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Abstract

Several kinds of advanced fuel rod for light water reactors have been
developed domestically and abroad with the objectives such as enhancing the safety
of fuel at high burnup by mitigation of performance degradation due to the
extension of irradiation period. Some of the advanced fuel rods have been already
commercialized abroad. Therefore, it is expected that they will be introduced
also in Japan. For reviewing conformity of the advanced fuel rods to the new
regulatory requirements, it is necessary for the Nuclear Regulation Authority to
expand knowledge on the advanced fuel rods and to confirm the applicability of
the current fuel-related safety criteria that was based on data on the conventional
fuel. In order to secure the safety of high burnup fuel further, this safety
research project was conducted mainly at Japan Atomic Energy Agency (JAEA) with
experiments for high burnup advanced fuel rods under major design basis accidents,
reactivity—initiated accident (RIA) and loss of coolant accident (LOCA) conditions,
as well as analyses using computer codes, which provided extensive data of the
fuel behavior in the accidents.

The results of the RIA experiments and experimental analyses showed that
the failure limits of the examined advanced fuel rods with less than 84 GWd/tU
are higher than the failure threshold defined in the current RIA-related criteria
Failure of a high burnup fuel rod in the RIA experiments is depending on hydrogen
absorption in the cladding; therefore, new dependencies of the failure limit on
hydrogen content and hydride morphology in the cladding were proposed. As for the
fuel behavior in LOCAs, it was shown that the advanced claddings consisting of
different alloy elements from the conventional claddings with less than 85 GWd/tU
did not have significant change in oxidation behavior and failure at quenching,
which were important in the safety evaluation. The data on fracture resistance of

the oxidized, raptured and quenched cladding to external loading were obtained to
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evaluate the post—-LOCA long—term core cooling.

This research has successfully acquired technical data available as the
basis of conformity review of the advanced fuel rods. It is considered that the
current fuel-related acceptance criteria for RIA and LOCA are applicable to the
high burnup advanced fuels. Additional detailed examinations are necessary to
investigate the fuel failure at a low enthalpy and the rupture type failure that
were newly observed in the RIA tests, and also high burnup fuel pellet behavior
under LOCA conditions, because occurrence conditions and mechanism of these
phenomena and their influence on the reactor core integrity have not been fully

understood.
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Fig. 2.23 Axial profile of the amount of hydrogen absorbed during the test
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2.3 bR S
Table 2.3 Conditions of the oxidation tests
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RER T Rt RE K I ()
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OMFI2- 6~10 M5 1373 120~1800
OMFI2-11~15 1273 120~3600
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0ZIR2- 6~8, 14 fE, A X ZIRLO 1373 300~1800
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Fig. 2.25 Temperature dependence of the parabolic rate law constants for weight

gain of un—irradiated and irradiated advanced fuel cladding tubes.
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Fig. 2.26 Metallographs of the transverse cross sections of the high-burnup Zry-
2 (LK3) cladding tube specimen after the oxidation tests at 1273K for 1800s.
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Fig. 2.27 Metallographs of the transverse cross section at the center of rupture

opening of LZIR5 after the integral thermal shock test.
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Fig. 2.28 Metallographs of the transverse cross sections of the high-burnup low—
tin ZIRLO and Zry—2 (LK3) cladding tube specimens after the oxidation tests at
1273K for 3600s.
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Fig. 2.29 Relationship between the maximum bending moment and ECR for the case
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Fig. 2.31 Appearances of the FEM model and a sample of raptured cladding tube
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Fig. 2.32 Displacement histories in the vibrated fuel calculated with the full
model and combined model
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Fig. 2.34 Stress distribution in the raptured cladding
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Fig. 2.35 Maximum bending moment from test for burst cladding sample after
LOCA-simulated oxidation
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Fig. 2.36 Ceramographs of transverse cross sections of the reference fuel pellet
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Fig. 2.37 Appearances of obtained pellet pieces
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Fig. 2.38 Scanning electron micrographs of the pellet piece No. 5 after the

heating test
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Fig. 2.38 Scanning electron micrographs of the pellet piece No. 5 after the

heating test (Continued)
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Fig. 2.39 Scanning electron micrographs of the pellet piece No. 6 after the

heating test
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Fig. 2.39 Scanning electron micrographs of the pellet piece No. 6 after the

heating test (Continued)
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Fig. 2.41 Time histories of crucible temperature and FP gas partial pressure

during the heating test No.b
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F#2.6 ~NXbv MNNEGERE—&E
Table 2.6 List of the samples for heating test

_L‘ ML A ML -
SR A jj‘%fjgg IR
€02 -0.09 ~ 0.18 o HIRSHEE ¢ 25K/min
C04 -0.03 ~ 0.19 R TRLE—E « YR ) BB BReT
CK5 0.21 ~ 0.44 HIRSHEE ¢ 25K/min
CK6 0.32 ~ 0.53 Hh AR FHIREE : 200K/min
CK2 0.23 ~ 0.53 MR —E - )R ) BEREERT
G3 0.70 ~ 0.91 HLIRSHEE ¢ 25K/min
G7 0.65 ~ 0.85 A1 JE R FREE : 200K/min
G5 0.74 ~ 0.96 MR —E - PR ) EERERRTT
SG9 0.78 ~ 1.00 HIRSHEE : 25K/min
SG10 0.64 ~ 1.00 B oM EER FEHE © 200K/min
SG8 0.72 ~ 1.00 MR —E - R ) BERERRT
g HEIA
(-

o @ |

2.4 3 Wb~y b FERIRITIEOBIEX

Fig. 2.43 Schematic illustration of a sampling of a micro pellet

- e

2.4 4 BT 4 27 MBI E D
Fig. 2.44 Examples of the appearances of the fuel discs
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HEFE:1.00 Xt H1%:0.90

FA*T44%:0.48 Xt 1%:0.18

2. 4 5 FEHRIBUTEEHE O W A B H
Fig. 2.45 Transverse metallograph of the mother rod
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Fig. 2.46 Examples of temperature/pressure histories during the test

2.4 7 INEGRERATE OB OB GRUERE S : CK6, A -
Fig. 2.47 Example of the appearance of the sample before and after the test

ABRAT, A

(sample ID: CK6, left: before the test, right: after the test)
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Fig. 2.48 Summary of the FP gas release rates
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Fig. 2.50 Relation between the pressure inside the furnace during heating

test and the electric current measured by ionization chamber
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