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COMPACT AND SAFE NUCLEAR REACTOR
Carroll B. Mills and Robert I. Brasier, Los Alamos,

N. Mex., assignoss to the United States of America as
represented by the United States Atonlic Energy Com-
mission
Continuation-In-part of application Ser. No. 833,932,

June 17, 1969. This application Oct. 27, 1971, Ser.

No. 192,950
Int. Cl. G21¢ 1/06

U.S. Cl. 176—50 3 Claims

ABSTRACT OF THE DISCLOSURE

A compact, lightweight and low cost nuclear power re-
actor that is safe to build and operate. The reactor core
contains the absolute minimum critical mass for the nu-
clear fuel uscd and any change in materials or geonietry
will reducc the reactivity of the assembly. A beryllium
reflector surrounds the core and a liquid moderator-cool-
ant circulates through and around it. The device is
cnclosed in a pressure shell and control is accomplished
by state of the art means. The core can be chemically
processed and fabricated in one lot and the reactor will
not become critical until the core is surrounded by the
beryllium reflector and filled with the liquid moderator-
coolant,

CROSS REFERENCE TO RELATED APPLICATIONS

This application is a continuation-in-part of S.N. 833 -
932 filed June 17, 1969.

BACKGROUND OF THE INVENTION

The invention described herein was made in the course
of, or under, a contract with the U.S. Atomic Energy
Commission.

This invention relates to the field of nuclear power re-
actors and niore particularly relates to a compact reactor
that is much safer than reactors of the prior art. The
term “minimum critical mass” will be used in the descrip-
tion of this invention; therefore, some information about
the tcrm wiil aid in obtaining a more comprehensive un-
derstanding of the invention. The critical mass of a re-
actor is that niass of fissionable fuel which determines that
the numiber of neutrons produced in the fission process
just balances those lost by escape and capture. The mini-
nuun critical mass is the absolute minimum or least
aniount of fissionable fuel necessary for critical niass un-
der any possiblc set of conditions, The minimum critical
mass concept resulted from an extension of reactor physics
into a range of critical mass values lower than any pre-
viously knowil.

Reactors of the prior art have included safety hazards
in their construction. Many safety features have been de-
veloped to combat these hazards but an optimum system
has not yet been developed. One of the most important
reactor safety featurcs is a built-in safety design. This is a
reactor that will shut down should anything go wrong.
An exaniple of this is the negative temperature coefficient
concept whereby the reactor tends to shut itself down as
thc 1emperaturc increases. Because prior art reactors have
used fuel amounts well above the minimum critical mass
and in concentrations such that dimensional or compo-
sition changes due to accidents can cause a more critical
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tural breakdown might isolate a portion of the reactor
from any further adjustment in a control sense and that
portion could be a supercritical mass. Mechanical de-
formation resulting in local compression of the fuel, loss
of coolant, etc. could conceivably cause a hazardous nu-
clear transient. A further hazard is that the fuel element
could not be chemically processed and fabricated in onc
lot because the critical mass of the reactor was normally
many times larger than the minimum critical mass, so it
could be supercritical at several stages in the handling
sequence. For the same reason, care had to be takcn that
the multiple parts of fuel element were not allowed to
become so closely associated that a critical mass was
formed. ‘Extreme care was also required to prevent re-
flector and moderator materials from becoming associated
with the fuel in a manner that would produce dangerous
geometries.

SUMMARY OF THE INVENTION

The reactor of this invention is for a very special nu-
clear power supply that is at an extremum in simplicity,
safety, and so cost and general usefulness in low powcr
applications. It must use a beryllium reflector, be cooled
by light water, use less than 800 grams of uraniuni-235
but more than 400 grams of uranium-235, and may be
fabricated with the core a single unit siructure.

The reactor of the preseat invention overcomes many
of the disadvantages of the prior art because any gross
accidental change in materizls or geometry will reduce
the reactivity of the assembly. Before the reactor can go
critical, the following conditions niust be simultaneously
met; the core must be surrounded by a beryllium mectal
reflector, and it must be filled with the liquid moderator-
coolant. Since the fuel is near the minimum critical mass,
any change other than in a control device will tend to
reduce reactivity.

The smallest power producing reactors of the prior art
have, in general, fuel cores of at least 1000 grams. The
reactor of this invention has a fuel core well below that
amount. For comparison purposes, it can be stated that
any reactor incorporating the fundamentals of this inven-
tion will have a fuel amount in the range of 400 to 800
grams. The fuel amount of this invention is the minimum
critical mass for the fuel used, plus an allowance for the
various other factors required in an operating rcactor. The
additional amounts of fuel are determined by such things
as the amount required for temperature compensation,
for the poisoning effect of the structural elements, the
poison effect of the changing fuel composition due to fis-
sion product formation, and for fuel burnup.

It is therefore an object of this invention to provide a
reactor that is safe to build and operate.

It is a further object of the invention to provide a re-
actor that is compact, low cost, and lightweight.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 shows, in partial section, one embodiment of
this invention.

FIG. 2 is an isometric cutaway view of the core of the
reactor shown in FIG. 1.

FIG. 3 shows the relationship between several of the
best reflector materials and uranium-235 mass.

FIG. 4 shows the minimum critical mass for uranium-
235 in a water solution and with a beryllium reflector, and
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DESCRIPTION OF THF PREFERRED
EMBODIMVENT

The rericiar shown in FIG. 1 is designed to operate at
©power levels up to 300 Kilawarts thermal with water cool-
ant ai o lemperatirs of SO0-600° 7. and a pressure of
1200-1302 ps.i. Hf crature rise of 70° F. is allowed
through {12 reacter, 1 Gow rate of ~S4 gallons per minute
wesaha be required. The fuel consists of from 400-800
ginms of ausiched (83-549 uranium-235) uranium in the
founn af umeima oxide contained in the cylindrical core 1.
Thz core } is surrcunded by a beryllium metal veflector 2
- with a thickness of zbout 12 inches. In addition there is a
cuarwiitional core structure element 20 which supports the
© povitoning of the core 1 and provides an overall channel
for tiie retnrn of coolant after passing through the retlec-
tor 2 and core 1. Water is nsed as the coolant and works
effectively as a moderator. The water enters at inlct 4.
circulates through a system of inlct passages 7, lower
horizontal reflector coolant passages 23, ccolant disper-
sion element 21, fuel element coolant channels 22, outlet
passages 10, and exits at outlet 25. The balance of the pri-
mary circuit consists of a conventional heat exchanger 12
and pump 13. The containment vessel 5 is 34 inches in
diameter and may be as little as 34 inches in length. The
amount of fuel used including allowance for the various
other factors required in an operating reactor is thc mini-
mum for criticality when the rcacior is filled with water.
Control of the reactor is accomplished by state of the art
means and is shown as a movcable lzoron contro} elenient
6 which is cooled by flowing water through passage 24.

The fucl, contained in a cylindrical corc as shown in
FIG. 2, is approximately eight inches in diameter aud eight
inches tall, consists of 400-800 grams of enriched (93-
94% uraninm-235) uranium in the form of uranium oxids.
The U0, is mixed homogeneously with silicon carbide in

- fuel clemeass 8 consisting of 79 UO, and 93% SiC. The
fuel element material 9 is thin enougl, about 0.020 inch,
to have adequatc heat transfer and neutron self shielding
properties. No theoretical minimum exists but current
fabrication state of the art appears to limit the thickness
to a few thousandths of an inch. Elements § are shaped in
snch a way as to ensure rigidity, create uniform interstitial
coolant channels 22, contain a large moderator-volunie
fraciion and approximate a homogeneous distribution of
fuel. As shown in FIG. 2, the inventor has uscd a hexa-
gonal shaped fuel elcmen!. The entire core is chemically
processcd and fabricated in one lot by state of the art proc-

.essing and fabrication metliods.

FIG. 5 shows a cross-sectional view of a fuel elemcnt 8
and in particular shows the coolant channel 22 and the
loading of uraninm-235 within the said element. This
figure further shows the dimensions in the preferred
embodirent of this invention as being approximately two
hundredths of an inch thick and having a dimension of
28 hundredths of an inch across the points of the hexa-
gonal eiement. The matrix 9 contains the uranium-235 dis-
persed throughout the core structure with said uranium
totaling iu the range of 400-800 grams. The fuel elernents
are in a single unificd integral structure and are clad with
a material that is thc same as the matrix base nmiaterial:
This cladding 11 is typically only a few thousandths of an
inch thick. and in this embodiment it wonld be SiC. The
matrix material may be aluminum oxide, silicou carbide
{as described in the preferred embodiment) or zirconinm
metal plus uraninm-235 in the form of uranium dioxide.
The cladding is the same as the matrix material, for
cxampie, zirconiuwm tuctal with no uraniuin oxide acldition.

The graphical presentation of FIG. 3 campares rcflector
nateriass showing the ninimunn critical mass values for the
fissionable isotope uraniiun-235 in a water soluticn. Refer-
ring to the graplh, it is apparent that among the materials
shown beryllinm is the test reffector in terms of reducing
critical mass and in actuality beryllium is the best refice-
tor of uall known materials. In addition, IFIG. 3 indicalces
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that use of beryllium as a reflector has inherent sufety
features because any other materials substitution or change
replacainent of the beryllium would reduce reactivity.

Afwer deciding that beryllitnn is the ideal material for
use as a reflector, it is necessary to determine the mininmum
critical mass for the fuel. Using well known nuultigroup
ncutron transport approximation (S,) computing nieth-
ods, the graphical prescntatiou shown in FIG. 4 was pre-
parcd. The nupper curve is the critical mass as a function of
uranium-235 density (kg./liter) in H,O-nioderated and
refleccted solutions in spheres and the lower curve shows
the corresponding values with a beryllinum reflector.

By similar analyses, all utilizing methods well known in
the art, it is possible to establish the necessaty pavameters
for construction of safe reactors operating on other fuels
siuch as uranium-233 or plutoniun-239, other enrichments
of uranium-2335, otlier reflectors, and other fuel element
materiuls for further cost reductious while remaining in
the safc area shown in FIG, 4. “Minimum critical mass” is
that amount of fissionable fuel as shown in FIGS. 3 and 4.
All of the effects of material, geometry, and temperature
have bezn adjusted to provide a minimum critical mass for
each fuel concentration shown. The minimum fuel cou-
centration is thus a miinimum in a nmltitude of possibili-
ties and i$ an absolute minimum, Addition of these other
factors to permit a properly engineered design for power
production, such as cylindrical instead of spherical geom-
etry high water (moderator) temperature for energy
rcmoval, etc., incrcases this critical mass minimum to
higher values, but values still on the minimum of the criti-
cal miass as concentration relation that is graphically
illustrated. .

In addition to the safety featurcs of the reactor of this
invention, othcr distinct advantages are important, By
establishing minimum size parameters for a reactor, jt is
possible to design thc associated equipment without it
becoming obzoleie because of changes in size of the power
source, It can be seen that the reactor including mecliani-
cal attachments and pressure shell approximates the size -
of an average man.

Nuclear crergy for power production holds great prom-
ise for the future. However, the acceptability and hence
the ultimate utility of nuclear power depends to a great
degree upon safety aspects. Governnient regulations
regarding safety are constraints that must be considared
when a reactor is being designed. Public opinion also plays
an important role in the growth of the reactor iudustry
and safety is a prime factor in public opinicn.

This inveurion is intendcd to be basic and not dependent
on description of compouents that may be any one of a
large variety of shapes and conipositions. As presently con-
ccived, the fuel will be dispersed uniformly in a structure
of symmetrical hexagonal shaped fuel clement that is a
low neutron absorption cross section material such as alu-
minum, silicon carbide, or zirconium. This is very easily
fabricablc and made of familiar, cheap materinl. Alter-
nately, simple aluminum or silicon carbide flat or corru-
gated piates, or tubes, also homogeneously fuel loaded
(e.g., uranium-235) may be used.

Wlhati «e claim is:

1. A nuclear reactor comprising a Tuel cylindrical core
having rtore than 400 grams but less than 800 grams of
cnriclied uranium, all of the fuel in snid core consisting of
said enriched nranium whiclu is 93-94 percent by weiait
uranium-235 in the form of uraninm oxide, a beryllinm
mwetal reflecior surrounding said core, pump means to cir-
culate a moderator-coolant fluid consisting of lizht water
throvgh and around said c¢ore and through a heat
cxchanger, and a pressure shell surrounding said reflecror.

2. The rveactor of ¢iluim 1 wherein the ¢ylindrical coe
cor of a unitary fucl matrix hayiag a pluratity of walls
ittegraliv forined in a houeycomb pattern and forming
miiform intersitial coolant channcels therein, each of sui
walls having a wall thickness of abont 8.20 inch, and suid
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3. The reactor of claim .1 in which the said pressure
shell is about 34 inches in diameter aud 34 inches in height. CARL D. QUARFORTH, Primary Examiner

5 H. E. BEHREND, Assistant Exanii
Referentcs Cited {. E. BEHREND, Assistant Exantincr
UNITED STATES PATENTS US. Cl. XR.
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