
heTRLTH3. DNBOFEEIFHEO TIE 361 —5 — 1 DHEBRE [15cal. g~ UO0, Tid b
LAA, 361~ 7~ 1D82calg-UO0, THELTED, KAREZVWTFNONEOREE T
HA00°CAEBZ TWb, 1271, RBEBRNAKDASABEENEL, DNBEEALHSWITLE
sy, LEMRIOAIDPNBCRBRBRTHLSLEERLS.

KB OEEIZ36] -7 21BN TENSEERONEY, BRABLO G U-7ODT,
PAELREA N, HEOEBE 361 -6 —1%245&&F L, 140cal /g U0, THEZH
KNDNB# 1.8m/ sicBWTHALEGT, 2Tm/siKisEHATORL,

BRI T BB NT A — & DRI, Mik0 TR 361—5—27T235cal g U0, TH
BLTWS, FLERILSmm TRACEBHEOSELICLZENDEERD O PEIEET,
EEBILDATH - . BHAI 204cal g U, TTHRVWTFNOERTOLHRIEBMNR SN TS
+, BEL & 0 EE 204~ 235 DMIRTNTABEERL D, S0, REEHH LS THEN
Eoflick »THT, HBREROWPICIABRLEVEOER FONEENEVLEES T LH
TE 5,

HHOEEE 245¢al /g U0, RBOVLT 1.8m/ s DESHWE LTV 34, 2.Tm sDEEH
BLTOHEOEOSBRTH 7, 272cal/ g+ U0, T/ 1.8m s T, WTFHhOERGRERAK
EAWEME UL, MEOHE, FEHEOHEORKE Fig. 2.3 2 TRd ., ik L8m s
THHLAGEECRALEBORLES JUAREORBERONZBER B ENH S,
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2.3.2 NV FALEE
(EEE)

(1) #HE

AERTREERF Y FLrOBEHBEHLH L%, 27 L@ (SUS) %ED
HEBAMEH L TAAENO TR A FPLEMmk L, SERET v 2EBE Lic, 2v»v Faust
HERFig2 3 1E8ReEE80T, RBEPOKBZEISLHITAELRATEEMEH LA, ©
FTHOBARICLPLICIZNBE, REICRIOSEDERBEOBREZH . RAROH—tEX
- 1,

(2) EBRAHBLIUERRME

TACHEEBICED Ny FreMiild, FRRBIC 7Y v FAR-4ZHOTHRERD L
fro EENF A4, RBEEROBRM Ry 7ENTERET IKAEE, BHEEA~N) 7 4
HRAOFREENHSHS (Table2.3.2) « FHEN 2 ~3EOBHICLIYVDNBROLEWES
FUBEOL S WETEE - /2,

(3] EBERBIUEE .

WHERBLOIBSODNBOL 20l 13#83cal /g U, LB THSWITHKEL THWHI &
Mo, CHEPS FTAEGEERELSS. COLEXOARBESBFMEL AT THELT
Fig.2. 3.3 KR T. AL DNBEZRLTED, NATDAPLVEZEHOLAKRER FAER
LTwa, T, HEIm sOMABEOES30-6 - 2NEEMSDNBL FOEL 167~
182cal g+ UQ, DRI HBEREEH B,

—F, BELSFOEE, FEIDOHETIZ 195~ 212cal, /g UO, ERE L T8, ANH
FETH 200~ 217Tcal g~ U0, &cRESH, HFELERA SN L0, H#E L4 s H5 L 5 &,
METI3100cal g UO, M LR L TW3,

BYHELORBMBOESOMATL A AATORAMEESABOLK%: Fig.2.3.4iItRd. 0wTFh
LMERABLBROCTHEBBTH-FATHELY, RARCELXERIKALNETFELERNR

BT A BEENTOZBLHE T, 3.0MPa NEDES, THEUTFTLOHEELDT
v, 350—-6—-3BLU3B0-T -3OHRICIABRERLNS,

Zh5360 ¥ ) - XOREFEH-OMFIg 235 THSH, DNB L F#EFEBERKD
WBRLZIOITOIN, BERLEVEIHAE TEEENLVLE LS. HIKIRMBRICHETH
he— @it T BB vy L OB LT LT, ~RILLABEELELTHALESC
EWTED,
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Table 2.3.2

JAERI-M 91-130

Test conditions aﬁd results of 350 series

Encray Coolant Coolant Rod Hax. clad
Test No. | deposition velocity § lemperature | number Others temperature Remarks
(cal/g+U0z) (m/s) C) o)
350-5-1 €. 118 0 {226 { 0.b. 6.5 mm 610 [NB
0. 109 2~T 0.Dp. 6.5 mm a10 - Minor DNB .
5-2 C. 298 1.3 [T—+32 1 870 Oxidation and bowing
G. 275 2~7 700 Oxidation and bowing
350-8-1 C. 90 0 18—20 510 ONB
0. 83 180 Minor DNB
6-2 C. 182 1.5 20~+32 315 Miror GNB
0. 167 100
Pressure (MPa)
6-3 C. 283 1.4 26—143 l 0.1 - 1205 Nxidation and bowing
0. 262 ) 3.6 0.1 820 Oxidation and bowing
2 0.5 Oxidation and bowing
1.5 1.5 885 Oxidation and bowing
T 3.0 Crack
Energy Coolant Coolant Rod Hax. clad
Test No. | deposition velocily | temperature | number Others temperature Remarks
(cal/g-U02) (m/s) () Ty
350-7-1 C. 125 0 20—23 fexagonal S60 DR
0. 116 shroud 600 NG
1-2 C. 184 1.5 2136 100
0. 170 105
Pressure(MPa)
7-3 C. 281 [.4 25-+48 [ 0.1 730 Oxidation and bowing
0. 269 3.6 0.1 520 Oxidation and bowing
2.5 1.0 810 Uxidation and bowing
1.7 3.0 Crack
350-8-1 C. 95 0 . 14—+59 Hexagonal 480 N8
0. 83 shroud 500 DNE
Pressure(MPa)
8-2 C. 217 0 2337 1 0.1 1330 Crack
0. 200 2.3.6 0.1 1220 Dxidation
5 1.0 1230 Oxidation
4.7 3.0 Burst
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7 rod bundle (350)
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]
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~Pump

N 2 | |
9| ™ O ﬁ ~Densi-
: meter)
[ e ]
1-96.5 / _ AN
6-26.5  g¢ RN (Flow =
> = -g/ ot meter)
7rod bundle (350) [T ]|| e
( hexagonal shroud ) »
/‘r
M~ 3
g Pat
g
| AFlow
< meter)
B

M@T
@

y
Single rod x 3 (361)

Fig. 2.3.1 Configuration of tigth-pitch rod bundle test
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2.7m/s 1.8m/s

Fig. 2.3.2 Cross section pictures after Test 361-6-2 with fiow
shrond of 13 mm ID
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Round shroud
83 cal/g - U0,

o 0 1 1 ] |
2 10
=
2 Hexagonal shroud
g 88 cal/q - U0,
= 500
0
Time (s)
Fig. 2.3.3 Comparison of fuel clad temperatures between two
kinds of shroud in 7 rod bundle irradiation tests
] 350-5-2 Round shroud
500 V=1.3m/s, 275 col/g -U0:
£ ol —
- 0 ! L ] | 1 i t ] ]
® 0 5 10
> Time (s)
=
& 350-7-3 Hexagonol shroud
& V =1.4m/s, 269 cal/g - U0,
|,._.
] ) ] I L J

Time (s}

Fig. 2.3.4 Comparison of fuel clod temperatures between two

kinds of shroud in 7 rod bundle irradiation tests
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2.4 Rk AR KR

2.41 REINRCER
(HEEfE)

KENR C & o EFRE DL (SN, GE (€47 0202 b1 yh) HEOKAR
KosswaEBRITHbAL, Chid, 88 BWRAHEEH (B~ ) v RU D0 =y
74 F (BB ORIAMICETLMMMEREFGEET>ELENCLL 0T, XBER
i, NESATOS (F, B mﬁ%&ﬂ#?mtwéfw:hﬁ%&ﬁﬂﬁﬂmﬁﬁé
%", JAERI-M 8836 (1980))

COHER 501 — 134, Aﬁ(wBBWR)wﬁmm%%ﬁmmm$%%ﬂ«%caéaﬁ&Lf
GEﬁﬁwﬂ%kbrﬁﬁT 434cal/ g+ UO, THNVABRLEGDTH B,

%r%ﬁ(5mwn,MJT@%HtTﬁ®&ﬁtw 7 EMASHic A i va (CHR
£BENT VR, 20, GEBEBEOAYRBHAI0w o0 DEBNL .y M OLTHEE SN,
ﬁ%NSRRﬁﬁ%LT*kNwN(IVF&VV%C%%&b,h%ﬁ%LfinB—%

%TH%&C% HERNFBRE A T AR EEHENBEN ST, #27T, #KONS
RR&@%M@%LCﬁﬁ65tb,%H%LT%%K¢%%&WHT5J AE LD AHEE
WhESDTHE. Lol, RERTRZO CARERNL OB ELHE L. JRE 394
cal g+ UO, DB AT, # 72K T0.5MPa, # 7 P T 0.3 MPa®FEF1o8 0 2
kB ER (BAEE 5.Tm sec) Ao, BERBHIBMTHLTED, RBEOK
WilE i < Lo B TRAE LEF To - 7o TG CdREBV LETERTE,
by PEBARICH, THETMBER L T Lh~3s, BRRRIGERSE LT,

242 PCIMEUBHER :
| CCHEFOR)

1 B

%mM%m@Wﬂﬁmmw&mwétaTH FELTHE A s v 2 EDBEDN D,
m%% AL DSBGE DB T H 5 Wﬂ&ﬁwmmjamjaf ww%mW%ﬁmﬁé%m
ﬂiﬁ%ﬁ.ﬁﬂ%n@&ﬁmmqﬁ%}r‘u‘j%ﬁtn5@ﬂi <R b —BEEEMAEEA (P C 1) EFP#
ZMMT%%ioﬁéé@.%w&ﬁc@mﬁéwﬂivlu/amiq( Touh oA B
WA 35 A0 L, HERICGRKOREDS AL B AICLENS 5. KETH, B
FEFICMME L FPOERIE - T, FIAREREE TR Cs A BRARICHEY -%%L
R L HETEERS (Rr7FaAvy) s ds5E, itFPﬁz@&ﬁémMML
BHEONTAENsSEidsc &, 4 &c:uﬁ’mb)aa%“‘” o
L OMEE LT, B AL b BRI, K< ME GER 1w o BT 0REI#HEUO.
PRI BRI A - BERS S AT, B oMY E (Plasticity) 7 U — ZEA ARy ICH b (P
ClAER) €720, HANRAMMILZETCFE P ARHELLRE (WEHENS- X7
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A Y TEBIE) S€LDTEIELBRINTHE Y

ChomRmEIADBEOEY B tic o TR, HENIKERFEICL ZTE S HED
TdH B, —F, RIADBA»POLELL L, #BHEDICENE AN BEHUOME OREM A
FHas (BH0~80°C) BTHDL, TREMALNMSLORKNTHELBETCN Y714 >
VEZFEISEINEESLOCEEE LNV, T AD, COHOBIIE, CHAETRI AEE
WERINAHMEL, FOFNILF0RBL OP > T b1,

Z 7T, Table 2.4 1 WRTHERENNEES L 8 x 8 BWRAIMEICMET 2R [ AFBREEN
L, #0OHFHNSLZ2F0NEHOMC LI, B, COERREB, 12V TETHREBE T s & F
B2 (ENEA) RUTY I AFUGLOBHCESC DT, FHE LTRELHFRE LT
FhE L7,

(2) =&

WOREE I8 < 8 BWR BB E LA, BEEHN 10w/ o THE%, REGHEAREAY
135mm Th2d3EFHER, zoHEMSEZFTR TS, Fig. 2.4 143, E#EABEEORE TH 3,
Aol o@Esg, KildaE2B8HTRMAADEBYE (740320 —F) RUEESRD
ML TH B, Table 2.4 1K RTHIC. RMAADBEIENML-TITE 2HHOREGHL R
UBEEELL, dEHRicHban (Fb. HA, LA, HB., L B#H) .

INLHMERB OB AT LA T —EEIRLALDOH Table 2.4.2 TH B, TH 5 DM THE
OFHRICERBILON, REPHREEFELE - TOI0PRETHS.

NSRRTOV2REE, TROHHOBRELIOCEIEEA 7 - X 2 RUBEN T 2 0 F
—FE L FOETENGHELEHNE Lz, BIBICHETIERTHE, 3ACELBHELR -
RMETHBHIC S VR TBHRERA L, HRODRI £ - . HECHETIERTR, 1 AD
wE LS RS (>300cal g fuel) TYAZRBMETIHRE L - /2. Table 2.4. 3 i,
ER~ PV I/ AEREBLABRTH S, SABHBEO Y L RLEBRTI8EO, TLT. 1 A%
B SV ZEBR TR 6E®, 4R, afndompgsftdsni, MivoERTR
Pt/ Pt—B3%RhOHEZMERMEHCHAESHFHIAE L LTH oW, BRFOE
Boid, KAE (MM 2 ¥F-RAEBOKACHEEZHE6D) . 47 v AL RUHK
BEAEHBENPH SR, :

F o, AR EEBIEBEEL JHEALBAL, BHESAR (PI1E) 21T/, #$AHO
#HugE (HH) 9FR, HERFEFOz v FeE—-7 (F—F% v 7 HEK 1.3 ) 2ROEFE
HTH - o

(3) #5HLEE

BB L X0, ERONSRREEBBEOBE L EWETH S 260cal g fuel &'V
TAENAEE 7o Fig.2.4.2 3, TORMBETHE. HOLBEE, oFNbBEL S HEN
260 cal g fuel A TEIS WMo, Hicd, EEAKEREBLAL v =0 A7 1) -
RO~ THEBOERER DL RLAY, FNoSELEELTHEMBADBEHOBEEAEL 3L
HRELCH L, EAHEBTRT, #HaFodm -mlicERLZb0TH - /.

CNEFTONSRREBAOHOMAZ OGO EHBE LTS, BBz s v F—-0iFERR
AEBTHNT0.0041% (HERE 001 ~0 1%+ > THE D . TOEEFED -2, Fig. 2. 4.3
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FBEBPOELCERAENZ 70y b LAEBDTHdE. ZORILL L, BNBIADEBE D SO
CRERAEEREEBIETERL NV H D EEbS, '
- Fig.2.4. 4%, PIEACHBIEBEHEBEOKAEZERLXREBABILHY LT TI s P LAGDTH S,
HRMBOHMELIT, BESITR~NL .y P EOBBHIIHEER (PCM1) #54L, FEH
KELWTOCHETEIDHALL., 2OEMEREZ, HEEOHFRMSEHEFITLS 300calg
s fuel T THEIBEIEHML S,
4 &5
O HAMKIEESR (STD) #EOE L X WEE, 284cal g fuel 2 TEST, poHEIT
@BWR%HQ%n&%@Hﬁ%T@nKOHBﬁﬂfﬁ.ﬂMmVﬁﬁml%ﬁit%ﬁ%
T, MEHEBEECOSABEETAHEMSELC. HB#BHOERLEWER, HABHOEH
L osEhitEh-7. TR LTS, 260cal g-fuel (R T ARMEM) 2 TESHFEE,
EDBRBRIC B E L o ' .
BN T A F BB L T, EEBEENS RREBERBERIC, FELEETALN
tiin- foo : ' :
MEBECHERR, RABOENI LB RLL., RAEBREEER2.6% T, HBEBEEIC
L2 DR ' ' '

& %5 Xk

(1) Vilpponen, K. 0., F¢rdestrommen, N. T., Svanholm, K.,‘MinagaWa,jY.:
TWGFPT/8, (1980) | |
(2) Holtowell, T. E., Knudsen, P., Mogard, H.: Proc. ANS Topical Mtg. on
LWR- Extended Burnup, Williamsburg, Virginia, USA, Vol. 1, 4 (1982)
(3) U. S. patent 3679596, July 25, 1972. '
(4) U. S. patent 3826754, July 30, 1974.
(5) Davies, J. H., et al.: Proc. ANS Topical Mtg. on Water Reactor Fuel
Performance, St. Charles, Illinois, USA, Vol.'l; 230 (1977)
(6) Davies, J. H., et al.: Proc. ANS prical Mtg. on LWR'FQEI Performance,
Portland, Oregom, USA, Vol, 1, 270 (1979)
(7) Rosenbaum, H. S.: GEAP-23773, (1978)
(8) Rosenbaum, H. S., et al.: Proc. ANS Topical Mtg. on LWR Fuel
Performance, Orlando, Florida, USA, Vol. 2, 7 (1985).
(9) Nucl. Safety Comm.: "Evaluation Guideline for Reacticity Initiated
Events in Light Water Power Reactor', (1984) '
(10) Hoshi, T., et al.: JAERI-M 8836, (1980)
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2.4.3 hENESEER
(4472 f0 )

) % :

hze i, PEEBEEEE L TREPCBETFLBLOBEFESMALCEBTSE, £
DEER, MERALESPSETTRETEFPAZRBBPERENBZEEL LN TS, 351,
HEhREIc A E S0, BEELATMIhL5BLNBERN IR PTELELSNT
L\go(n

L of, HEABCENERHFERIBNERBEOSL I EFVIKETITRRIELIBALCE T
ETnD, ER, S -7FETER, PWREUBWRESLIC, TOFERBMMEHINT
L\Z.JotZ,S)

—7%, RIAZHTT, cothEmidsf- o7 - g T, RIARBHLOXWLLS
BNTHNAD, BiZ, RIADKEUEHRFR T, BRPERCEETLI2EREAE~NT 2 4 H 28
BEBEBEEORE WAL 2BBYAICNICEIERWBEOHMA K, Mo5h0oEEERIE
FTEEZLNTA, COMRE, EBRH LIRSS i, hEBREOREL I WEPHERMET
%25 260cal/gefuel # THEHLL L EIDLRIETHIEE LI,

(2) k& "

Table 2. 4. 4 I RTHIC, DEBRBRURERBODIERBREO 2 EEOME £ FR L/, haE
WEHI 9.29mm O AR T, Fodhiific 3mm OPEABEES L TH5, —FH, PEERHA
9.29mm D4R THEHY XL, PEREG, BHFABOBBBANTL ESHMMAILL OE
(MAFE) 2HIELT, 0.1, 0,306 MPa &vv» i 3EEONEREIC L. —7,
kel s, JEMA 100% He REHREOAE L f2,

Fig. 2. 4 5 aRTHic, BEBR3AHAEMNEL 130mme L. 205 5, HBRUERHMUITH
FheEh1 v F2o0naURUbw 02U HBEENTED, BOHI0w 00U THbH. BT
i, BETREHAENEHOKTH (Pt Pt—13% Rh) & L1,

Table 2. 4.5 KRTHIC, PERTPEBREER -FHRER L NV TRHRB VIR TLHK
TERAZRTLE. COVAERIT, NSRREEA 7 vz o BB 2 EMN « RF
L, APicTEBLA. vz, 3EHBERREZSEL. BHE®ER (PIE) €T
THEEAFERE L .

3 EBERLEE

BEBEOWBLETOMIE, NSRRELEBRHOWERELSVETHS 260cal g fuel &HE
Lto FOE%, Fig.2 46K FRT. I oD 0EEIK, DZEMREIT 240cal /g fuel T
QIR TH - foH5, 25lcal ge fuel T, MEECR/AD (0.1, 6.3 K%V 0.6 MPa ) i
WOEMBL . £7, 262cal g+ fuel T&EHEL .

Fig.2. 4. 7i&. 0.6 MPa 2ffE L, 251cal /g~ fuel T vz B L cpENEEEREO
WIERN AR TEETH D, BWHE, #ETOL{ NI L BRPROFEEEZEL T/,

Figure 2.4.8¢3. 0.1 MPa , 251cal/ g+ fuel T-¥/L 2 B L 7o thZE INIEH% BHEE O B4R
WA LRI EETH b, Wik, HESOBRMCLARABEOKMEEE LTV i
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Figure 2. 4.9, BRBORFERELRABICH LT 7oy b LELEDTHL. T L
D, PEME T 0.6MPa £TMEL AALDEMHTANEN (B5%) S<NEETLEFLH
2 7.

Figure 2. 41013, AT OLZHEE 2 RAFICHLTZYo v LD THL. HERE
1200°CUIFTOMAT— FE, WREETH LD, 1600°C ~ 1800°C TIL, J5A EDEH
cHE bEEE i BB EMSMB, UL, 1200°CH 5 1600°C DM TR, #EEOMER I
5T, WHEEEITE- 20, BREBIEE-Y, TEOBERE O TI2EEHLEN
BH S I 3 - Fo,

Fgme24n@.ﬁ%ﬁﬁ.%ﬁﬁ@&%@w%%(¢%/%%K$W5ﬁﬂﬁ%ﬁﬁg
7o, FTHB., chib, BEHEBECOMEZIT> L, HESREESEIMZ SN LM, 24
(7 xvF) BEIGRLE T ENBHS LN -,

W = '

N SR REHGEMBREEZ, 260cal g+ fuel LT THELLI,L>/, REETHWA06
MPa MEHZE#HEEOREEB L EEE 251cal /g- fuel Th -t COERIT, AT HEM
BOEERURASTORE—HE Lo E L 2RARBELEZRTLE, FELLOLEEZ
BRI, , .
CNSRREE#HOBEEL- VR, REOEMTHL. PEBHCREE-FE, MERIC
Gt~ TE LI, bbb, MELSALOERICHE > T, HEBR-OHERRBEHEICE/LL
oo CHEMERBOHEMICESHEBEESCNAECHEMICERLIZEDTH S I,

hEEE DL CNEE, DEBBECA(CNEBLDGE-RBBTRE P 12,

& 3wk

(1) D.G. Frankiinet al : “Performance of niobia—doped fuel in power—ramp tests ” . -
Nucl. Fuel Peformance, BNES, Londn, p141(1985)

(2 SMEHmEER L= Y LB CMOXBEOMRE ", BMBER 63, 37 (1987)

(30 Y.Natsuoka and S.Abeta ! "Irradiation performance of MOX fuels in MIHAMA
Unit 1", IAEA. Technical Committee Mtg. in Recycling of Plutonium and

Uranium in Water Reactor Fuels, Cadarache, France, paper 3—3 (1989)
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Table 2.4.]1 Fuel composition

”~ Linear intercept Bulk
A%dltéve Notationf grain size density
P (um) (% TD)

A HA 25~27 96.3

_ LA 23~25 95.7

B HBE 12~14 96. 3

LB 10~13 95.7

Non-additive  STD 12~15 96. 1

t A: Aluminosiiicate additive type A
(ALO;: Si0Q:=1:1)

Aluminosilicate additive type B
(ALO;: Si0,<1: 1)

H : High concentration (=1.6 Y5)

B:

L : Low concentration (<1.6 Y5
Table 2.4.2 Summary of fuel rod physical parameters
Sid High A & High B Low A & Low B
Fuel
Density (Mg/m?*) 10.53 10,55 10.49
Pellet 0. D. {mm) 10.41 10,43 10.41
Pellet length {mmj) 10. 40 10. 40 10. 40
Enrichment (") 10.00 10. 10 10.i0
Additive none High concentration Low concentration
Aluminosilicate (21.6 ¥,)  Aluminosilicate (1.0 %)
Chamfer rmmj} 0.74 wide x0.33 depth
Cladding
Cladding 0. D. fmm) 12,26 12,26 12.26
Wall thickness frmm: Q.81 0.81 0.81
Ileat treatment Fully annealed Zircaloy-2:%"?
Assembly
Diametral gap G.23 ¢.23 0.23
Active column fength {(mm) 135.1 134.9 135.7
Filler gas (MPa) 0.1 pure He 0.1 pure He 0.1 pure He
Pienum volume fcm™) 4.6 4.6 4.6
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Table 2.4.3 Summary of experiments

Deposited )ene'rgy

Fuel rod type (condition after wrradiation)y!

Na. Configuration ‘peak fuel enthaipy® et — o -
(cal/g-U0y) 5TD LA HA LB HB

{1) Triplet 213¢181> 00L( I 50L( 1) 101¢ 1)

(2) " 199169 002 1) 502{( 1) 103¢ 1)

(3) " 2514214 003(1) 503( 1) 051

{4) " 248211 Q04 1) 504(1) 106( [)

(3} " 267¢227> 005(1) 5057 1) 108( )

(6} ” 239¢204> 006 (1) 801( 1) 3011

(7 " 2840240> 007¢ 1) 109( 1) 303(1C)

(@) o 2784235 506( 1) 602( 1) 304( 1)

{a) Single 1921625 102{ 1)

{14 " 3554301 104(FRT/ME)

0y " 394¢335> W07 (FRG/ME)

1% w 21971867 008 (1) :

13 4 318¢269> : 302(FRT)

{14 " 393¢333, 088(FRG/ME)

t 1 Intacy,
FRG : Fragmented,

o Ifailure,

1C : Incipient crack,
ME ; Mechanical energy wencrated

FRT : Fracrured

Table 2.4.4 Characteristics of fuel rods used

Hollow Solid
1. Fuel pellet
Enrichment (w/0) 10.5,0.7 10, 0.7
Density (%TD) 94.3 94.3
Outer diameter (mm)  9.29 9.29
Inner diameter (mm) 3.0 -
Length (mm) 10.0 10.0
End form (mm) Chamfer Chamfer
034 wx0.14h 034wx0l4h
Grain size (pm) 10.0 . 6.0
2. Cladding Stress relieved Zircaloy-4
Outer diameter (mm)  10.72 10.72
Inper diameter (mm)  9.48 9.48
Wall thickness (mm)  0.62 0.62
3. Fuel rod
Diametral gap (mm)  0.190 0.190
Pressure (MPa) 0.1,0.3,0.¢ 0.1
Plenum volume (ml) 7 3.7
Fuel column (mm) 90(10% ?) 110¢(10% *)
+20(5% ) +20(0.7%)
+20(0.7%)

? Ennchment.
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Table 2.4.5 Outline of experiment

Experiment 270-1 270-2 270-3
Deposited energy (cal /g UG,} 262 258 240 236 251
Fuel rod number G12 E12 G13 El3 G11 Gl4 Gls
Fuel type Hollow Solid Hollow Solid Holipw
Fill gas pressure (MPa)
(helinm) 0.3 0.1 0.3 0.1 0.6 0.3 0.1
Instrumentations equipped Cladding surface thermocoupies
Failure(F)/no failure{NF) F F NF NF F F F
103 '
7 Cladding thickness
0.8
) Frelrod
i2.26 Cenler of fuel idenlilication
//_8_ slack length number
1/3 I_O_‘ - # S [ Jl: - A
M
15 f 135 13,5
2078
Bottom 2485 Top
(O Zircaloy-2 cladding, @ Top end plug, & Bottom end plug, @ U, tuel pellets
8 Plenum spring (AISI-302), @ Spring adaptor, @ Spacer {All Unit: mm)

Fig. 2.4.1 Drawing of test fuel rod
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5 @ ' 23@ 55)
|

— _ 2

B

! 40.3 J 325 Active column length: 13C

. . - Y RS
..... RENEH P ) R R T eI
i {

50.5

ROD TOP
Measuremenis

are in millimetres

(1) Top end plug

Plenum spring

Spring adaptor

Magnetic iron core

Disk .

Fuel pellet (10 w0 enrich)
hollow -

POOO
sielSIcIoNcN

Fuel pellet (5w enrich.)
End pellet (naU)
Zircaloy-4 cladding
Spacer

Bottom end plug
Adapter

ROD BQTTOM

Fig. 2.4.5 Longitudinal section of hollow fuel rod used in

the experiment
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2300 —— T T T ' ] T T
- = Hollow

ORIENTATION:gQ°

o
8
T

W
o
S

800

300

Cladding Surtace Temperature (°C)

Fig. 2.4.11 Measured cladding surface temperature at axial center
vs. irradiation time as a function of initial
pressurization; energy deposition level was 251 call/g

UO2
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2.5.1 HKEEHR

(1) #&%

FLEEER BT, FLOHEBNECSE, B LLBENPLIIHMEECEDES
EICHELT, WhRBEF7 )~y FEERKTZ . cOF7) Xy FitiE, BMEMLALER
M—xtF 7 1) {Loose Debris) & FHEEBIC L » T—B/E# LIEE L 2# & 774
(mmmmD%nw@Zﬁﬁﬁé%u?7UNvF%ﬁ@ET®,?7UNvFﬁﬁﬂm%T
HEPEIDREBEROEBEZFELATIEELREND 1 2TH B, T O, FilAE TiL, -
REFTI Ny FEHOTERET L, F7UINy FOFIA T2 b EBCBEZE7T)RF
RERVEGHIZECEEL B~ £h, ~HERShAZEST 7V OEKEREC &R, 77
Iy FORGHERESERSOBEEHL M TS LTEETH S, SHE, WBLE
UO, <Ly PRETFODEEBE (Zry A RUZF v LARF) 2BALTF7 U Ny FERK
L, cheE -y MBRUEMBICLIDAEL, &5 770K A,

(2) FEEBRHE

PO ZRFT )Ny FEAERT B HEREE IR, LU0 <L v b MK &
CEhBuwk e RERH L. COFERBEAE Fig. 2.5 1 KRT LD, ABZmmDSEE
OHEAEBACESIH 100mm FTHEESE, CohiewaBTEMHE N LRI RER T~
LA OMEEZBEAL, 70~y FELic. fBLAUO, XLy POFEREFE61Tg TH-
ZOFT) Ny FhoBEER, Qikprlizxsic, A% lmm © - 2BHFHICLD 7T 7
ANy FOAULERITH > T5 M. REAL S SOFI0/[RTHRALLE. 7T )~y FiE,
Fig.2.5. 2 LM £HiK, BRE- 73 BAAKMBERICND, IS CEBEH I 7w vAIKK
WL, BB, 3¢5 7Ny FEREFHREAIOKW TIOHEES L TREBEBRIELIT - 1
%, BRe—- 7L s00°C T TRELRSE AN ABHEIT » .

(3 ERMBRRUEE

RAMBEEABROEBEEI™ 1cal /g UD,/ MWs T -, T /. X EHREFEOEIN A
i3 87.5MWs Td ot BEREOF7YN, FOBETA2 Fig 253 kU254 rd. AXIC
HLAB LI, @BFRBRU—HER]L TOAd, U<l yv POBBIFICEE LA
FEABRLNT. BEFTVDERE - e F7 0Ny FREOEBERERG CHEYD
FTANTHBMUTLE > 727D EFICED S OMB2000CABATVWAREDEELOND, F
HGFTYVDOEERBABON A EHRELTE, NSRRTHEID LZEERAKD YA THE
Liticbhhbod, NAVAHENCIAENATORE AN /a< (1000~1500°C 2HE)

AT SR OBEEE I 60DUOMEN FORSAREELN b D EEL LR
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Fig. 2.5.3 Appearance of Basket after Irradiation in cohesive
Debris Formation Test

Fig. 2.5.4 Appéarance of Debris particles after Lrradiation in
Cohesive Debris Formation Test
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3. BEaEN T LER
(AR B3

1 £ =

EREHEE» CORCEFRIFONERRBEORERHORWZIT D i, IHETE
SEEFEA T erFACTSHAOEREEB L. CNODERRICID, ZBRHORFERD
#¥1220cal /g UQ; OBATHR, EBRVMEHTORNENARERS LEBLES (RALE
D L15MPabl k) TRERSHBINERKEELRIET 2, RESAREET LRSS
& (MAFEZ D 0.35MPallit) TREAWRBETIOEEBERECLVIEBM L I -7
T, MESAFARES THIEARAABRBEED Y L 2 FOEREE 1 /T4 EECHDS
LT bBERFCEEIRTOCEBEO TR -, S8, EROEZGTORNAL S S
Big RIF T E8 42 S OICHEMIKANLI LDOERRU 7V 2 HOEEEZEIE0 & LIS
SOMEEHEARLI L OEREERL 2.

2) EBA®E

BEEEFEH e ER, BEMESNE 13.6MPa, BEMEBE% 320°C & LT, 228cal/
g UD, PREBABATIEREZEBL L. HBETR, AEH20R 7LV HMOBRLE
AL3AORBBEBELL 7w hcEL CRABREBEH L. ERCET2ABRBEEORE.
WEEXREEAED LD ORBENOME, RUEERELN 72V DHE £ Fig 3. 1 KT T,
£k, ChETREHLAEZRLSY, SERBEEOZTE BT 2MIE, BHAHKOREA, &
B DEBRSME Table 3.1 KR T,

(3 EREBRNRUEE

AERBHER AT - - RBMEEOAE % Fig3 2 ItFT. ERVHEHETARSAEEK
%< FOLHARMBEE (3.8MPa) T, RBFL2ATEASEL, HICRBRETH TRER
MIENHAE B AERE4RL TV L. BEQESEUATOREROEN R AR T
ELTHBOHIBTH - REXNAELZET LB 2 RABRBERE (0.77MPa) T, ZE—H
Ak XxEN (BAK10.5%) AREBBEEKICHhI - THEU TV, BWREED /. 713
LAMOBWEAO L LARBRBEETR, WEALAECIL2L S BETEASEL, BhsK
XL - HEATREREBITEL TV AN, TOEALFLTHVBOAZEETE > T 1.

Fig.3. 31, SEEFEEHTTOMEREBEORBOEES, ASESEEH T COMBL
HELELDTHD. SERESFEEGETTR, 1 2ORABTLHLERFIEBL T, F
BRI, REFEEBREGETCOMESREBEORNATEZCHTIWBLEVEEBL LE&HT
DHEPWBBBELCL TS EMbM5,

ERVNMEU TONAFEZORL A XBRBHNBOWEEERORSBEED LB 4 Fig. 3.4 1<,
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T4, HEETOENOEFELFig b ilrnd. AFTOERBERLORALEZRTGF v+ v 7
BEEOME,»S, HEETEAOSRSBERIAATZOWEB L 2 EEFTRNMEL, £/,
BARBAEES B EMNELMICE - TEY, 2HOHERLEROHABERLTH S,
FLF LFOEEABRD L-ZRBHBOEREBH O TE, ERVMEHRTORESA
FEaRELTEH Tz, BRBELVOEREHIENTIDRZEFTIEZLN AL -
B, SR LFATFOBERMAEFIFORTACEICE ST, v+ afloaEEL /25501
1 /4 ELFBEERBELTEABSETENL TV, $h, SE0RBRTEL OUIEZR
MIAFIE > OB HERNAETHD, EERNERFTITH S,
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Table 3.1. Test conditions of the pre-pressurized fuel rod tests

with high pressure, high temperature capsule.

' Pressure
Test Energy Coolant cenditions . )
: . Test difference
No. deposition
: Pressure Temperature fuel rod across cladding
(cal g+ U0, l
(MPa? {(°C) _ (MPa)
He, 0.1 MPa
- -159
{STD?Y
1202 220 16.1 3056
Xe, 0.1 MPa -15.9
He, 7.1 MPa -2.2
He. 0.1 MPa
-14.9
(STD)
1208 220 15.1 300 —
He, 7.1 MPa ~-1.2
He, 8.6 MPa 1.8
He, 0.1 MPa
~-11.9
(STD)
1209 220 12.1 283 =
He, 7.1 MPa 1.15
He. 8.6 MPa 4.0
He, 7.1 MPa ** ~0.0
He, 5.1 MPa -
1210 215 13.8 296 (1,2 Plenum Volume) '
' He, 7.1 MPa 5
(1.4 Plenum Vclume) '
He, 7.1 MPa 0.356
He, 5.1 MPa 47
1211 212 13.9 315 (1.2 Plenum Volume) )
He, 5.1 MPa ' an
¢1./4 Plenum Volume) '
He, 86 MPa 3.8
He, 7.1 MPa 0.77
1217 228 136 320
He, 5.1 MPa 13
{ ~0 Plenum Volume) '

« 1 at inilial condition (estimated )

= 2 with pressure sensor
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Initial pressure difference : 3.8 MPa

Initial pressure difference : 0.77 MPa

Initial pressure difference : -3.3 MPa
0 Plenum volume

Fig. 3.2 Post-test fuel rod appearances in Test 1217

Atmospheric
HPHT  zondition pressure condition
¥
. 50r ® [A O No failre
=]
% A @ Foiture
4.0F A
i IS
=
e
= 3.0 o} LS ® @
bt
3 20r & 9
= Failure threshold under 4
atmescheric pressure conditio
= 1.OF )
= O @
0r - - - -
I
i 1 A ! 1
_ 100 200 | 300 400
Energy - deposition  (col/g-UDz} -1.2MPo
-2.2 MPa
<-11.9 MPo
Fig. 3.3 Comparison of failure thresholds under atmospheric

pressure and HPHT conditions
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| 600 calculated by NSR~T77
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Fig. 3.4 Maximum cladding surface temperatures as a function
of initial pressure difference between rod internal
and coolant pressures

26

[ A _ A at burst point

24 - O at non-burst
- region
g 22 | | A
G n
2 20} Collapse _;_Bollooninq X Bursl
— 18 - ' |
5 | ;
= 16} A
2 i / A,
S . 14f K
5 S T /
| 81 A a D
= 6} / A A
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o 4 /
= A

2t /,
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-2l ! 1 35 1 1 1 |
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Initial pressure difference (MPa)

Fig. 3.5 Diameter increase of cladding as a function of initial
pressure difference between rod internal and coolant
pressures
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4. BEREEN— THEE
AR

1 # B

NSRRTHE, FAEEKSORBEORBES+HPT v BBEREEN L TV 3,
CHoDERIL, EEASFOLNMEHOTTERSNTEY, HEHOBRE, REELE
ATEBRAGTSCEICLD, BEAIM 7 4 -5 OBKRBORBEHICHT EHEESHL
NTWB. LOLNE, Chom A - s ERTHEFORIMEZHEERT I LRA
Heets o, SESFA 7V RUBESEN - 7EHE LT, LhEFIGEOMRAMEHZ
BE L &ETEBAT-TE L, ChETR, GREL V- T7E2HACERTR, #HEKE
ETFF (BWR) ODALDKRMMERTEELASHETERERBL TS 2. 581, Chnid
LT, MEABETE (PWR) OANRNMEEFIHEBLAZATOERE 2RERL /.

2] E8gA

SEBE I IAX AOPWRED bDAFR L. ARHEOBEERINZ, BATOLESH
270mm T, DEFNF MO RELBEEL T LeMPa(He) & Ui, HBEBEOEBICH,
HEQBE EANMOFNFAESS L HE LI, HEBMmD Y a2 79 FERDNT .
BEHHMOFHICE, Y=y FADCRBHRCEEN £, 372 RBRBEHOEEK 8 2
ﬁﬁﬁ%ﬂ@ﬁﬁkq%ﬁwﬁH5&%%%%%@ﬁﬁ%ﬂﬁ%@ﬁ%&ﬁ%%ﬂ%@ﬁm%
DE AR B Fig d 1 IRT . |

3) RHRHERRUEH

Test No2411-1 OEBRTIE, BHMESH 12.1MPa, BE 287°CRUKRE 1.0m s DEHT,
HER MR T 306cal g+ U0, BRI - v 5 v v 20cal /g U, A58) 25 % /. T
B, RRMEEORSBEIEACRILL, PRETCR—HRBRILEORCESR onioh, it BR
BRI IR LS o, RBBMEOLERG, BETEFEREN (0.8%) #EL, #WAh
Mici 208 IE (0.7%) LTWi, £, BREBFBEISECHIISELTED. KX
QDI L 2mm TS - foo BEELDOBEADADREICBELREE C, BIOMERESH
£0°C FR L7, REBREOBED., RAKHRS L LHCAITHC. &S 1420°C 0%
L, - o
Test No 2411-2 D EETIE, HAHMES 16.0MPa, B 300°C RURE 1.0m/ s DFEHFET,
SER MK B 1 234cal Sg e UO, (MM v # v ¥ 20cal /g U0, 48L) 25X 1. TDOHR,
HERBE B RS TEAr L0 BRI T L t0Aa T, BEBEOICBEUBERELAS
e RBMEROZ R Test 2411-1 DEBROBES EABBEA S LA . BEEEE
DESEER, RRBERTINCTHH. HEROABRBEEOAB L Figd 257,
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SEHMENEZ LDl - T3 olick, SBBREBLEIEBENSELIZAREEEEL TV S,
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WiE L % il 260cal g+ UQ, % 300cal /g U0, KEALTWS,

PlEdo, GREEERSBEHTOEMESRORBL S VER, WEMOY 727 - LEDH
HILLHBEO>SNFORBLECVEZ N LERE, WHAMENICL L HBRIHE I
S EPHBICLAWFERATCOCRADODF LFORBLEVELLE T2 ERIERL T,
ADEEEBKEH (NSRREBRTOE®ESEH) TOWHEHLIWELIZIIEFEL L 260cal g+
UO b > Tk, SHOERTE, ABRSHEL2ETMELLAAHCHBEE L OH
NAHCLEBCCENTS, HWEEORE LRI/ 775 300cal /g + U0, Bl EDTRMH
BIHLTh, WHELSELAL--KbDEEI NS, £/, HEETOREOHE» L AEZN
TORBBRE OHE L & 0 EHid 320cal /g~ U L EEFREEINS,

SHiE, BREAPHOBEBANTCNELAZABBEBILL2EBLERL THW PETH L,
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Fig. 4.1 Configuration of Test Section and Measuring Tnstruments
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Test No. 2411-1
306 cal/g.UO2

12.1 MPa
287 °C
1.0 m/s

Test No., 2411-2
234 cal/g.UO

2
16.0 MPa

300 °C

1.0 m/s

Fig. 4.2 Appearance of Test Fuel Rods after Irradiation in
High-pressure High-Temperature Loop Tests
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BB TIRC L AP LB SRR, BERICE - THRHNBSERICLD, BEENKE
Sk - TRILL, BLLBIEBELEELAONS., COLSHRIILE - %, DHIFEH
ELRHADSENTHEBLAE S SBa, BILAREESEEABORFRIC L -» THREL,
BEEASENED 5 TRESELAONS, SRTEKERY ) - Xd, Ok NFELEERRE
FHUE L, BREBORMEDERNT L EENC, SHALHBEINLERY ) X ThH
Do

CORBY Y AT, COAMDLHITHICERLLSREAS T EB T, BR
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NS A= s, BACEE, BABEEL - 2BIEES, BEREOQLNEESBHBLEOR
EEEERCAKEEEL, CRLGONT A -5 1053 BBEORETRUZAEORE
HEHEB5,

AMiE SEOER (Test N 951~953) 2EML 7. EBEH S, RREROMEB L &b
Table 5.1 kK73, Test 95114, AZRUAICH I 2 RBBREFLEME LT, BHERD
HEBBEANSRRIEL S/ VAR BIEETHEN Lz, Test 952 TH, 1 BIHOABKAE
BT, RRMEEESE — s RUNSRROEHANERICL VKBS BER D THEER
BB 1025°C S TMBL, ABET-1. COEBRTH, WEIKLABBEORAR KA
BT B b MEME Z /. Test o953 Ti, BRESBICN T2 HEE O BLOKE
FRNB B, FHERE AR THERET - %o

2) EREZRRUHFITL

Figureb. 1 K ERAKFZOMB £ R T, LBHMEE, Table 5 1IR3 &ED, PWREDH
OEBRALLRBEENETH . ABTARER v Lz zRo B HEMICIO D
BXxhi, hhicEBBREEr0BBHic s ADhED Y I SR BATMSY, ToFHEATH
BHERNOERICFHOANTHIKERZRIBZ L E D KERTFHR ET 5, EBTIR, &
ERmEloESIc L 2BIBLRELL (TR0, $FERE -7 TE00~900°C £ THRBREA %
HEL, KEQ*RESBHLRETNSRROELTEEGICLZBMNBEHGB L. CORD
HEBESEOBEHAEE L, NSRROEHAN#EELZE - Mt sxad I THEALAAER, 18
~19W cm &M -t MBI D, HERERE D 1000°CLLECERL . MMBKRTIRG,
BEiHABE THOBHALECTCEABEENIcERBOKERAL, EEBHERLE2A L. BE
REEDHHA & LT, #BELEEREMNEAROCTHIEENERAORE N OM, FARAEAE
FRomaitE26HL 2.
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(1) Test No 951
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0B BFEHEIC D WT 2.4cal /g U0,/ MW-S &1,

@ Test ¥o952 KT 953

Test No 952 B VW THIT ENAWBEEXROREORME/LE Fig 5.21KR 7. WIbaEOE
b -4 ICLBMBADE, BMALHBTIZ KL OIEBERERRANOD R TERS
1025°C KE Lo CORT, E# (£56) CHOTERESDICALETBINR AL,
CHhiIZRBEO L FTRKEGUBHINTKRKEENL > THT LI ERRE S,

BnaBELEEBEREE LEIRENE,L -0, 2~308@LtBELERAEERBD LI,
CORRELT, BEBENED D CREESEABETEALy b LOMOF + » 7O K
KUERMHELC LT ED, HETOEE LA ICHOERICI2HBERNIARNICNLILED
EioLNt, FIT, HESOENOEEBLHE L 0HIC, Test No953 TRIEMIED A BER
BAEROCTEREIT-. AIEShAREEROREORMELE Fig53KRt. COXEE
THERCEMARLEE#REETOEF LRI EVY, HoMEeRCB EREENETL
TVWd, DT EhS, BMABOEF LAEEORTRHETOENLICLEOTRAN
LRI N, BHEICIIBEEDAEMICOVWTIHSCDAPEDHE T — FiT XD
MIKEARETFETDH S

Figure 5.41C, Test Na952ickl 2 EBRBEOHBMEBONABEEHERT. HEER. R6E
FEOE-» hBAHPRBMAETHECIDIBRBER L T, 2R CEIL Tos,
SBICEABEOBENBELEODLI>UHLVWEBEHERIED oL L - .

Figure 5.5 KEBRBICHE L - HEETRAARORILBE WM FRIF 2R T AmDEA
i, BEOGSVERBMETEABEERLY, BESHALRE-HLTVSE. AER, BRAD
SBALEKREGCLIOBAL TV, BEOSVHEAMETHEABEE LD, TOERA
HEFEFELV. S TRAGMCHEATHEOBABEESEBL LTV SE, THLRASOR
(ERIGICE > TRELLKZESEHBCHEFEFLLLDEEZ N D,

INSORBICED, 1000°C I ZEEHETO, BIABSHP2RBETICHT LR
BELRE. 8%E, BECRVEAEHEEBTOXREERTITFETH 5.
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Fig. 5.4 Post test appearance of fuel rod in Test No. 952
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Fig. 5.5 Axial distribution of oxide layer on cladding
tube measured after Test No. 952
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(kB B7F. 85 j=9)

(1) = L

NSRRTHIH, REEFHXOBFLENSHSOBHET 2R L THEST LD, &
BESTORI T2 v 2A0AEERTFT-TVS. COXBTR, EBA 72 rAOABEEO
EE#xr, )27 -7TE2NLTEHEEHAFICLDIEmMm7 c v Z®|ELT S, FIEET
BB BEORE, NE, AHEEHSEA S5 -5 & L TCUROER AT, SHE XT3 E
H L, SHEBLAAELBROBH &M% Table 6.1 KR T

Test No.600-27 Tid, FLOBHBIIEEOKEIICL O HEESBALL BB BAEEKE
DEARLIVHIBT A0 E I LEHNLENT, HBEZTHBAL BB+ ZEREHKP
TovzBEICEOME L, MEE, BRFANCEKRLERTATETH » oh8, HKRKEE
BEFE Y, FRiICLDREINT.

Test ¥ 600-28 i1, F B REMEED # 2 BAAL TOMBEPNEH2 LD OERTH 5.
BIRHICE M L 72 Test No600-25 i3, FIHOBRRTHEFTFOEMUEES LR xLOIKHL, &
BOEBTHRLIVSVWRBRBAE5ZU0, Ny FOBERICLIIHEREFHLZEEL 72,

Test No600-2012, AIMA 72 EHVAFBREBHOBMRRICE T 2RAELEILES
1z, Test Nu600-28, -25&RBOERT, 27 v L AHEBEBEELRHE L 12,

2) ERERRCELE

Fignre 6. | LEBAZOMB 2R T. WThOREBI I AERMLERUTRHRLLT, £
CRABBEARNd i, )23 -7OBRFREXN6cmTH O, <Ly b 6BOICHE
T5h

Test No600-27 T, FORBEORMAEI WS/ mBL I BHELTLKTMADT
st L, WBETEESES (391840°C) BEELH LT EEHEICH 180cal g+ U0, OF
BEA5 2, BECLIOMBLAE, 77 RABELEAFTHALTVE 7L I =y L OEARED
HS2BRIKEKTBAFETH - hs, EEHFHETERINLEDL .

Test No600-28 T3, FBRESBHEOHELFE L ioic, BRFOBSELETO IR
Mo He #AMTHEZWBAL 2. FHLLABREREBE, FBRABBLE TEDOX T VL
2B EBREETHZ. BBEFig 6 2RTT. COERTHE, ULy OEANIICESW
BABETLCLPEHNTSE S, BRBHOBHOBTFERECEE T L1280, BEOEED
ERUAHAZERDALZHOEBH 2mmO F ) v R EFEBRPRMAIICET 2,

Test No600-29 42, FBREMREBLAMOVAEROEABRELBHNE L TEHED, Test Mo
600-28 LEBOEZ T ALIBHEL, BERITHUL- T,
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@ Test N 600-27 N ‘

AERTE, Sz BH AR S ARBERAERR L -4, BEERBERLTOS
BFCTasd, ANOBUEOEET, 2THRAELLIILENCREREIVHIIETHEET
T »Tee MBRE, V72ENADELKDOMKICLDBE SN, BES TN TH L BFIE
Zahicd, BEHEIRBETITHAEDS LA, ATLTV .. EREOBEDSICBE &
o TR L o,

@ Test No 600-28

AEERTIH, Heﬁx¢TFBRi%ﬂﬁ®«V/b@ L CHEH T ABFHT 4 vl
EINhl. BEINL 740D oB oW BB EHORERNL LD E Fig 6.3 iCxRT. i
BEPOBERROLED TH 5. , -

(1) Yo zHhEl o BgmEE, 28, ¥ xEEMNE L 5. (Fig 6 3(A)

{ii) 0.005% %%%Kﬁ%%ﬁkﬁﬁﬂ6%%%@%@%F®Wﬁﬁﬁ%ﬁﬁc
(i) C.01%b BRLL BB S A LT A TAESICEBRITNS,
(Fig.6. 3(BD
fivi 0.015% EmGECHROH I TH28BRICEMDEY - THAE > TV 3,
| (Fig.6. 3(Cl) -
fv) o0.02% . BRiaalR - I BRI 5 A BT S,
(vl  0.03%: CORAT, BEBR T TE2ERNERL Th 5,

EBROBFEIEL, Ly b PERLTERD/NINPER U - TEEL T O e F 12, #
HMEOGREALEHEML, T732BDENE»ORALAKICL > TEBALL T, HEMD
O 2B HEETAIHNTHIZAERARCELPN TV RZAT Y LAHORKR (Ex#H2mm) b,

BOBRMPMICS S SNt bPREBBIELE TR, TORRICID, BESERBRL
THBEBELXWEI L IBEDOFBREBBECEHLSHERET S 12,

® Test N600-29

REBIC LD, Test No600- ZSGDJ:Ofaﬁ%%@ﬂdﬂt:faﬁél?BRE:%H&@T?E?’J7—&
WEBDRBBRIEAT /. AREBRCELIOBHLLBHNEOFPO r BREMNEICELD, N
SRROFETHESBNEABBRBORABITHET 2 LDORKERD . Lo L, BIKE
PHETH D, ChETOERCE I ZHHEBH o RTRECEVELE S - 0, BEER
HBHLEEL. : :
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{A) Before

irradiation

(B) 0.01s

(C) 0.015s

Fig. 6.3 Pictures printed from motion film taken in Test
No. 600-28
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mE$®Rk%ﬁT£5 BERLLTHE, w RORU rZHZTOIEHAER, LHAEEK
USHMAEZRMHAAENT S,
EHEFLVREENEFNTE L EREL THRESATSED, BEHL .y MiZD20TRERE
EEOLH, BRECOOTEHEELESMOBRI 5, BRER O OTRT I v hu=od
ZOBAHEHG, HEESECIOERMLTOS. i, HEREELTEIEEORET 2
LR F—FEEAREHALTO S,

HE, BAYS0 70753 v /25270, RBEMAERITHELZITO L& biT, SBOMFE
(MIMAE S o — Y, 70y b —F v H0OERH, EHTTL0ENS) OLDOEREHED
T3,

7.2 FPRETAINOCHRSIEE
(B #FoE)

(1 # b

S4B - FFPRETAINGZ, #EHE0 AN EGRELHETLIHS &, BEXERIARK
EAHETAEA L OBE SN TS, MELSVTR, ABF s ESVLRIHELE
HlL, ZOERRZ 7oLz JE—F - N18F (FI5) KHEL.

—~F, BEHELOVTREFVEZREDPTHY, RIMFARGETL TV, TTTE, *
FUY v ARSI T LRIEET->TaL ISV TTFHOEET 2.

(2) RRIEEE

NSRRNAZERTH, THEHEBRHELALEILICNL-TVE, LD, HRAKF
TIOMWA, kgUE TFMBEH L7214 14P W R B R D5, # 100cal /g fuel © % x BA %
gt qAMEL, FOBBPLEERCHBEOREABEHE 2ERL 2. KDY
FHEHE O Xx14P WRAIBK L, %IOOCal/gfuelGJ/*’JVZ,E!’%%?T%%UT:C&@?EE\?EL, F
OBEDLEERURETOREEE GIHEL T, BT -7 SHAEREET - 2.

o FHEADAHR, BEEOYESY, BFERRETOLNTERE, RURIAKDSw

ABFRBEEZETH S,

(3) FTE#HEE
Figure 7.14, #BERE 7o b LEBDTH b, M oab s, BHEEOCRREE



JAERI-M 91-130

HABHCEDH ALY v o 7TREREFECEATELL, B2y v /BB E Dy -7
T80 kB560THASEELILNS.,

AEFRICE S FHEHABEOF PA X MME GEMBEESE) ., 4BLUATH -1, T
DIER, EREBAEBXBOT ANV 7 F 7)) v b oBONEMBUEERITH & L —F L
T,

T " I — T l

LEGEND: FPRETAIN CALCULATION ON PULSED PWR FUEL ROD
{1)SOUD UNES SHOW THE FUEL PREIRRADIATED [( 2 ) DOTTED UNES SHOW THE
10 40MWd/kgU : FRESH FUEL
3 E T . Deposited .~ Deposited )
E 25 energy I energy
§ =100 calfg (
1
: ¢ 0 40
1500 BUMMIIGD)  CTME() s

Initiation of
pulse

FUEL CENTERLINE
TEMPERATURE

g
'

CLADDING OUTER SURFAC

500 - TEMPERATURE

' TEMPERATURE DURING PULSE (°C)

0 A 6 8 10
TIME (sec.)

Fig; 7.1 :Time—dependent change of fuel and cladding
temperature of PWR type fuel during pulse’
irradiation
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(B4R Bk, BEARK -ZE)

NSRREBlics TR, ORIAKER, @vv7 77 v 7y P HREU @F BREEX
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Table A—l Charapteristics of NSRR

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

(2) Reactor Vessel: 3.6F(wide) x 4.5M(1long) x 9M(deep) open pool

(3)  Fuel:
" Fuel type ' ' 12 wt¥% U—ZrH fuel

" Fuel enrichment 20 wt% U-235

.Clad material - Stainless steel
Fuel diameter 3.56 cm

Clad diameter 3.76 cm C.D.

Length of fuel section - 38 c¢m

Number of fuel rods’ 157 (ircluding 8 fuel-followed

control rods) :

Equivalent core diameter 62cm

(4) Control Reods:

Number : 8 (including 2 safety rods)
Type S Fuel followered type
Poison material Natural B,C

Rod drive Rack and pinion drive

{(5) Transient Rods:

Number : 2 fast transient rods and 1
adjustable transient rod

Type Air followered type
Poison material 92% enriched B,C
Rod drive Fast: Pneumatic

Adjustable: Rack and pinion &
Pneumatic

{(6) Core Performance:

a) Steady state operaticn

Steady state power 300 KW
b) Pulse operation
Max. peak power 21,100 MW
Max., burst energy 117 MW-s
Max. reactivity insertion 3.47 Ak (84.67)
Min. period 1.17 ms
Pulse width 4.4 ms (1/2 pgak power)
Neutron life time 30 us

(7) Experiment Tube:

Inside diameter 22cm
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