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SUMMARY The public perception of nuclear science and engineering and the nuclear industry is today,
primarily shaped by radical greens, nuclear-opponents, the media and sociopolitical opportunists. Only countries
with a well diversified tertiary education system embracing all aspects of nuclear science and engineering can
counter efficiently the pseudo-science and sociopolitical manipulation which has severely restricted nuclear energy
development over the past three decades. National laboratories alone find this task extremely difficult, if not
impossible.

1. INTRODUCTION

The content of this paper is a greatly abridged but
up-dated version of the Author's submission to the
recent (1997) West Inquiry into Higher Education in
Australia (see Appendix).

The focus of this paper is to stress the importance of
applied nuclear science and nuclear engineering as
tertiary education disciplines. These subjects
embrace an interdisciplinary field with boundaries
overlapping physics, mathematics and engineering
but possessing a syllabus which is unique; offering
intellectual challenges to the best and brightest
undergraduate and postgraduate students.

A central task for nuclear engineers is to choose
materials, design machinery, assemble components
and operate devices which are subjected to testing
levels of temperature, pressure and radiation fields.
At the same time they must ensure the physical
health and safety of all who control and maintain
such plant and machinery or the instrumentation
associated with it.

At an undergraduate level, the syllabus required to
achieve the above objectives would include

The physics of neutrons, gammas, alphas and
beta particles.
The fission and fusion reactions and their
physical attainment.
Time constants associated with the fission
process and simple point model reactor
dynamics.
The nature and role of moderating and
shielding materials.
The attainment of criticality for fissile
materials.

The design of various reactor types - their
advantages and disadvantages.
Simple dynamics and control of chain
reacting systems.
Comparison of nuclear energy sources with
hydrocarbon combustion and alternative
energy technologies.
Problems associated with the public
acceptance of nuclear energy.

At the post-graduate level and for doctoral
dissertations the many inter-disciplinary
contributions made by nuclear engineers become
evident.

Analytical and numerical solutions of multigroup
diffusion and transport equations for particle
distribution, criticality and shielding studies.

Investigations of multi-phase flow, burnout
phenomena and hydro-elastic vibrations.

The role of stochastic processes in system
identification, malfunction detection and
artificial intelligence in reactor system
control.
The design of emerging nuclear systems

from pebble bed reactors to muon catalysed
fusion.
The use of radiation technology in
medicine, metallurgy, industrial,
instrumentation, environmental
assessments, agriculture and archaeology.

For some two decades the progress in nuclear
energy technology in developed countries has been
slowed or stopped by public perceptions, of "nuclear
risk". This situation has been exacerbated by the
activities of politically motivated "green" activists
and a media which feeds on pseudo-science and the
emotional psyche. This is an added reason why the
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sound, diversified teaching of nuclear science and
engineering in well equipped university schools and
tertiary institutes is so vital for a balanced
assessment of energy technologies and related issues.

The public does not relate well to centralised
monolithic research laboratories surrounded by
barbed-wire. Both fission and fusion physics were
born in universities and every effort should now be
made to repay this initiative through strong facilities
and well equipped laboratories.

For example in the United States of America some
forty-six Schools of Nuclear Engineering operate
around twenty-eight research reactors and handle
large contracts from the Department of Energy and
other sources.

2. Review of Selected Countries

According to the OECD's Nuclear Energy Agency
trends in nuclear education and training vary from
country to country and are closely tied to overall
patterns in fields of science and technology. The
degrees awarded in nuclear subjects, for instance,
over the past eight year in 154 institutes in sixteen
countries are shown in Figure 1 below.

2000

i 1500

o
S 500

1S61

1163
•

331

Undergraduate

Graduate-Master

— *

1821
• .

1287

399

1679
~ — •

1189

• 417

Graduate-Doctor

1990 19981995

Year
Notes: Oatacover 1S4 institutes in I6countries.
Source: O€CO/N£A. Nuclear Educozion onetTroining: Couit tor Concern? (2000)

Figure 1. Degrees Awarded in Nuclear Subjects

2.1 The United States

University research reactors in the United States
form a fundamental key component of the national
research and education infrastructure. Research
conducted using these reactors is critical to many
national priorities such as health care materials
science, and energy technology. Currently, there are
28 operating university research reactors at 27
campuses in 20 states.

University reactors are the source of neutrons for
research on such diverse areas as medical isotopes,
human health, life sciences, environmental
protection, advanced materials, lasers, energy
conversion, andfood irradiation. University research
reactors directly support the development of highly
qualified, technically knowledgeable personnel

needed by national laboratories, private industry, the
federal government and academia, for basic and
applied research critical to US technological
competitiveness. In addition, with the help of the
Reactor Sharing program, these reactors serve as
centres for education programs offered to other
colleges and universities and high school students
and teachers who visit the reactor for instructional
programs, research and training.
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Figure 2. Trends in Nuclear
Engineering at USA Universities

Other steps include the University Reactor Fuel
Assistance program, which funds the supply of
continue their important research and education
activities. Funding also is supplied through the
Reactor Upgrade program for equipment upgrades at
the reactors, increasing their value as research tools.
Another program, targeted on science, which
supports the US nuclear energy infrastructure.

Started in 2000, the program addresses the
knowledge gap of pre-college science teachers and
students, and incoming college freshmen in areas of
nuclear science and engineering.

2.2 China

Demand for nuclear talent is "huge" because of the
development of nuclear power and nuclear
technologies in industry, health, and other fields. At
the same time, more students are studying computer
science, economics and other disciplines rather than
nuclear sciences. No "instantaneous effective way to
attract brilliant students to nuclear engineering" is
seen. But major universities have introduced
changes in nuclear engineering programs, as part of
educational reforms, to attract more students, and
identified where more efforts are needed. These
include greater on-the-job training opportunities for
students in areas of research and development. Of
interest is more extensive interaction with foreign
universities and institutions associated with nuclear
engineering and technology, through professional
and information exchange programs:
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"Nuclear Engineering Education at Tsinghua
University in Beijing ", Kan Wang andBaoshan Jia,
July 2000, and "Nuclear Engineering Education in
China" Xu Yuanhui, Institute of Nuclear Energy
Technology, Tsinghua University, March 1998,
International Symposium of Energy Future in the
Asia/Pacific Region, co-sponsored by Tokai
University Education System, Japan, and University
of California-Berkeley, Department of Nuclear
Engineering. Results of the symposia are accessible
on the Internet at http://tauon.nuc.berkeley.
edu/asia/index/html).

2.3 United Kingdom

Nuclear education is not yet at a crisis point in the
country but is certainly under stress. While there are
no longer any nuclear specific undergraduate
courses, the number of undergraduates reported as
having a nuclear content in their university
education stayed constant during 1990-98, and even
may have increased slightly. At the same time, the
needs of the industry, both in terms of recruitment
and research, have declined as it has reached
maturity and as it seeks to be more competitive in a
deregulated energy sector. The concern is that
nuclear education remains sufficiently robust and
flexible to support the nuclear industry as it evolves.
Some companies are working more closely with
universities, including British Nuclear Fuels Ltd
which has worked with universities to set up a centre
of excellence in nuclear chemistry. Regarding
recruitment, the nuclear industry historically
commanded the best brains because it offered the
best resources and facilities and stood on the cutting
edge of technical development. The industry
perception of many potential graduates, however has

turned negative. The public relations activities
companies use to raise their profile have not been
specifically geared to recruitment but certainly have
helped it:
OECD Nuclear Energy Study, "Nuclear Education
and Training.. Cause for Concern? ", 2000.
Accessible on the Internet at http://www. nea. fr.

2.4 Hungary

Nuclear education and training have been closely
linked to the construction, operation and future of
t h e
country's nuclear power plant, which meets about
40% of electricity needs. Programs specialising in
nuclear power, radiochemistry, and nuclear
measurement techniques, for example, have been
offered over the years within the framework of
technical and scientific university programs.' With
the IAEA's assistance, a nuclear maintenance centre
was built and a new generation of instructors were
trained, as part of a project to improve the nuclear
plant's professional training system and conditions.
Future training needs are tied to the future nuclear
developments, including decommissioning, life
extension, and construction of new plants OECD
Nuclear Energy Study, "Nuclear Education and
Traning.. Causefor Concern? 2000. Accessible on
the Internet at http:llwww. neafr. (For a report on
the training centre, see the IAEA's WorldAtom pages
at htlp: l l w w w . i a e a . o r g /
worldatom/PressIBooklets/TcDeve lop/five.
htmBhungary).

Space restrictions limit the survey of nuclear
education trend to the above four countries.
However, the Australian situation is reviewed in the
Appendix below.

3. APPENDIX

The West Enquiry into Higher Education in Australia 1997
(Department of Education, Employment, Training and Youth Affairs)

A SUBMISSION ON TEACHING AND RESEARCH
IN NUCLEAR ENGINEERING AND NUCLEAR SCIENCE AND
TECHNOLOGY IN AUSTRALIAN TERTIARY INSTITUTIONS

By Leslie G Kemeny
Director -L & MKenieny and Associates - Consulting Engineers and Physicists

Scientific & Technical Editor - International Nuclear Energy Academy
(Submission Quoted in Part)

1. Introduction

As at September 1997, the Commonwealth of
Australia is without a single School of Nuclear
Engineering operating at a University level. Such a

situation is believed to be unprecedented amongst
the developed countries of the world. It is viewed
with a measure of incredulity by the academic
diplomatic and political communities of the
"developing" countries of East Asia and the Pacific
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Basin. Many of these have a massive investment in
the growth of peaceful nuclear energy and nuclear
science and technology within their borders. For a
country like Australia - about to displace Canada as
the world's premier uranium exporter - to ignore the
study of the uranium fuel cycle and its value added
technologies and industries indicates a pattern of
intellectual and economic neglect possibly
unparalleled in higher education policy and
academic history.

2. Nuclear Engineering

Together with Bioengineering and Aerospace
Engineering this discipline is at the leading edge of
modern science and technology. Apart from major
contributions to the field of energy supply and
research, Nuclear Engineers have made fundamental
contributions to society in many diverse areas such
as medicine, agriculture, food technology,
metallurgy, industrial control technology,
nondestructive testing and in many basic research
fields including fluid-flow, heat transfer, materials
science, neural network theory, radiation health and
safety and artificial intelligence.

3. Historical Perspectives

The vision for Australia's first - and only - School of
Nuclear Engineering was that of Sir Philip Baxter,
former Vice-Chancellor of the University of New
South Wales and Former Chairman of the Australian
Atomic Energy Commission (AAEQ. In 1954, an
Institute of Nuclear Engineering was established at
the University of New South Wales - the first of a
number of research institutes. It was this Institute
which in 1961 helped to set up the University's
School of Nuclear Engineering. The Institute was
also the vehicle through which the University
together with other Australian Universities helped to
set up the Australian Institute for Nuclear Science
and Engineering (AINSE). Financed by the
Universities and the Australian Atomic Energy
Commission, this body helped to facilitate the use of
the facilities of the Australian Atomic Energy
Commission by the Universities. In 1964, the
Australian School of Nuclear Technology (ASNT)
was established outside the AAEC establishment at
Lucas Heights to offer short courses in Nuclear
Technology to graduates and professionals. This
School was governed by the University of New South
Wales, AAEC and AINSE. The first Chairman of
the Board was Sir Rupert Myers, the second Vice-
Chancellor of the University of New South Wales.
The staffing of the School was largely from the
School of Nuclear Engineering UNSW and the
AAEC.

4. End of an Era?

Between 1961 and 1986 the School of Nuclear
Engineering together with the Australian School of
Nuclear Technology helped to train hundreds of
students from the level of undergraduate diplomas
through Doctoral studies to post-Doctoral research.

The two Schools attained an international reputation
and drew students from all parts of the world and
Australia, from 1986 onwards "political
correctness", funding attrition and a measure of
academic and administrative vandalism forced both
Schools into decline. The undersigned lost his
University Laboratory in 1987 and a major research
laboratory at Lucas Heights in 1990. By this time
both Schools had lost their identity and the Staff had
been dispersed.

5. Supplementary Material and Conclusions

The undersigned was involved in the life of the
School of Nuclear Engineering from 1966 onwards,
in active teaching and research and the
establishment of its laboratories. He gained an
international reputation in issues of nuclear safety,
the environmental impact of the uranium fuel cycle
and some areas of nuclear plant surveillance and
control. As representative of the School of the
Faculty of Engineering Executive Committee he
actively sought the preservation of the School and
the maintenance of Australia's only Chair of Nuclear
Engineering. He failed.

The Supplementary Material indicated the substance
of some of these activities. A decade after these
Memoranda were written, some 20% of the world's
electrical energy is supplied by the uranium fuel
cycle. The developing countries of the world are
embracing nuclear energy and Australia is facing
international criticism over her attitude to the
Greenhouse Gas Climate Change problem and a
potentially flawed Sustainable Energy Policy now in
the process of being drafted.

This brief submission is made to point out that at the
dawn of the new millennium and at a time when an
authoritative academic voices in the area of nuclear
science and technology are greatly needed by the
Australian community, none is available. For the
record, the undersigned is drafting a Mission
Statement for the establishment of a new School of
Nuclear Engineering at an appropriate Australian
University. The author apologies for the brevity of
this submission due to overseas commitments.
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