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IMPROVEMENTS OF REACTOR NEUTRON FLUX UTILIZATION *

Minoru TAKADA, Kunitake FUKAZAWA, Toru KOHAYAKAWA
Toshio ISHII, Minoru MOROZUMI

Division of Research Reactor Operation, Tokai, JAERI

( Received September 19, 1973 )

Iin order to make a progress in research activities by utilizing research
reactors, it was demanded to develop the techniques which made it possible to
use more intense neutron beams or to increase more experimental spaces in high
flux regiomn. These were achieved only by introducing some ninor improve-
ments of reactors and / or experimental facilities. This paper describes

some of these achievements which have been performed on JAERI's research

reactors. These .are as follows :
1. Improvements of utilization technique in neutron spectroscopy.
2, Improvement of the fuel assembly as an in-core irradiation

i facility in JRR-2.
3. Improvements of neutron flux utilization in JRR-4,
Deformation of neutron flux distribution to make it fit for

proposed experiment.

® Prepared for the South East Asia and Far-East Regional Study Group
Meeting on Problems and Experience in the Utilization of Research Reactors

at Bhabha Atomic Research Centre, Bombay, India in March 1973.
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1. INTRODUCTION

As téchniques on utilization of research reactors make progress, it becomes
necessary to use more intense neutron beams or to increase more experimental
spaces in high flux region. The simplest way to satisfy these demands is to
comstruct a higher neutrom flux reactor or to perform major improvements of the
research reactors. But it is very difficult from the econcmical point of view or
others. Therefore, some minor improvements of reactors or experimental facilities
have been experienced and planned to increase irradiation spaces or to get more
intense neutron beams. Some typical examples of these improvements which have
been performed or planned are described in this paper. These improvements are as
folloﬁs;

1) To improve experimental facilities (for example, neutron diffract-meters,

neutron spectrometers and others) which use neutron beams from the core.

2) To improve a fuel assembly which samples are able to be irradiated in.

3) To increase irradiation facilities inside or outside of the core.

4) To deform the neutron flux distribution in the core.

TI. OQUTLINES OF THE IMPROVEMENTS

1)

1., Improvements of utilization in neutron spectroscopy

A lot of experimental facilities using neutron beams from the core {(for
example, neutron diffract-maters, neutron spectrometers, etc.) are installed with
JRR-2 and JRR-3. TFollowing the advantage of research programme on the neutroen
diffraction and neutron spectroscopy, experimenters would like to use more
intense neutron beams. During a recent decade, the neutron speétrometers have
increased the efficiency of experiments about 10 times larger than before only
by the improvement in several parts of instruments.
Those are as follows;

1) Removement of graphite brock from the top of inpile plug.

2} Replacement of detection system with low noise circuit, which also

decrease troubles for the maintenance,




JAERIM 5416

I. INTRODUCTION

As techniques on utilization.of research reactors make progress, it becomes
necessary to use more intense neutron beams or to increase more experimental
spaces in high flux region. The simplest way to satisfy these demands is to
construct a higher neutrom flux reactor or to perform major improvements of the
research reactors. But it is very difficult from the econcmical point of view or
others. Therefore, some minor improvements of reactors or experimental facilities
have been experienced and planned to increase irradiation spaces or to get more
intense neutron beams. Some typical examples of these improvements which have
been performed or plamned are described in this paper. These improvements are as
folloﬁs;

‘1) To improve experimental facilities (for example, neutron diffract-meters,

neutron spectrometers and others) which use neutron beams from the core.

2) To improve a fuel .assembly which samples are able to be irradiated in.

3) To increase irradiation facilities inside or outside of the core.

4) To deform the neutron flux distribution in the core.

II. OUTLINES OF THE IMPROVEMENTS

1)

1. Improvements of utilization in neutron spectroscepy

A lot of experimental facilities using neutron beams from the core (for
example, neutreon diffract-maters, neutron spectrometers, etc.) are installed with
JRR-2 and JRR-3. Following the advantage of research programme on the neutron
diffraction and neutron spectroscopy, experimenters would like to use more
intense neutron beams. During a recent decade, the neutron speétrometers have
increased the efficiency of experiments about 10 times larger than before only
by the improvement in several parts of instruments.
Those are as follows;

1) Removement of graphite brock from the top of inpile plug.

2} Replacement of detection system with low noise circuit, which also

decrease troubles for the maintenance.




P om A Sl e, AT i s A+ © e by e e £ R R i,

JAERI-M 5416

3) Improvement of neutron shielding.

4) Introduction cof new monochromating crystals.

5) Introduction of single crystal filter for the removement of fast neutrom

and yY-ray ceontaminations from the direct beam in chopper instrument.

Table 1 shows the improved parts of the facilities and their merits.

2. Improvement of fuel assembly as in-core irradiation facilities in JRR-Z

Some users required that samples could be irradiated in higher fast neutron

flux. So, we have provided fuel assemblies which have had irradiation space in
the center. It is so called "In-core Irradiation Facility'". The fuel elements
of these facilities are comncentric tube type, uranium and aluminum alloy. Figs.
1 and 2 show the In-core Irradiatinn Facilities and cne of the irradiation
capsules, respectively. A irradiation capsule is inserted in the concentric
tube. fuel assembly and the assembly is inserted in oné of the fuel holes.

The outline of the In-core Irradiation Facility is as follows;:

1) Purpose : a. Testing for radiation damage of reactor materials

by fast neutron.
b. Testing of fissile materials.
c¢. Radio-isotope production.

2) TFuel type : Concentric tube plates, uranium and aluminum alloy ( 4
tubes). 600 mm in active length. 120 gr of U-235 per
one assembly.

3) Neutron flux : ¢f =4 x lO13 n/cmzsec.
¢f : ¢th 1:2
Distribution. is nearly flat.

4) TIrradiated : 34 mm in diameter, 680 mm in length with monitoring

capsule instruments.
3. Improvement of neutron {lux utilization in JRR-4
JRR-4 is a swimming pool type reactor with open core tank and forced coolant.
Originally, none of irradiation -holes reached to the core had been prepared in

JRR-4. Because JRR-4 had been constructed for shielding experiments only,
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especially had been used for mock-up tests of shielding materials on the First
Nuclear Ship of Japan. Thereafter, this reactor had to be used for other
experiments aﬁd irradiations. Therefore, some irradiation facilities and tools
are used and will be used for these experiments and irradiations in JRR=-4.
Those are as follows;
1) Irradiations by using water proof capsules
We have made many kinds of water proof capsules. Generally, irradiation
samples are put into these capsules and the capsules are hung with
chain. It is easy to set the capsules in suitable neutreon flux and to
handle the capsules during the reactor operation.
2) Installation of irradiation tubes
Some long irradiation tubes are installed from the reactor bridge to the
core. It is easy to set the tubes in any positipn where is in the
reflector region or outside of the reflector. These tubes are mainly
used for the functioning' test of neutron detector, sample irradiation
with monitoring instruments, etc.
3) Installation of pneumatic tube
We have a plan to imstall a pneumatic tube in JRR-4, Tt will become
easy by using this pneumatic tube to perform irradiation experiments
and activation analysis of short lived elements in JRR-4.
4., Deformation of neutron flux distribution
Neutron fiux will be able to be changed remarkably by moving up or down the
control rods in the reactor core, which has a large volume core and heavy water
moderator such as JRR-3. Then we will be able to supply more intense neutron
beams to some experimental heles by deforming the neutron flux in the core.
But we have never performed this plan. We will have to investigate many kinds of

safety evaluation of this plan before it is performed.

ITI. CONCLUSTON

As above mentioned, we have performed and planned some kinds of improvements
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of neutron flux utilization in order to use research reactor more effectively.
However, hefore the improvements are performed, we believe, we should investigéte
the safety of these improvements sufficiently. When some improvements were
planned, the sufficient safety evaluaticon of these improvements have been
performed by the technical group in the operation section, chief engineer, safety
committee at JAERI, before their performance and in case of the more sufficient
safety evaluation required, licensing by National Committee on Examinationm of

Reactor Safety is to be provided.
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