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Annual Report on Operation, Utilization and Technical
Development of Hot Laboratories
(From April 1, 1994 to March 31, 1995)

Department of Hot Laboratories

Tokai Research Establishment
Japan Atomic Energy Research Institute

Tokai-mura, Naka-gun, Ibaraki-ken

(Received January 5, 1996)

This report describes activities, in fiscal year 1994, of the Reactor
Fuel Examination Facility (RFEF), the Research Hot Laboratory (RHL) and the
Waste Safety Testing Facility (WASTEF) which belong to the Department of Hot
laboratories. 1In the RFEF, Post-Irradiation Examinations (PIEs} of PWR fuel
rods irradiated in the Takahama Unit 3, a BWR fuel assembly irradiated in the
Fukusima Daini Unit have been performed. Also, PIEs of ATR fuel assemblies
and segment fuel assemblies irradiated in the Fugen Reactor have been carried
out.

To support R&D works in JAERI, refabrication of segmented fuel rods have
been done using irradiated LWR fuel rods for pulse irradiation in the NSRR and
re-irradiation tests in the JMTR. PIEs have been performed on high burnup
fuel rods from the Halden reactor and TMI-2 débris samples.

For the RHL, PIEs have been performed on segment fuels irradiated in the
NSRR, fuels and materials for HTTR, standard fuels for JRR-3M and materials
for nuclear fusion reactor. In addition, a monitoring test of fuel elements
in accordance with the surveillance program of the Magnox reactor of the
Japan Atomic Power Corporation have been continued.

In the WASTEF, leaching tests on TRU in simulated glass forms and a low
flow rate tests on glass waste forms have been carried out. The examinations
of alpha damage acceleration for the Synroc waste forms have also been

perfdrmed.
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[ABA 2nd Research Coordination Meeting on Examination and Documentation
Methodofogy for Water Reactor Fuel (ED-WARF-II)
16-20 May 1994, Karlsruhe. Germany

POST-IRRADTATION EXAMINATION CF POWER REACTOR FUEL
-~ DESTRUCTIVE EXAMINATION -

T. Yamahara ! and K. Ishimoto 2

1 Hot Engineering Division
¢ Department of Hot Laboratories
Tokai Research Establishment .
Japan Atomic Energy Research Institute
Tokai-mura, Ibaraki-ken, 319-11, Japan

ABSTRACT

The Reactor Fuel Examination Facility (RFEF) at JAERI Tockai Research
Establishment started its operation in December 1979 for carrying out Post—

Irradiation Examination (PIE)'of full-size power reactcr fuel assemblies.
As of April 1994, RFEF has carried out PIEs of 1l4 fuel assemblies and 32
fuel rods extracted from the fuel assemblies at the power reactor sites.

PIEs of the fuel assembly are classified into three major categories such

as non—destructivé examinations of the fuel assembly and fuel rod,
destructive examinations of the fuel rod and destructive examinations of the

fuel assembly component.

This paper describes typical destructive examination procedure of the

power reactor fuel rod at RFEF.
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IAEA Technical Committee Meeting on Recent Development on Post-Irradiation
Examination Techniques for Water Reactor Fuel
17-21, October 1894, Cadarache, France

DEVELOPMENT OF POST-IRRADIATION EXAMINATION TECHNIQUES
AT THE REACTOR FUEL EXAMINATION FACILITY

T. Yamahara', Y. Nishino', H. Amano?, K. Ishimoto®

! Hot Engineering Division
2 Fuel Examination Division
¥ pepartment of Hot Laboratories
‘Tokal Research Establishment
Japan Atomic Energy Research Institute
Tokai-mura, Naka-gun, Ibaraki-ken, 319-11, Japan

ABSTRACT

The Reactor Fuel Examination Facility (RFEF) at JAERI Tokai

Research
Establishment started Post-Irradiation Examination (PIE) of power reactor
fuels in 1979. At present, the most concentrated work at the RFEF is PIE of
high burnup fuels, for which the RFEF improved the original PIE techniques
such as puncture test and fuel removal procedure from a shortened fuel rod.
And also, the RFEF developed a thermal diffusivity measurement and a pellet

melting temperature measurement apparatus to response to new PIE needs.

This paper deseribes PIE techniques developed recently at the RFEF.

1. INTRODUCTION

data on fuel behavior [1].

The Reactor Fuel Examinatjon Facility (RFEF) at JAERI Tokal Research
Establishment has carried out Post-Irradiation Examinations (PIEs) of Light
Water Reactor (LWR) and Fugen (ATR) fuels since 1979. The purpose of PIE is
to confirm the Integrity of irradiated power reactor fuels, to verify the
appropriateness for the fuel design and manufacturing and to provide useful

At present, the most concentrated work at the RFEF is PIE of high burnup
fuels. However, the following technical problems arose with increasing

recently at the RFEF.

—122—

burnup: difficulties to determine the void volume and the FP gas pressure in
the fuel rod in the puncture test and to remove pellets from a shortened
fuel rod on preparing cladding specimen for mechanical property tests. To
resolve these problems, the RFEF improved the original puncture test
apparatus and developed a fuel removal equipment using diamond core drill.
And also to response to new PIE needs, the RFEF developed a thermal
diffusivity measurement apparatus by the laser flush method and a pellet
melting temperature measurement apparatus based on the thermal arrest
technique. The followlng sectlons describe PIE techniques developed

T T A P L TT St FIITRU [P T € L.
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PROCEEDINGS, 42nd CONFERENCE ON RCBOTICS AND REMQOTE SYSTEMS, 1954, Volume 2

KEYWORDS: cladding, hot labora-
rary, mechanical propertias, remota
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DEVELOPMENT OF ULTRA-MICRO HARDNESS TESTER

Teruo KUSHIDA, Yasuharu NISHINGQ, Takeshi YAMAHARA and Kiyoshi ISHIMOTO
Japan Atomic Energy Research Institute
2-4, Shirakata, Tokai-mura, Ibaraki-ken, 319-11 Japan
(0292)82-5111

ABSTRACT

An Ultra-micro Hardness Tester (UHT) was
developed and installed in a lead cell of the
Reactor Fuel Examination Facility (RFEF) in the
. Japan Atomic Energy Research Institute (JAERT)
for applying to Post-Irradiation Examinations
(PIEs) of high bumnup fuel cladding. By using
UHT under lower loading, it is possible to
measure ultra-micro hardness in very small area
and to obtain lots of data as hardness distribution
in the cladding. - : _ -

For confirming the performance and the
function of UHT, characterization tests were
carried out using standardized hardness test
blocks and a zirconium liner (about 70 m in
thickness) cladding specimen. It was found out
that UHT had excellent performance and function
and might provide valuable informations in
future.

I .INTRODUCTION

The Reactor Fuel Examination Facility
(RFEF) in the Japan Atomic Energy Research
Institute (JAERI) started its operation in 1979 for
carrying out Post-Irradiation Examination (PIE) in
fuels for water cooled reactors (PWR, BWR and
ATR). Recently , power reactor fuel tends to
higher burnup, so it is necessary to improve the

durability of the cladding tube, The hardness is

one of the useful phenomena to get information
easily on the mechanical property in the cladding
tube.

In general, Micro-Vickers Hardness Tester
{(MHT) was applied to PIE for irradiated fuel
cladding. However, this procedure needs the area
of the scores of microns for the diagonal length of
indentation and obtains only several points of data

across cladding tube (about 700 um in
thickness). Therefore, it is difficult to obtain
hardness distribution accurately for instance in the
zirconium liner of cladding tube. For this reason,
a method of dynamic hardness was adopted and
an Ultra-micro Hardness Tester (UHT) was
developed in the RFEF. This paper describes the
technical development of UHT and its
characteristics.

I.PRINCIPLE OF
MEASUREMENT

HARDNESS

The Vickers hardness number (HV) is
determined using the applied load and the surface
area calculated from the diagonal length of the
indentation made by a square-based pyramidal
diamond indenter with the face angle of 136

" degrees, which is calculated from the following

equation;
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4. Development of Ultra-Micro Hardness
Tester, Teruo Kushida, Yasuharu Nishino, Takeshi
Yarmahara, Kiyoshi Ishimoto (JAERI-Japan)

It is very important to get information on the change of
mechanical property with burnup for a cladding tube of a light
walter reactor {LWR) fuel. From this standpuoint, an ultra-micro
hardness tester {UHT) was recantly developed to obtain data
an hardness in very small areas with low leading at the Reactor
Fuel Examination Facility at SJapan Atomic Energy Research
Institute. This paper describes the technical develepment of the
UHT, focusing on remote handling and automatic coritrel, and
the characteristics of the tester.

The UHT is composed of a measuring unit, a conereller for
measuring indenration, a stage controller, a measuring contral,
and data processing unit, as shown in Fig. 1. The measuring
unit is located in a lead celf, and the other units are in the oper-
ating room. The reasuring unit is composed of a loading unit,
a depth-measuring device, a diagonal-length measuring device,
etc. The specimen is set and the objective lens is replaced by
2 tong, while the other operations are automatically controiled.

Loading to an indenter is accomplished by electromiagnetic
force up to setting values from 9.8 x 1079 to 1,96 N. Measure-
ment of indentation depth is continuously obtained by the dif-

General Raobatics and Remaote Systems Technology

ferential transtormer, and the range of displacement is from
0.01 to 200 pm. The value of dynamic hardness is determined
[rom the load applted 10 the indenter and the depth of inden-
tation. On the ather hand, the value of Vickers hardness is
determined Trom the load applied to the Vickers indenter, and
the surface arca is calculated from the diagonal length of the
indentation. The image of the specimen and the starting point
of measurement are observed by a charge-coupled device cam.
era attached to the top of a microscope. The value of dynamic
hardness is influenced by slight vibrations because the inden-
tation is very shallow. Far this reason, the measuring unit is
located on the stand, preventing vibeation by means of mag-
netic float, and is covered with a windbreak to prevent the
influence of ventilation in the lead cell. The specimen, set on
a specimen helder, is automatically fixed by a strap.

Characterization tests using the standard sample for hard-
ness were carried out for ¢confirming the function and the per-
formance of UHT. A series of hardness measurements were
carried out at 50 points acrass the zircorium liner {~70 pm}
of the cladding tube. It was confirmed that the data on hard-
ness distribution were obtained on a very small area. Also, we
obtained a good correlation between the value of dynamic
hardness and Vickers hardness. In the near future, the UHT
will be applied to the hardness measurement of the cladding
speciment of LWR fuels with high burnup.
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Fig. 1. Block diagram of the UHT. (Paperd)
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OXIDE LAYER-THICKNESS MEASUREMENT ON FUEL CLADDING
FOR HIGH BURNUP HBWR FUEL RODS USING EDDY CURRENT METHOD
(NON-DESTRUCTIVE EXAMINATION)

M. NAKATA, .H.AMANO, N. SEKITA,  M.NISHI
J. NAKAMURA, T.FURUTA, T.SUKEGAWA and K. ISHIMOTO

JAPAN ATOMIC ENERGY RESEARCH INSTITUTE

Enlarged Halden Programme Group Meeting
Bolkesjo Hotel, Bolkesjo, 30th October -4th November, 1994

ABSTRACT

The seven high burnub fuel rods irradiated in HBWR were transported to the
Reactor Fuel Examination Facility (RFEF) of JAERI in January 1991 for the post-—
irradiation  examinations (PIEs). These fuel rods were irradiated up to 62
MWd/kgl to study the kinetics of densification and swélling of pellets, and the
four rods were provided for power ramp tests. This paper summarizes the method
of oxide layer thickness measurement and its results.

[METHOD]

Oxide layer thickness on the fuel cladding was measured with an oxide layer
thickness measuring apparatus using eddy current testing (ECT) method, and
calibrated with those on the standard specimens with the thicknesses determined
by a metallography. The accuracy of measurement was *5um  The apparatus is
available for obtaining the axial and the circumferential distributions of
oxide layer thickness on the fuel cladding.

{RESULT]

The maximum oxide layer thickness in these rod claddings was 22pm, which was °
thinner comparing with that of LWR fuels irradiated to the same burnup level
The diametral profile of fuel rod is contributed to the deformation by Pellet
Cladding Mechanical Interaction (PCMI) and the volume change caused by the
oxidation of cladding. In order to evaluate the net deformation by PCMI, the
profilé data was evaluated on the basis of the oxide layer thickness data by ECT.
It was conclusively found that the diametral deformation evaluated from the
profile was overestimated,
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Fission product behavior in Triso-coated UO, fuel particles
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The behavior of fission products in irradiated Triso-coated UQ, fuel particles was examined by electron probe
microscopy, and the thermodynamic analysis was carried out on the fission products—UQ,~C system to understand the
fission product behavior in the coated particles. In the UO, kernels the precipitates of Mo; Pd-Te and Pd-Mo-Sn were
observed besides the Mo~Tc~Ru-Rh~Pd alloy. In the coating layers palladium, tellurium, cerium and barium were often
observed. The chemical form of barium and cerium was oxide, while the probable form of tellurium was elemental tellurium,
The calculated vapor pressure of CeO, was the highest of the species containing the rare earth elements, and the calculated
main Ba-containing gaseous species was BaO. The intercalation compound C,Cs was thermodynamically predicted to exist

as 2 dominant chemical form of cesium at high temperatures instead of Cs, MoQ,.

1. Introduction

Triso-coated fuel particles for high temperature
gas-cooled reactors (HTGR) consist of microspherical
fuel and coating layers of porous pyrolytic carbon (PyC),
inner dense PyC (IPy(), silicon carbide (SiC), and
outer dense PyC (OPyC). The function of these coating
layers is to retain fission products within the particle.
The porous PyC layer, called the buffer layer, attenu-
ates fission recoils and provides void volume for gaseous
fission products and carbon monoxide. The IPyC layer
acts as a containment to gases and the SiC layer
provides containment of gaseous and metallic fission
products. The OPyC layer protects the SiC layer me-
chanically.

The release behavior of each fission product from
the fuel is dependent on its chemical state as well as
temperature. In the case of UO, fuels, the chemical
state of each fission product and its amount arc strongly
dependent on oxygen potential, temperature and com-
position of fission products, The chemical state of
fission products in irradiated oxide fucls has been
investigated in detail, as reviewed by Kleykamp [1].
However, as mentioned above, the chemical state de-

pends on several factors which change during irradia-
tion, making the problem complex. Precautions are
necessary in applying the knowledge obtained from a
fuel having different composition and irradiation his-
tory. Especially, the fuels for the HTGR are coated
with PyC and are irradiated at high temperatures,
which are quite different from the fuels for the light
water reactors (LWR) and the fast breeder reactors
(FBR). In the coated UO, fuel particles excess oxygen
reacts with PyC to form carbon monoxide, which influ-
ences the okXygen potential of the fuel.

In our previous electron probe microanalysis on the
Triso-coated fuel particles [2-5], attention was mainly
paid to two subjects: the behavior of fission product
palladium which reacts with the SiC layer [2], and the
reaction behavior of fission products with transferred
silicon from the SiC layer corroded by carbon monox-
ide [3].

In the present study the behavior of fission prod-
ucts, other than palladium as well, in the Triso-coated
UQ, fucl particles was examined by electron probe
microscopy, and the thermodynamic analysis of fission
products-U0,-C system was carried out to under-
stand the fission product behavior,

DR2-3115 /94 /80700 © 1994 - Elsevier Science B.V. All rights reserved
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EFFECTS OF NEUTRON FLUX AND IRRADIATION TEMPERATURE ON IRRA-
DIATION EMBRITTLEMENT OF AL533B STEELS

REFERENCE: Suzuki,M., Onizawa,K., and Kizaki,M.,"Effects of
Neutron Flux and Irradiation Temperature on Ixrradiation
Embrittlement of A533B Steels,"” Effects of Radiation on
Materials: 17th International Symposium, ASTM STF ####, David
S. Gelles, Randy K. Nanstad, Arvind S. Kumar, and Edward A.
Little Ed., American Scociety for Testing and Materials,
Philadelphia, 199#. - ’

ABSTRACT: Irradiation embrittlement of AS33B steels with low
copper contents were investigated from the point of dose rate
and irradiation temperature effects. Change of neutron flux
in the range from -10*2 to -~10%3 n/cm=®/s (E>1MeV) did
not have a significant effect on the embrittlement. Irradia-
tion temperature change of 1°C resulted in the transition
temperature shift (ATax1s) of about 1°C and yield stress
change (Aow) of about 0.8MPa. Factors that might affect the
embrittlement of low copper steels are also discussed.

KEYWORDS: irradiation embrititlement, pressure vessel steels,
dose rate effect, Charpy shift, hardening

INTRODUCTION

Irradiation embrittlement of pressure vessel steels is
governed by various factors, such as chemical compositions,
heat treatment conditions, irradiation temperature and neu-
tron flux. Morecver, some of these factors are interactive.
When a steel contains high impurity copper (Cu}, embrittle-
ment behavior is strongly dependent on the formation of Cu-
rich precipitates{1-3], including the dose rate dependence.
Japanese modern pressure vessel steels contain very low
concentration Cu and other detrimental impurity atoms like
phosphorus (P), and hence have very low susceptibility to
irradiation embrittlement. In the material with very low Cu
contents, effects of other metallurgical factors or irradia-

" +ion variables shculd become discernible(4]. However, irradi-

ation characteristics of low Cu steels (or highly purified
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