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Various kinds of irradiation facilities are installed in the JMTR for the purpose of irradiation tests
on fuels and materials and of producing radioisotopes. The irradiation facilities have been improved
so far at every opportunity of new irradiation requirements and of renewing them which reached the
design lifetime. Of these irradiation facilities, improvements of the power ramping test facility
(BOCA/OSF-1 facility) and the hydraulic rabbit No.2 (HR-2 facility) are described here.

1. Improvement of BOCA/OSF-1 Facility

The BOCA/OSF-1 facility was installed in 1974 for the purpose of solving the pellet-clad
interaction of a light water reactor fuel and of the power ramping test of high burn-up fuels. This
facility can carry out the power ramping test under the same conditions as the BWR operation. This
facility consists of a boiling water capsule (BOCA), a pressure control system which retains the fuel
sample in the BWR operating condition, a He-3 pressure control system which changes a power of the
fuel sample, an Oarai shroud irradiation facility (OSF-1) and a capsule handling machine which
enables the capsule exchange during reactor operation. A block diagram of the facility is shown in
Fig.l. Using this facility, power ramping tests of about 100 fuel samples has been carried out so far
and many useful results elucidating behavior of a light water reactor fuel has been obtained.

1.1 Enhancement of Neutron Flux

According to irradiation requirements of a high burn-up fuel, the performance improvement to
enhance heat rate of a fuel rod was carried out in 1988 by changing the material of the in-pile tube
from the austenitic stainless steel to the zirconium alloy and by changing the material of the 3He gas
screen from the austenitic stainless steel to the aluminum alloy. The neutron absorption cross
section of these materials is smaller than that of the stainless steel. Prior to the fabrication of new
in-pile tube and the He gas screen, the followings were carried out.

(a) Establishment of Design Standards

The design standards such as a tensile strength, an allowable stress, an elongation and so on for
the zirconium alloy were established at that time, because it had not been prescribed as a usable
structural material in a nuclear plant. Therefore, these design standards were determined by
literature survey and by verification tests on a basis of the ASTM standard. The strength calculation
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of the OSF-1 in-pile tube was carried out with these values.
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Fig.l Block Diagram of Power Ramping Test Facility

(b) Study of Connection Method between Partition Tube
and 3He Gas Screen

The connection method between the partition tube in
the OSF-1 and the He gas screen were studied, because the
partition tube was made of stainless steel and the 3He gas
screen was made of the aluminum alloy. If the general
welding method like a TIG welding is used, the connection
part does not have sufficient strength. Therefore, the friction
welding method was adopted, which is suitable for connection
between dissimilar materials. The mock-up test was
conducted in order to grasp optimal conditions of the friction
welding and it was found that there was sufficient strength for
this connection part. A schematic drawing of the OSF-1 in-
pile tube is shown in Fig.2.

(c) Introduction of Electron Beam Welding

The length of the in-pile tube is about 8m, and the
straightness was one of the important factors when it was
fabricated. It was considered that the deformation by

Fig.2 In-pile Tube of OSF-1
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welding was limited to be as low as possible. Therefore, an electron beam welding (EB welding)
was adopted instead of a TIG welding. Because a heat input time of the EB welding is shorter than
that of the TIG welding and a HAZ (heat affect zone) by the EB welding is also smaller though it is
necessary to prepare for a large vacuum chamber in which the long in-pile tube is held.

With regard to 3He gas screen, the TIG welding causes the defects like blowholes and
microcracks because it was made of a thick aluminum material. The straightness was also one of the
important factors. Therefore, the EB welding was also adopted to fabricate it.

1.2 Improvement of 3He Pressure Control

When the power ramping test was carried out before, the linear heat rate of a fuel sample was
estimated by the pressure of 3He gas in the 3He-gas screen. However, the accurate liner heat rate
could not be estimated by this method, because the neutron flux to the fuel sample varies somewhat
according to the positions of control rods even if the pressure of 3He gas is constant. Furthermore,
as data sampling period of He gas pressure was 10 seconds, operating the valve to control the
pressure was also every 10 seconds. Therefore, improvement of controlling the linear heat rate
automatically with a computer was conducted. The period of data sampling and valve operation was
improved to be 100 millisecond and the liner heat rate could be controlled from a temperature
difference between the inlet temperature and the outlet temperature of the OSF-1 coolant. From the
result of the improvement, the control precision was enhanced and various kinds of power ramp tests,
especially a short-term cyclic test, have enabled to be performed.

1.3 Development of Tritium Removal Device

Because tritium is generated by the nuclear transformation of 3He gas in the core region and its
contamination in every parts such as tubes, valves and so on increases gradually with long term
operation, a tritium removal device has been developed in order to evaluate the tritium behavior
adsorbed on the inner surface of tubes and valves and to master the tritium handling technique. Prior
to fabricate the device, the following were considered:

- Connections between pipes and equipment should be welding structure as much as possible.
Even if a mechanical attachment is used, a metal seal type of attachment should be used so that the
leakage of tritium becomes as low as possible.

- All valves to be used should be a vellows seal type.
- A circulating pump should be an oilless type.
- The almost of this device should be installed

in a hood and its inner pressure should be
negative so that tritium did not release to the
atmosphere even if tritium leaks from the
device.

Table 1 Specification of Tritium Removal Device

Inlet tritium concentration
Outlet tritium concentration
Flow rate
Working pressure
Oxidation method

max. lxlO7 Bq/cm3

less than 10 Bq/cm3

3 1/min
about -0.1 MPa
Pt catalyst

sampling line

L(X}- »+ pM I Mik ©

pump

mass flow controller reclaimer

PI: pressure indicator, TIC: temperature indicator & controller

Fig.3 Flow Diagram of Tritium Removal Device

- 266 -



JAERI-Conf 99-006

The flow diagram of the device is shown in Fig.3. The tritium is oxidized by an oxidation bed
with Pt catalyst and the tritiated water is removed by a refreshable molecular sieve bed. This device
can treat the tritium concentration of max. lxlO7 Bq/cm and reduce it to less than 10 Bq/cm as
shown in Table 1.

2. HR-2 Facility

There are two hydraulic rabbit irradiation facilities, HR-1 facility and HR-2 facility, in the JMTR.
These facilities load rabbit capsules from the charging station into the reactor core and unload from
the core to the discharging station by changing the direction of the water flow in the facility during the
reactor operation. These facilities are utilized mainly for basic research and for the production of
short-lived radioisotopes.

In-pile tube of the HR-2 facility has been used for 24 years and irradiated neutron fluence
reached design limit. Therefore, it was renewed in the 1996. At the renewal, the irradiation
performance improvement was also achieved by changing installed location among the core to
enhance the neutron flux. A flow diagram of HR-2 facility is shown in Fig.4.

2.1 Characteristics of In-pile Tube

The purpose of the performance improvement was to enhance the irradiation neutron flux of the
facility. The target the neutron flux was about 4 times for fast neutron flux (>lMeV) and about
twice for thermal neutron flux in comparison with previous ones. These values were calculated by
the SRAC code system and new setting location in the core was determined. Furthermore, these
values were confirmed by dummy rabbits in which several kinds of fluence monitors were loaded to
estimate neutron fluence.

2.2 Matter Concerned on Performance Improvement

It was possible to enhance the irradiation neutron flux of the facility by installing the new in-pile
tube into the irradiation hole
where the neutron flux was
higher. As the result,
however, the radiation fluence
for the in-pile tube itself was
accelerated, and the duration
of service of the in-pile tube
might shorten. The radiation
shielding for the circulation
system of the HR-2 facility
had to be also considered,
because the radioactivity of
the HR-2 circulating water
might increase by enhancing
the irradiation neutron flux.
Considering above subjects,
the possibility of performance F i 8- 4 F l o w Diagram of HR-2 Facility

Reactor pool
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improvement were discussed on condition that the out-pile part of the HR-2 facility was not modified.
Main points were as follows.

(a) Change of Structure of In-pile Tube and Selection of Irradiation Hole

The strength of the welded joint is usually inferior to that of the base metal under neutron
irradiation. From the viewpoint of the lifetime of the in-pile tube, it was decided to design new in-
pile tube by shifting welding joint to the elevation out of active core to reduce neutron irradiation.
The M-9 irradiation hole was selected where new HR-2 in-pile tube penetrated the core of the JMTR.
The structures of new In-pile tube are shown in Fig.5.

(b) Radiation-Resistant Life Time of New In-pile Tube

25 2

The radiation-resistant lifetime of the in-pile tube was limited to be 3x10 n/m before for fast
neutron fluence on the basis of post irradiation examination results of the SS316 irradiated in the
JMTR. On the other hand, enhancing the irradiation neutron fluence shortened the duration of
service of the in-pile tube. As additional PIE, the mechanical property tests of irradiated SS316
specimen was carried out in the JMTR hot laboratory in order to collect data for neutron fluence from
3xlO25 n/m2 to lxlO26 n/m2.

The relationship between the neutron fluence and mechanical properties is shown in Fig.6. The
total neutron fluence of the new in-pile tube reaches 1x10 n/m2 after JMTR operations of 50 cycles
(about 10 years). From the results of PIEs, the residual elongation was assumed to be about 37% for
this fluence, and this value is larger than 10% which is a recognized value as a standard residual
ductility. Therefore, it was possible to enhance the
irradiation neutron flux without shortening the duration
of service of the in-pile tube.

2.3 Evaluation of Radiation Dose of Circulation
System

It was expected that the radioactivity of the HR-2
circulating water increased by enhancing neutron flux.
The main radioactivity sources are 16N which is created
by O(n, p) N reaction and activated corrosion
products, for example Na, 51Cr and Co, which are

included in the water. It was confirmed by the
shielding analysis that the ability of the l N decay tank
installed in the canal was sufficient to decay the
radionuclide. Although the dose equivalent rate of the
area was expected to increase, it was also confirmed
within the acceptable level by the analysis.

2.4 Nuclear Effect for Reactor

It was anticipated that reactivity disturbance by
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Fig.5 Structure of In-pile Tube
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inserting or taking out rabbits 1000

increased, because the new HR-2
in-pile tube was installed in the
irradiation hole nearer the fuel
region of the reactor core.
However, as a result of the
nuclear calculation, it was
confirmed that the value of the
reactivity disturbance would
remain as 0.03 %Ak/k or less,
within prescribed limit,
0.1 %Ak/k, of reactivity
disturbance.

The expected y-heating rate
changed from 2 W/g to 6 W/g,
and the heat input to the
circulating water increased. In
this case, it was also confirmed
by the thermal calculation that

• :Ultinute tensile strength i:Yield strength O :Absorbed energy
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Fig.6 Mechanical Properties of Irradiated Stainless Steel

the local boiling which cause a strong reactivity disturbance did not occur.

3. Conclusion

Mentioned above, various kinds of improvements on irradiation facilities have been conducted
according to new irradiation requirements.

With regard to the OSF-1 facility, it enables to perform the following.
- The power ramping test of high burn-up fuel can be performed.
- The precision of estimating linear heat rate was enhanced.
- Various kinds of power ramping tests, especially a power cyclic test, can be performed

because the data sampling period became shorter.
With regard to the HR-2 facility, it enables to perform the following.

- The efficiency of the facility utilization including flexibility of irradiation scheduling will
increase by shortening irradiation time of each rabbit.

- Production and development of 7Cu, P and S become possible using enhanced fast
neutron flux.

- The irradiation test for the extremely minute radioactivation analysis for the basic research
becomes possible, because the fast neutron flux increases.

From now on, an improvement will be carried out for other irradiation facilities whenever there
is an opportunity of new irradiation requirements
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