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ABSTRACT

Nuclear research Reactors are, as well as being necessary for research purposes,

indispensable educational tools for a country whose electric power resources are

strongly dependent on nuclear energy. Both large and small research reactors are

available, but small ones are highly useful from the viewpoint of radiation education.

This paper offers a brief review of how small research reactors can, and must, be used

for radiation education for high school students, college and graduate students, as well

as for the public.

1. EDUCATIONAL RESEARCH REACTORS

Research reactors belonging to universities and colleges have been introduced for

education as well as various research purposes. In the United States about 80

educational research reactors were built during the most prosperous period of the atomic

energy development. This number has now decreased to less than half, mainly due to

the weakening of government support. The beginning of atomic energy development

in Japan was delayed about 10 years compared to the leading nations. Furthermore, as

the nation that suffered the first atomic bombing, people felt ambivalent toward atomic

energy development and the introduction of educational research reactors. Thus the

number of the educational research reactors in Japan was limited from the beginning.

Nowadays management is confronted with such inner difficulties as aging of facilities

and of personnel.

The controversial use of educational research reactors, as is more or less the case in
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many countries, is seriously questioned by people concerned with college

education. Particularly in Japan, which must depend on a substantial fraction of

electricity generated by nuclear power, educational research reactors are indispensable

for education and for the development of advanced nuclear power technologies. The

functions of educational research reactors can be summarized as follows:

1. Cultivation of professional nuclear engineers through college education

2. Education of college students outside nuclear engineering into neutron and

nuclear physics, nuclear sciences, radio- and radiation sciences

3. Training and re-education of professional nuclear engineers

4. Education of the public for the understanding of reactors, radioactivity and

radiation

5. Study of reactor design and reactor performance

6. Study and development of radioactivity measurements and neutron physics

7. Study of neutron reactions, including production of radioisotopes

8. Various utilization of neutrons for research and practical applications

In all these functions, the importance of the educational research of nuclear reactors

lies in its ability to provide opportunities to experience real phenomena, or even

accidental occurrences, which cannot be obtained from textbooks, simulators or firmly

guarded, non-research orientated nuclear plants.

Watt class reactors are useful for education in nuclear physics, neutron

measurements, and the training of reactor operation. lOOkW class reactors usually

have irradiation facilities, which are useful for radioisotope production. Direct

educational use of reactors larger than 1MW is limited but, nevertheless, they are

effectively used through research activities of post-graduate students.

2. RADIATION EDUCATION FOR COLLEGE STUDENTS AND TEACHERS

USING RESEARCH REACTORS

Normally students enter college without much knowledge of radiation, or with a

misguided understanding of the danger of nuclear energy. Students must be

encouraged to explore this vital area open-mindedly.

1) Students in nuclear science and technology;

Needless to say, the knowledge of radiation is a professional necessity for this group

of students. Commonly detailed educational courses on radiation are programmed

both by lectures and by laboratory experiments. But normally little opportunity is

given to students to spend time in a research reactor facility. On the average, these

students spend less than 1 week at such a facility during their undergraduate years.

It is necessary to give them more opportunity to work with research reactors.
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2) Non-nuclear, science and engineering students

All the students of science and engineering should be educated to deal with radiation

and radioisotopes properly. This appears to be completely ignored in Japanese

colleges. It is not easy to establish programs in every faculty or department. A

practical solution would be to make use of nearly research reactors. These students

should be required to do an internship, several days in duration, at least one once

during their undergraduate years.

3) Students in human sciences

Students in human sciences should also be given a reasonable education in the field

of radiation. The invaluable experience of visiting a research reactor should be

incorporated into their education requirements.

4) Professors

Many professors lack competency in the field of radiation and nuclear sciences.

Any trial to educate students would not be very fruitful if educating professors is

ignored. A countermeasure for this would be to plan a protective program for

college professors. Junior and secondary high-school teachers may also be included

in this plan.

5) Post-graduate students

Many post-graduate students in science and engineering are given frequent chances

to visit nuclear or radiation facilities, nuclear reactors, accelerators, photon factories

and so on, as a part of their research activities. Since the users are obligated to

attend a special guidance course in radiation protection in many radiation facilities,

radiation safety is firmly insured. But proper understanding of radiation treatment is

not sufficient. For example, at many radiation facilities, both post-graduate students

and the teachers think that radiation is dangerous entity that should be strictly

avoided. Since such misconceptions cause inefficiency and unnecessary care and

cost, a stronger effort should be made to reassure people of the safety of the safety of

radiation research and useful recognition about radiation. It would be advisable to

create professional course on radiation for this group of students.

3. RADIATION EDUCATION FOR HIGH SCHOOL STUDENTS

Students in junior and senior high schools are taught about "matter" through their

study of physics and chemistry. It should not be difficult to make them understand that

radiation or radioactivity is a particular activated state of a substance. For this purpose

research reactors provide various, but most simple, nuclear reactions: degradation of

neutron energy, nuclear reactions induced by neutrons, neutron absorption, nuclear

fission, nuclear transformations and the production of radioisotopes. High school
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students need not understand the details of all these processes, but it would suffice for

them to see these amazing natural phenomena during a half-day visit of a research

reactor.

4. EDUCATIONAL ITEMS OF SMALL SCALE RESEARCH REACTORS IN

CONJUNCTION WITH RADIATION

The characteristics of small research reactors (below ca 300 kW) in conjunction

with radiation education are as follows:

(1) The reactor core can be observed during operation.

(2)Radioisotopes of various half-lives can be produced without the danger of

excessive activity.

(3) Neutron beam is used easily and can be applied to neutron measurements and

radiography.

Considering the above characteristics, the following educational subjects can be

programmed.

1) For elementary school pupils

a) Cerenkov radiation

Cerenkov radiation is the light that is emitted when a charged particle, which in the

case of reactors is the electron ejected by gamma-ray bombardment of water, passes

through a substance with a velocity larger than that of photons in it. This light,

being different from normal light emission in origin and mystically blue in color, is of

intriguing scientific interest.

b) Radiation Level

There are various radiation levels around the reactor. Measurements and analysis of

these radiation levels are useful for understanding the nature of radiation. It is also

valuable to know the radiation level is not at a dangerous level in the reactor room

even when the reactor in operation. Pupils must be given the chance to manipulate

radiation detectors to experience radiation by themselves. It would be useful to

compare the radiation level around the reactor site with that, for example, near their

homes.

c) Radioactivity

Any material put into a reactor is activated normally. The activity can be measured

immediately after irradiation, and on-site experience of how fast the activity decays

and how a part of the activity remains a long time may be given. This must be

presented together with a demonstration that the activity is not very dangerous when

it is dealt with properly and carefully.

2) For high school students
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The items described above should be included in the educational program of high

school students, too. In addition, a more familiar and quantitative experience with

radiation and activated substances must be given. Brief qualitative understanding

of activity (dps), count rate (cps), fluence and exposure, absorption dose (Gy), and

effective dose (Sv) may be given. The concept of "exposure" may also be taken up

in conjunction with time, distance, and shielding. For this purpose demonstrational

experiments of activation using reactors are highly educational.

3) For college students

The understandings expected for high school students as described above must be

elevated to a more quantitative level. College students of science and engineering

course must be able to calculate quantities related to radioactivity and radiation.

College students of nuclear science must be able to calculate the stopping power of a

substance toward ionizing radiation, attenuation, absorption doses, and shielding

effects. This may well be done through designing their own experimental set-ups

and/or conditions.

4) For the public

Education of the public is highly important at this time since radiation education for

adults has been largely ignored. Because free access to reactor sites is usually

forbidden to the general public at the present time, reactor facilities must be made

more available to the public. A well conceived short course for teachers, from

elementary school teachers to high school teachers, will also be important.

5. CONCLUSION

Although research reactors are highly useful for radiation education of people of

various generations, they are not used to their full effectiveness. Many research

reactors from time to time open their facilities for the public to visit, often with some

exhibitions. This, however, is usually done on a voluntarily and irregular basis. Since

research reactors are the educational property of society , they should be given proper

support for their educational and research potential.

Recently, problems regarding the existing research reactors in Japan have become

the focus of the attention. Some associations have started an urgent examination of

management and operation of research reactors, aimed at promoting more extensive

use of them. It is not without reason that the social movement for research reactors is

in accordance with that of the radiation education.
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