Nuclear Engineering at Caltech

A subcritical nuclear reactor, to be used in nuclear
studies, has just been assembled at Caltech. The com-
pact 310,000 reactor is the first of its type to be in-
stalled in an American college or university tinder a
grant of the Atomic Energy Commission’s education
program.

The reactor was designed and manufactured by the
Nuclear-Chicago Corporation for student instruction.
With this reactor most of the characteristics of an
operating power-producing reactor can be demon-
strated and studied. It consists of a stainless steel tank
four feet in diameter and five feet high, in which is
inserted a grid of vertical aluminum tubes arranged in
a symmetrical pattern. There are 260 vertical tubes
standing in this tank, each containing five slugs of
natural uranium metal. There are 1,299 slugs in the
whole assembly, the total weight of uranium being

Harold Lurie, associate professor of applied mechan-
ics, assembles a patiern of uranium-filled fubes in Cal-
tech’s new subcritical niclear reactor.
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about 234 tons. The uranium, valued at $100,000, is
on loan to the Institute from the AEC.

The volume between the tubes is filled with about
435 gallons of purified water, which not only serves as
a shield but also slows the neutrons so they can more
effectively bombard and split the uranium atoms. The
center tube contains a neutron source made of a mix-
ture of five curies of plutonium and beryllium. The
neutrons from this source are slowed down by the
water and then absorbed by the uranium to cause
fission. The fission process in the assembly results in
a multiplication of the neutrons by a factor of approxi-
mately seven. , :

The chain reaction cannot be mairtained in the
absence of a neutron source, and in this respect the
assembly differs from a power-producing reactor. This
characteristic of being unable to achieve criticality
(i.e., a self-sustaining chain reaction) makes the as-
sembly inherently safe for student use, as a nuclear
accident is impossible. However, the subcritical reac-
tor is quite adequate for studying many of the steady-
state characteristics of a full-scale power reactor. The
student may therefore become intimately acquainted
with the applications of reactor theory and design.
For example, by changing the geometric configura-
tion of the uranium lattice, he can check for himself
what effect this would have on the characteristics of
a critical reactor.

The influence of atomic energy on engineering has
become increasingly evident ever since the discovery
of nuclear fission. But it is only within the past decade
that reactor technology has advanced to the point
where its future is assured. Submaririe nuclear power
plants demonstrated very dramatically that a new
branch of erigineering had been weaned. Stationary
niiclear power plants are presently being installed,
with many more in the planning stage, and applica-
tions of nuclear systems to such other fields as aircraft
and rocket propulsion are being seriously studied.
Radioactivity and isotopes, too, are playing an in-
creasingly important role in industrial applications.

At Caltech the possibility of incorporating educa-
tion in the atomic energy field was recognized several
yedrs ago — but how to delineate an appropriate area
of study was not at all obvious. In view of the “glamor”
of nuclear energy, there was a danger of over-empha-
sizing its importance with respect to the established
branches of engineering. There was also some doubt
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whether, from an engineering point of view, addi-
tional specialization was called for. It seemed appar-
ent that at least some of the applications to reactor
technology could be 111c0rp()rdtcd in the existing engi-
neering curriculum.

In point of fact, reactor technology encompasses
an unusually wide field of the engineering sciences,
and includes many of the conventional subjects as
well as those peculiar to the new industry. There are
major contributions to be made in reactor develop-
ment by engineers of every specialization. But such
mechanical, electrical or chemical engineers, for ex-
ample, must have some familiarity with the applica-
tion of modern (as well as classical) physics if they
are to apply their specialties to reactor technology.
The program at Caltech was formulated with this in
mind. In addition, the curriculum was designed to
provide suitable courses for those students who want-
ed to specialize in reactor theory in its application to
engineering,

The additional courses which have been introduced
include the study of applied nuclear physics, reactor
theory, shielding and radiochemistry. These special
courses were thought to be taught most appropriately
in the graduate school. No changes in the under-
graduate curriculum were envisaged, except that ex-
amples from the nuclear field have been included in
the undergraduate subjects wherever appropriate. The
additional courses have been included in a new fifth
vear nuclear energy option in mechanical engineer-
ing — a -parallel option to the previously existing ones
of jet propulsion and physical metallurgy. Accord-
ingly, a student interested in nuclear engineering will
take a regular engineering course in his undergradu-

ate work, and continue in the fifth year in the nuclear

energy option of mechanical engineering. Graduate
students in other engineering options can take, as
electives, selected subjects in the new option to enable
them to apply their specialties to reactor development.

Final operations in the assembly of the $10,000 sub-
critical nuclear reactor.

December, 1958

Five slugs of uranium are loaded into each of the 260
tubes that go into the atomic reactor. The uranium,
valued at $100,000, is an AEC loan.

The graduate program developed in this way has
been approved by the Atomic Energy Commission as
fulfilling the requirements for students receiving an
AEC Special Fellowship in Nuclear Science and Engi-
neering. These fellowships are similar to those offered
by the National Science Foundation, and allow a stu-
dent up to three years of graduate study at a school
whose nuclear engineering program has been ap-
proved by the AEC. This year there are seven gradu-
ate students enrolled in the nuclear energy option, of
whom four hiold AEC fellowships.

An essential part of the nuclear course is training
in the laboratory. As a result of an AEC grant, a new
laboratory has been equipped to teach engineering
students the techniques of nuclear measurements. The
laboratory contains a representative group of radia-
tion-measurement instruments which can be used by
the students to provide familiarity with those phe-
nomena which are encountered in the reactor busi-
ness. With the subcritical reactor installed i this
laboratory, it is felt that Caltech is now in a position
to offer a balanced and appropriate program to stu-
dents interested in this phase of engineering.
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