REACTOR ENGINEERING

Thinning
the
Reactor
Jungle

The Atomic Energy Commis-
sion is picking and choosing
among reactor concepts for

one to make the grade.

by Carl Behrens

By closing out an advanced concept
reactor program last month, the Atom-
ic Energy Commission has increased
its bet that the sodium-cooled breeder
is going to become the power reactor
of the future.

At stake is the $2 billion to $3 bil-
lion electric power companies are
spending now on nuclear reactors (SN:
12/31/66). The type of reactor avail-
able at present uses a form of uranium
—U-235—that is in very short supply.
Unless reactors can be developed that
use more available fuels, thorium or
U-238, the power stations now being
constructed will soon find their fuel
costs climbing sharply.

The reactor type the AEC dropped
from its development program—called
the organically cooled heavy-water re-
actor—is one of three intermediate
types: not as efficient as a fast breeder
reactor, but not as wasteful of fission
fuel as the light-water reactors being
built today. The remaining two of these
fair-mileage concepts will continue to
be developed in the hope that one will
tide the industry over until the real
economy-model breeder reactor is de-
veloped.

The crowded list of different re-
actor concepts, which the AEC must
constantly thin out if it isn’t to spend
more than the Defense Department or
end its support for reactor develop-
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Sodium-cooled reactor at the National Reactor Testing Station, ldaho.

ment, comes from the many factors
that affect reactor economy and effi-
ciency. They complicate a basically
simple process.

Nuclear power is produced by bom-
barding a fissionable atom with a neu-
tron. Under the right conditions, the
fissionable atom splits, releasing heat
energy, and also ejects more neutrons,
which then split other fissionable
atoms to continue the process.

The heat from the splitting atoms is
absorbed by a coolant. The coolant in
turn transfers the heat to water, which,
as steam, drives turbine generators.

The complications begin with the
choice of fissionable fuels. There are
three—uranium 235, plutonium 239,
and uranium 233—and each fissions
under different circumstances.

The only fuel that occurs naturally
is U-235. The cther two have to be
produced in the reactor itself from
what are called fertile materials: urani-
um 238 and thorium.

The easiest reactor to build—the
type now in use—depends on U-235.
The trouble is that U-235 makes up
less than one percent of natural urani-
um; the rest is U-238. Separating the
two is a big job because chemically
and physically they are very similar.
Besides, as a source of the kind of
large-scale power generation now fore-
seen U-235 is much too scarce to de-
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pend on. So the artificial fissioning
materials have to be developed.

Neutrons cause fission; they also
change fertile materials into fissionable
ones. Which they do depends on how
fast they are moving. Getting neutrons
to do the right thing while preventing
them from being absorbed and wasted
by the walls of the reactor, the waste
products or the coolant is largely a
matter of controlling the speed of the
neutrons emitted and designing the fuel
elements so right material is in a spot
to absorb the right neutrons.

U-235 fissions best with slow-moving
neutrons, so present-day reactors con-
tain a moderator that slows them
down. But slow-moving neutrons are
also more likely to be absorbed by
fission products. When too many neu-
trons are absorbed, not enough cause
fission and the chain reaction is brok-
en. Then the fuel element, though it
may contain a good deal of U-235, has
to be replaced and reprocessed.

Fissionable plutonium 239, however,
can be produced from fertile U-238.
This happens when an atom of U-238
absorbs a neutron to become U-239,
an unstable isotope which decays in
a few days to plutonium.

Plutonium, although formed with
slow neutrons, fissions better with fast
neutrons. Once you have plutonium,
then, fast neutrons are better because
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they cause more fission and are less
likely to be absorbed by waste.

Fast neutrons have another advan-
tage—sometimes they will cause the
fertile U-238 to fission. When they do,
an extra bonus of fission heat results.

With a fast reactor, then, uranium,
mostly U-238, is mixed with plutoni-
um produced elsewhere, and the two
are bombarded by fast neutrons. The
plutonium fissions, producing heat and
more fast neutrons. Some of the U-238
fissions, but most of it absorbs neutrons
and is changed to plutonium. If more
plutonium is produced than is con-
sumed, the reactor is called a breeder.
Eventually, of course, when all the
available U-238 is changed or fissioned,
the fuel element must be replaced.

Breeders can also be made using
slow neutrons. Thorium, the other fer-
tile material, absorbs a neutron and
then decays to U-233, which fissions
best with slow neutrons. With a fuel
combination of U-235 and thorium, a
slow neutron either fissions the urani-
um, producing more neutrons, or is
absorbed by the thorium, producing
U-233 which also can be fissioned.

For slow breeders, also called “ther-
mal” breeders, some way of slowing
the neutrons down must be provided.
This is done by any of a number of
moderators.

Out of this welter of variables, a
number of basic reactor types have
been conceived.

® The basic reactor being produced
today uses more-or-less concentrated
U-235 with thermal neutrons moder-
ated by a solid such as graphite. The
heat is removed by either boiling or
pressurizing water. This is not a breed-
er, although some plutonium is pro-
duced and can be salvaged from spent
fuel elements.

® Some advantages can be gained
from using heavy water as a modera-
tor, and a hydrocarbon fluid for a
coolant. The organic coolant doesn’t
have to be operated at such a high
pressure, and the fluid moderator
makes for more efficient use of the
fissionable uranium. But the advan-
tages were not great enough to carry a
development program ahead. The AEC,
having decided that it had gone far
enough to show that the organically
cooled heavy-water reactor could be
built, has left it at that point.

® Next in line is a high-temperature
gas-cooled reactor, which uses thorium
and U-235 as a fuel and helium gas
as a coolant. Although not a breeder,
this type does use thorium, which is
more abundant than uranium.

® Most promising of the slow-neu-
tron type of reactor is a thorium breed-
er that uses ordinary pressurized water
as a coolant. Since the present reactors
also use water coolants, the engineer-
ing problems are largely solved, and

Science Journal

Prototype cores using helium . ..

only the fuel itself has to be devel-
oped. The AEC expects to decide in
fiscal 1968 whether to put a thorium
core into an existing pressurized water
reactor as a demonstration project.

® While the thorium breeder pro-
duces its own fuel—U-233—from the
fertile thorium, it doesn’t make much
of a surplus. But fast breeders, using
the plutonium-U-238 cycle, do. The
estimate is that a fast breeder will be
able to double the amount of fissionable
material it started with in the space of
eight to 10 years—which means that
the surplus can be taken out and a
new plant started with it.
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. . . and liquid sodium.

The fast breeder the U.S. is bank-
ing on uses liquid sodium as a coolant.
Other coolants could be a gas, such as
helium, or pressurized water. Sodium
has an advantage; it doesn’t have to be
pressurized as do gas and water.

But the fast-gas and fast-water
breeders have their backers—in Eu-
rope. England particularly has devel-
oped the gas-cooled systems. West
Germany is working on both sodium-
cooled and water-cooled breeders.

The chances are that one of these
systems will come through in time—
in time being before the demand for
economical nuclear power pushes the
cost of nuclear fuel out of sight.
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3" ASTRONOMICAL TELESCOPE

See the Rings of Saturn, the fasci-
nating planet Mars, huge craters of
the Moon, phases of Venus. Equa-
torial mount with lock on both axes.
Aluminized and overcoated 3” diam-
eter high-speed f/10 mirror. Tele-
scope comes equipped with a 60X
eyepiece and a mounted Barlow Lens H
Optical Finder Telescope Included.
Hardwood, portable tripod. FREE with Scope: Valuable
STAR CHART plus 272-page “HANDBOOK OF HE
ENS’ plus ““HOW TO USE YOUR TELESCOPE’” BOOK.
Stock No. 85050Q._________________________ $29.95 Ppd.
44" ASTRONOMICAL TELESCOPE
$84.50 Ppd.

Stoek No. 85,105Q
GIANT WEATHER BALLOONS

At last . . . available in big 8’ and
16" diameter. (reate a neighborhood
sensation. Great backyard fun. Ex-
§ citing beach attraction. Blow up with
vacuum cleaners or auto air hose.
Sturdy enough for hard play; all
other uses. Filled with helium (avail-
able locally) use balloons high in
sky to attract crowds, advertise store
sales, announce fair openings, etc.
Amateur meterologists use balloons to measure cloud
heights, wind speed, temperature, pressure, humidity at
various heights. Photographers can utilize for low-cost
aerial photos. Made of heavy duty neoprene.
Stock No. 60,568Q 8’ DIAM

Stoek No. 60,632Q 16’ DIAM

NEW WORKING MODEL
DIGITAL COMPUTER
Fascinating new see-through model
computer actually solves problems,
teach ter fund: 1s. Adds,
subtracts, multiplies, shifts, comple-
ments, carries, memorizes, counts,
compares, sequences. Attractively colored, rigid plastic
parts easily assembled. 12” x 3%” x 4%”. Incl. step-
by-step assembly diagrams, 32-page instruction book cov-
ering operation, computer language (binary system), pro-

gramming, problems and 15 experiments.
$5.98 Ppd.

Stock No. 70,683Q
Order by Stock No.—Check or M.0.—Money-Back Guarantee

SEND FOR NEW 148-PAGE FREE CATALOG Q
Completely new, 1967 edition. New items, -categories,
illustrations, packed with hundreds of science, math, gen-
eral instructives. Low-cost models, kits, projects for both
demonstration and student participation.

$2.00 Ppd.
$7.00 Ppd.

ORDER BY STOCK NUMBER « OPEN ACCT. TO RATED FIRMS « MONEY BACK GUARANTEE

EDMUND SCIENTIFIC CO.

BARRINGTON, NEW JERSEY 08007

Why Do You

Have A Poor
Memory?

A noted publisher in Chicago reports there
is a simple technique for acquiring a pow-
erful memory which can pay you real divi-
dends in both business and social advance-
ment and works like magic to give you
added poise, necessary self-confidence and
greater popularity.

According to this publisher, many peo-
ple do not realize how much they could
influence others simply by remembering ac-
curately everything they see, hear, or read.
Whether in business, at social functions or
even in casual conversations with new
acquaintances, there are ways in which you
can dominate each situation by your abil-
ity to remember.

To acquaint the readers of this publi-
cation with the easy-to-follow rules for
developing skill in remembering anything
you choose to remember, the publishers
have printed full details of their self-train-
ing method in a new book, “Adventures in
Memory,” which will be mailed free to
anyone who requests it. No obligation.
Send your name, address, and zip code to:
Memory Studies, 835 Diversey Parkway,
Dept. 540-014, Chicago, Ill. 60614. A

postcard will do.—(Adv.)
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