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INTRODUCTION 

Gaseous core reactors use a gaseous fissile mate-
rial as fuel for power generation. The fissioning gas 
"drives" the reactor core; a wide variety of physical 
arrangements using external or internal moderation of 
neutrons and methods of containing the gas and ex-
tracting the energy have been suggested. Scientific 
research has been conducted on candidate concepts for 
the past 30 years, but no engineering feasibility study 
has been completed or reported in the open literature. 
Most of the research has been limited to conceptual 
phase studies, with a few experimental programs con-
ducted to determine basic neutronics and fluid char-
acteristics and the associated materials and materials 
interaction studies. 

The promise of significant enhancement in key 
aspects of nuclear power generation — including im-
proved fuel utilization, safety, plant efficiency, special 
high-performance features, lead-following capabilities 
and power conversion optimization, and its unique 
potential for space power applications — has kept the 
gaseous core area alive throughout these decades of 
erratic directions in the development of nuclear power. 
Periods of significant research activity have been fol-
lowed by periods of very reduced efforts as funding 
cuts were effected. 

The major research efforts in the United States 
were coupled to the nuclear space power program; 
these were essentially halted in 1973 when the program 
was canceled. Only two research programs on gaseous 
reactors continued during the 1970s: the mixed-flow 
gaseous reactor studies of Los Alamos National Lab-
oratory (LANL) and United Technology Research 

Center (UTRC) and the cyclic gaseous core and heter-
ogeneous gaseous reactor studies at the University of 
Florida. In addition, an effort to determine the poten-
tial and viability of gaseous core reactors for large 
commercial electric power generation was conducted 
under the Nonproliferation Alternative Systems As-
sessment Program (NASAP). 

HISTORY 

The first U.S. analytical studies of a gas core nu-
clear reactor were reported by Bell1 of LANL in 1955. 
The reactors considered consisted of spherical cavities 
fueled with uranium hexafluoride (UF6) gas and sur-
rounded by heavy water (D20), beryllium, or graph-
ite moderating reflectors. Other early analytical studies 
included those by Safonov2 in 1958, Ragsdale and 
Hyland3 in 1961, Hyland et al.4 in 1963, and Herwig 
and Latham5 in 1967. Since the critical particle den-
sities of fissionable atoms in these systems correspond 
to molecular densities of gases at less than atmospheric 
pressure, the term "cavity reactor" was applied to these 
configurations. Configurations investigated included 
233U-, 235U-, and 239Pu-fueled systems; moderating-
reflector materials considered included D20, beryllium, 
and graphite. The early studies were directed toward 
determining basic reactor physics parameters for these 
systems. Quantities calculated included critical masses, 
critical sizes, material reactivity worths, temperature 
reactivity coefficients, and potential breeding ratios. 
The results included evaluations of the relative effec-
tiveness of the various fuels and moderating-reflector 
materials. 



Analytical studies of gaseous core nuclear rocket 
engines were carried out by Plunkett6 in 1967. La-
tham7"9 and Latham et al.10 conducted a series of 
extensive calculations (1966-1969) for a nuclear light-
bulb (closed system) gaseous core reactor rocket en-
gine. Coaxial flow (open system) gas core nuclear 
rocket engines were examined by Hyland11 in 1971. 
The light-bulb and coaxial flow rocket engine systems 
are actually plasma core concepts, since the fissioning 
gases are assumed to be fully ionized. Parameters cal-
culated again included critical masses, critical sizes, 
material worths, pressure, and temperature reactivity 
coefficients. 

The first comparison of theoretical predictions 
with experimental data for a gaseous uranium core 
reactor was performed by Kikoin et al.12 and reported 
in Moscow in 1959. Neutronic parameters and UF6 
behavior and conditioning with fluorinating agents 
were reported. The core had internal moderation 
(beryllium) and a graphite reflector. It went critical 
with 3340 g of uranium at 90% 235U. The first such 
study in the United States was conducted by Mills13 in 
1962. In 1965, Jarvis and Beyers14 of LANL made a 
comparison between theoretical predictions and exper-
imental results for a DzO reflected cavity reactor. 

A series of critical experiments (1967-1969) was 
performed by Pincock et al.15'16 and Kunze et al.17 to 
test the ability of calculational procedures to evaluate 
criticality and other reactor parameters for a config-
uration closely resembling a coaxial flow system. A 
benchmark critical experiment, with spherical symme-
try, on a gas core nuclear reactor concept was reported 
in 1972 by Kunze et al.18 More recent experimental 
research programs on gas core reactors at LANL were 
reported in 1977 by Jarvis et al.19 

Much of the early gas core reactor research was 
motivated by a desire by the U.S. National Aeronau-
tics and Space Administration (NASA) to apply such 
systems for rocket propulsion in space. The original 
conceptual gaseous core nuclear rocket engines are 
specialized systems in which nuclear energy is gener-
ated and converted into thrust by the expulsion of 
heated gases in the plasma state. The application of 
gas core reactors to large central station electric power 
generation also had some early investigations. In 1969, 
Gritton and Pinkel20 of the Rand Corporation re-
ported one such study in which a 4000-MW(thermal) 
spherical gaseous core system with a 5-ft radius was 
analyzed at a pressure of 11 atm. The central cavity 
was surrounded by a moderating-reflector region and 
by banks of energy conversion devices; the core was in 
a plasma state. 

A significant series of theoretical and experimen-
tal investigations on gaseous reactors was conducted 
by Williams and co-workers21"28 at The Georgia Insti-
tute of Technology from 1968 through 1975. The con-
cepts investigated centered on plasma cores, breeder 
reactor power plants, and advanced energy conversion 

systems, with extensive work on magnetohydrodynamic 
power systems. 

A novel concept in gas core reactor design was 
introduced in 1974 by Diaz and Dugan29,30 and Diaz 
et al.31 The heterogeneous gas core reactor (HGCR) 
contains an array of moderator channels arranged in 
the gaseous core region. The HGCR thus has "inter-
nal" moderation and the core heterogeneity leads to 
significant thermal-hydraulic and energetic advantages 
along with improved technological feasibility with 
respect to other gas core reactor concepts. The HGCR 
was proposed for central station electric power gen-
eration and utilizes UF6 gas at temperatures in the 
vicinity of 1000 K, in contrast to the plasma core con-
cepts that were analyzed at significantly higher oper-
ating temperatures. 

Other studies of gas core reactors applied to ter-
restrial power plants were reported by Rust and Cle-
ment32 in 1976. They examined externally moderated 
UF6 breeder reactor plants in which the blanket was 
molten salt; nonionized gases were used for the fuel. 

A study by Lowry33 in 1977 examined the mixed-
flow gas core reactor (MFGCR) concept. The MFGCR 
employs a cluster of seven cavities externally mod-
erated by beryllium and surrounded by a molten 
salt breeding blanket. The fuel gas mixture is passed 
through the core region by circulators to remove heat 
from the reactor and transport it to the intermediate 
heat exchangers. The multicavity concept provides bet-
ter moderator distribution for the thermal reactor than 
a single reflected cavity and is necessary for the mix-
ture temperature control required in the mixed flow 
concept. "Mixed flow" refers to gas mixing at the out-
let of each cavity; a hot, slowly moving portion of the 
gas in the central part of the cavity (average exit tem-
peratures of 1000 K) mixes with a cooler swirl flow of 
fuel gas that maintains contact with and cools the 
cavity wall to -800 K. The vortex separation of the 
fuel gas into two streams in each cavity is accom-
plished by tangential injection slots in each cavity. The 
UF6 fuel mixture enters a distribution manifold at the 
top of the reactor vessel, flows through the cavities, 
and is collected in a discharge manifold at the bottom 
of the vessel. The mixture leaves the vessel and flows 
through heat exchanger and a circulator. A second 
helium loop cools the moderator and blanket. An 
experimental program on the basic measurements of 
an MFGCR was used to prove predicted behavior of 
the concept.34 The program, under NASA sponsor-
ship, was conducted by LANL and UTRC at Los 
Alamos. Several critical configurations were success-
fully achieved and a nonfissioning simulation of vor-
tex flow conditions was established; however, the 
program was prematurely aborted due to lack of con-
tinued financial support. 

A significant departure from the above steady-
state gas core systems is to be found in two pulsed 
gas core reactor concepts. The pulsed nuclear piston 



(PNP) system, also known as the nuclear piston en-
gine, was first studied by Kylstra et al.35 Early studies 
were extended by Dugan36 in 1976 and by Diaz et 
al.37 in 1978. The PNP consists of a small pulsed 
gaseous core reactor enclosed by a moderating-reflector 
cylinder and piston assembly that operates on a ther-
modynamic cycle similar to the internal combustion 
engine. A sister concept is the pulsed gas generator 
(PGG) reactor proposed by Diaz et al.38,39 in 1979. 
The gas generator is similar to the nuclear piston con-
cept, except that it employs a core of fixed dimensions. 
The PGG concept has the advantage of mechanical 
simplicity, since it requires no moving piston; however, 
the PGG concept has a lower efficiency than the PNP 
system since it yields only thermal and no mechanical 
or shaft power. These pulsed systems have the advan-
tage of attaining high peak values of variables, such 
as temperature and pressure, while maintaining rela-
tively low cycle-averaged values. Power generation for 
these pulsed systems per chamber is of the order of 
a few megawatts for steady-state use and up to hun-
dreds of megawatts for transient operation. Analyti-
cal studies on these pulsed cores were compared with 
experimental results obtained at the plasma core 
assembly at LANL (Ref. 39) and are reported in detail 
in the following three papers in this issue of Nuclear 
Technology. 

The NASAP, started in 1977, included studies on 
a series of advanced but less developed reactor con-
cepts with good potential for contributing to the goals 
of the U.S. nonproliferation and energy production 
program developed under President Carter's adminis-
tration. As part of the NASAP evaluation, an inte-
grated assessment of 11 advanced gaseous core nuclear 
power system concepts was performed. Five of the 11 
well-documented concepts were judged as having the 
best potential for satisfying the objectives of the 
NASAP plan. The concepts selected on that basis for 
further evaluation were the mixed-flow reactor power 
plant, the closed cycle uranium plasma reactor', the 
UF6 breeder reactor power plant, the heterogeneous 
gas core reactor, and the coaxial flow uranium plasma 
reactor (see Ref. 39). 

A final report40 entitled, "A Gaseous Core Reac-
tor System Characterization for NASAP," reached 
additional basic conclusions obtained from the value 
engineering study of the reactor concepts, which we 
quote: "Group consensus indicated that either the Het-
erogeneous Gas Core Reactor concept or the Mixed-
Flow concept could be used as a basis for the final 
plant design. Since inventories and resource utilization 
features of the Mixed-Flow reactor appeared more 
attractive, efforts (for the remainder of the contract) 
were concentrated on that concept," and 

1. The UF6-fueled reactors are the most attractive. 

2. A carrier gas in addition to UF6 is preferable 
for heat transport. 

3. A low-enrichment cycle is most attractive for 
nonproliferation. 

4. Increased inventory by the use of low-enriched 
UF6 improves heat removal. 

5. The sustainer/breeder cycle is most attractive 
for resource utilization. 

6. Sustainer operation is feasible with a low-en-
richment core. 

7. Chemistry/materials and several other problems 
still require R&D. 

It should be pointed out that the referenced NASAP 
report contains a very complete bibliography of the 
published literature for gaseous core reactor power 
systems. 

CONCLUSIONS 

Extensive analytical studies have been performed 
on many different gas core reactor concepts over the 
past 25 years. Neutronic experiments conducted dur-
ing this period have been mostly restricted to verify-
ing predictions for criticality and basic reactor physics 
parameters, such as reactivity coefficients and neutron 
lifetimes; space-, energy-, and time-dependent experi-
ments39 were recently completed at LANL. Basic 
materials, fluid flow, and heat transfer experiments 
have also been conducted for some of the gas core 
reactor concepts. 

Several promising gas core reactor concepts exist 
for large central-station electrical generation, most 
notably, the MFGCR and the heterogeneous gas core 
reactor. Compact pulsed gas core reactor systems are 
also promising concepts for megawatt-range steady 
output or for applications requiring short pulses in the 
hundreds of megawatts. The nuclear space propulsion 
and power applications appear to be making a "come-
back"; undoubtedly, the gaseous cores will be reana-
lyzed if an appropriate mission is identified. 

Major obstacles to the establishment of a gaseous 
core reactor technology are materials compatibility, 
gas dissociation, fissile materials deposition, and gas 
handling and purification problems. Also, engineered 
safeguards will be required to detect and minimize gas 
leaks for closed systems. 

Major advantages are dependent on the gaseous 
fuel state characteristics for the intended application. 
Obviously, the gaseous fuel "liberates" the core from 
cladding and fuel-imposed constraints and offers high 
fuel utilization for space missions. The gaseous core 
offers significant safety and operational advantages 
over solid fuels in the areas of stresses during launch-
ing, temperature, burnup-induced stresses and defor-
mation, ease of disposal in space (including during 
potential reentry emergencies), and in refueling capa-
bilities. 



The leading gaseous core reactor concepts have 
reached an identifiable stage of scientific feasibility. 
Technical assessments indicate they are excellent can-
didates for space propulsion and special power appli-
cations. Terrestrial applications appear to be severely 
limited, given the present developmental climate; con-
sideration for large commercial power stations is not 
foreseen in this century. 
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