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ABSTRACT

The newly developed techniques by the Hot Laboratory (JMTR HL) have provided for us the
key information on behavior of specimens due to mechanical / physical / chemical / synergistic
effects of radiation, stress and water for fission and fusion reactor environment. These
techniques are focused on several topics as follows;

(1) miniaturized specimen test for the development of fusion reactor materials, (2) slow strain
rate tensile testing (SSRT) and crack propagation measuring tests for the study of Irradiation
Assisted Stress Corrosion Cracking (IASCC) of core internals of LWR, (3) handling technique
on specimens including tritium for the research and development of tritium breeders and neutron
multiplier as fusion blanket materials, (4) joining method using the Tungsten Inert Gas (TIG)
welding technique for re-assembling of capsule and re-fabrication of specimen and (5)
nondestructive evaluation using ultrasonic wave and infrared thermography for the quantitative
evaluation of irradiation brittleness of key components of fission and/or fusion reactor. The
mutual exchange of PIE information, interchange of researchers and mutual utilization on PIE
facilities are indispensable to raise PIE potentials and to get the break-through in the study of
nuclear power.

1. INTRODUCTION
The Hot Laboratory (JMTR HL) associated with the Japan Materials Testing Reactor (JMTR)

was put into service in 1971 to examine specimens irradiated mainly in the JMTR. A wide
variety of post-irradiation examinations (PIEs) for research and development of nuclear fuels and
materials to be utilized in nuclear field is available in three kinds of (3 - y hot cells in the JMTR HL.
These examinations are on LWR high burn up fuels subjected to power ramping test, NSRR test
fuel, structural materials for LWR, HTTR and fusion reactor, shape memory alloys and others.
In addition to PIEs, re-capsuling including re-instrumentation [1] are currently conducted for the
power ramping test using the Boiling Water Capsule (BOCA) [2] or for the coupling irradiation
test [3]. In this paper, the functions of JMTR HL, current PIE activities and advanced and
future PIE potentials in the Hot Laboratory are represented.

•2. FUNCTIONS
The JMTR HL is located adjacent to JMTR through a canal for transportation of capsules

irradiated in the JMTR and a lot of fuel rod segments irradiated in power reactors are carried into
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the JMTR HL as shown in Fig. 1. Re-instrumented capsules for re-irradiation are transported
through a canal to the JMTR. Irradiated specimens and radioisotope (RI) drawn out from the
irradiation capsules are supplied to the HL of Tohoku University and RI production facility of
JAERI.

Figure 2 shows the arrangement in the ground floor of the hot laboratory. Three kinds of
(3 - y type of cell, i.e. 8 concrete cells attached with 4 microscope lead cells, 7 lead cells and 5

steel cells are available for post irradiation examinations (PIEs) of irradiated fuels and materials in
the JMTR HL. No a type of cell for MOX fuels is provided and six globe boxes for handling
tritium can be used for the study of fusion blanket materials irradiated in the JMTR. Loading
and unloading capsules, dismantling irradiated capsules, re-capsuling irradiated samples, re-
instrumentation of specimens, destructive and nondestructive examinations of fuel specimens,
microstructural observations of fuel specimen and material are performed in the concrete cells.
The lead and steel cells are used for many kinds of material tests such as tensile test, Charpy
impact test, miniaturized specimen test, slow strain rate tensile test, stress corrosion cracking test,
fatigue test, fracture toughness test, creep test and Scanning Electron Microscopy (SEM).

3. CURRENT PIE ACTIVITIES

3.1 Re-instrumentation for study of the light water reactor fuel
The information on FP gas pressure and centerline temperature of fuel pellets during power

transient testing is important to study the pellet cladding interaction mechanism of high burn up
LWR fuel rods. Re-instrumentation techniques of FP gas pressure gauge or centerline
thermocouple were developed in 1990 and 1994, respectively and have already been put in
service to users using the BOCA, Figure 3 shows the re-instrumentation procedures of a
thermocouple to an irradiated fuel rod. This technique consists of several steps; fixation and
freezing technique for irradiated fuels to be very brittle after irradiation in LWR, drilling technique
to make a center-hole of irradiated pellet, removing techniques of small tips of pellets during
cutting and welding technique to join the FP pressure gauge with the instrumented fuel having a
centerline thermocouple. In this technique, the JMTR-HL make an important role as an
interface between a reactor (irradiation technique) and a hot laboratory (post irradiation
examination) to combine the JMTR with commercial type of the light water reactor (LWR).

3.2 Slow strain rate tensile testing (SSRT) for Irradiation Assisted Stress Corrosion
Cracking (IASCC) study

By the slow strain rate tensile testing (SSRT) method, the susceptibility of the irradiated
specimen to the Stress Corrosion Cracking (SCC) can be evaluated under environment of high
pressurized and high temperature water. This testing machine has a tensile testing machine, an
autoclave and a water circulating system through purified water. The IASCC susceptibility and
fracture morphologies are obtained from the fractions of SCC area which were measured by a
remote-controlled scanning electron microscope (SEM) in JMTR HL. In the recent study of
IASCC susceptibility, the dependence of the type 304 and 316 models stainless steels to IASCC
susceptibility on alloy composition, neutron fluence and dissolved oxygen is reported using

- 293 -



JAERI-Conf 99-006

SSRT experiments [4].

3.3 Miniaturizing testing
Because of the limited volume available for the irradiation experiment, the miniaturization of

the specimens (0.1 to lmm in minimum dimension) is inevitable to utilize such a facility as high
energy intense neutron source and furthermore and furthermore to reduce radioactive wastes and
efficient use of surveillance test specimens of light water reactor pressure vessels.

Developments of the small punch test machine [5], electrical discharge machining device and
a computer-aided micromanipulator for handling of the miniaturized specimens have been
successfully carried out at the JMTR HL. The load-displacement curves are obtained from the
small punch test as shown in Fig. 4. The ductile to brittle transition temperature, fracture
toughness and so forth are also evaluated from the curves. Furthermore, the research and
development for hardness test, impact test and so forth with miniaturized specimens have been
carried out as the future techniques.

3.4 Tritium handling
Beryllium is expected to be used as a neutron multiplier and plasma-facing material in a fusion

reactor, and beryllium irradiation studies have been performed to obtained engineering data for
fusion blanket design. The most important point of PIE for beryllium is to manage the amount
of tritium released from neutron irradiated tritium samples. Figure 5 shows a new facility for
post-irradiation examination of neutron-irradiated beryllium constructed in the JMTR HL [6].
This facility consists of four glove boxes, a dry air supplier, a tritium monitor and removal
system, and a storage box for neutron irradiated samples. The maximum amount of tritium
handling in the facility is 7.4 GBq day"1.

3.5 Welding technique
Welding technique is one of the key issues to support the PIE. In the JMTR HL, four kinds

of welding techniques have already been developed to manufacture; (1) new capsule with
irradiated specimens for irradiation (re-capsuling technique), (2) new specimen for re-irradiation
produced by joining an unirradiated specimen to an irradiated specimen (joining technique), (3)
new re-instrumentation type of fuel rod to combine the FP gas pressure gauge with the
thermocouple for measurement of centerline temperature (re-instrumentation technique) and (4)
new Co-60 source for gamma ray radiation by re-using the reactivity adjusting elements of an
in-core component, which were made of cobalt alloy, for adjusting reactivity of JMTR (re-using
technique for in-core component).

4. ADVANCED AND FUTURE PIE POTENTIALS

4.1 Achievement of PIEs with high efficiency, high performance and high speed
Increase in operation speed for PIEs is one of the key issues to improve the quality of PIEs.

For this issue, the following items are very effective to promote PIEs; (1) accomplishment of
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PIEs for mechanical testing and (2) automation of decontamination and quick replacement of.
installed PIE apparatus.

4.2 Application of advanced NDT technique
The radiation induced effects [7] are not necessarily in accordance with post-irradiation

phenomena due to differences of time dependence on nucleation, formation and aggregation
morphology of defects as is suggested in elsewhere [8]. According to recent research using UT
[9], changes in ultrasonic velocity is associated with those in attenuation coefficient and both
properties include attractive characteristics of stress fields around defects and dynamical elastic
content, respectively. Figure 6 shows the schematic diagram of the ultrasonic wave
measurement system installed in the lead cell of the JMTR Hot Laboratory to examine the
characteristics of the ultrasonic wave for the irradiated Charpy specimens. And furthermore,
detection limit can be qualitatively presented by the theoretically three-dimensional analyzing
approach using infrared thermography [10]. The NDT can be applied to the evaluation to
mechanical properties of irradiated specimens. In JMTR HL, the application of NDT to PIEs
has been accomplished as a new useful PIE technique on UT and infrared thermography.

4.3 Future plan of JMTR Hot Laboratory
There are many PIE facilities around the JMTR HL as shown in Fig.7. The mutual

exchange of PIE information among PIE facilities around Oarai site of JAERI, interchange of
researchers and mutual utilization on PIE facilities are indispensable to raise the scientific and
technical potential on PIE and to get the break-through in the study of nuclear power.
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Figure.2 Functional Area of JMTRHL

Figure.3 Re-instrumentation procedures of themocouple to
irradiated fuel rod
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Figure.6 Schematic view of experimental apparatus
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