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The Politics of Extravagance
The Aircraft Nuclear Propulsion Project

Carolyn C. James

How DID THE U.S. NAVY GET INVOLVED in a ponderous, pricey,
and ultimately pathetic effort to achieve nuclear-powered
flight? The Navy was the post-World War II leader in supporting re-
search for technological innovations intended to strengthen U.S.
military might;! the Aircraft Nuclear Propulsion Project (ANP),
however, is one instance in which it would have been better not to
have been involved at all. Unfortunately, the story that will be told
here—one of interservice rivalry over appropriations—has a familiar
ring. Some might prefer that this seemingly lost chapter in naval his-
tory remain in dusty boxes at government archives; as will become
apparent, it does not place its principals in a very positive light. It is
important, however, that this story be remembered and retold. In the
post-Goldwater-Nichols spirit of reducing interservice conflict, les-
sons can be drawn from proposals based as much (or more) on jeal-
ousy as on prudence, and from ideas more fantastic than feasible.
This is true even when the events at issue are several decades old; as
the saying goes, those who forget the past may end up reliving it.
The ANP project, a manifestation of the American push for inno-
vation in aviation technology, now seems like a figment of the Cold
War imagination.2 The nuclear jet, originally envisioned by the Air
Force, was to be capable of extremely long-term, continuous flight
without refueling. The program, which commenced under the Joint
Committee on Atomic Energy (JCAE) and the Lexington Project of
the Atomic Energy Commission (AEC), located at the Massachu-
setts Institute of Technology, ballooned into a massive research and
development effort. The ANP project spanned almost fifteen years,
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included about two dozen governmental and private institutions,
and consumed over a billion dollars (in 1950s currency). The ANP
ultimately failed: no aircraft of practical value that used a nuclear re-
actor for its power plant ever materialized. The final decision to scrap
the project reflected more concern about cost and negative public
opinion than about feasibility—a feasibility that may be judged by
the fact that even today, and for the foreseeable future, nuclear-pow-
ered aircraft remain technically possible but too problematic, along
several dimensions, to be realized.

This article begins, after placing the ANP project in historical con-
text, by explaining the technological obstacles it had to overcome be-
fore atomic flight could have been realized. By the early 1950s the
project was still highly debated but had matured into a complex re-
search and development effort; a chronicle of the Navy’s role, begin-
ning in this period, follows. As will next be seen, the project would
fall victim to rising costs, competing weapons systems, and ulti-
mately the fears that often accompany the use of nuclear energy. The
article concludes with a brief review of the project as well as of its af-
tereffects.

On 8 August 1945, as a world torn by six years of conflict consid-
ered the prospects of peace and rebuilding, the commander in chief
of American military forces looked ahead to the nation’s future secu-
rity needs. Although the predictions of General Giulio Douhet, the
early-twentieth-century aviation theoretician, about the social im-
pact of strategic bombing had not fully materialized, it was clear that
airpower had become a key component of national defense.? A memo
from President Harry Truman to Henry Stimson, the secretary of
war, drew attention to the importance of aircraft development. “It is
vital to the welfare of our people,” Truman emphasized, “that this
nation maintain developmental work and the nucleus of a producing
aircraft industry capable of rapid expansion to keep the peace and
meet any emergency.” In particular, the United States would need an
“adequate number of advanced and developmental aircraft.”* These
assertions, which undoubtedly reflected even earlier conclusions
about the need to keep ahead of the Soviet Union, provided legiti-
macy to even the most revolutionary thinking in aviation at the time,
including such ideas as atomic power for aircraft—a concept that
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followed quickly on the heels of the awesome events at Hiroshima
and Nagasaki.

While the idea of nuclear-powered aircraft may seem almost ludi-
crous today, in the years immediately after World War Il it appeared
both feasible and desirable.5 For many informed observers, scientific
advancement had become identified with the early end to the war
with Japan brought by the atomic bomb.® Atomic energy, then in its
nascence, held an almost mystical promise of technological leaps to a
safer, less complicated world.” In particular, the atom also became
the focus of postwar security thinking; both elite and mass opinion
quickly perceived a need to stay ahead of other states in development
of weapons based on that technology. It is necessary to recall as well
that the environmental concerns so dominant in nuclear issues today
were not as significant at that time.

When the Cold War intensified and the United States began to
contemplate armed conflict with the Soviet Union, ANP offered
many advantages. National security seemed to have become increas-
ingly a matter of threatening atomic retaliation. The one means of
delivery then available, however, was strategic bombers, whose
reach was limited.® In order to protect the nation and its overseas al-
lies, as well as threaten the Soviet Union, the United States de- |
pended accordingly upon several costly foreign bases. A nuclear
power plant, if it achieved operational capability, would keep an
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aircraft armed with atomic warheads aloft for days at a time. Thus
ANP promised to endow the United States with a constantly air-
borne atomic capability that depended only on military installations
at home. U.S. bases in other countries could be reduced to the politi-
cal and logistical functions of forward presence.’

Like that of most states after a war, the U.S. mind-set favored de-
mobilization. This widely held attitude created a difficult cross-pres-
sure for decision makers: they had to ensure security while
responding to a public eager for the return of normal conditions and,
especially, peacetime prosperity. Here was another attraction of
ANP: while it might require a substantial investment up front, it
could be justified as a means to save enormous amounts of money in
the long term through reduction in infrastructure.

The role envisioned for ANP, as just described, fit perfectly into
the mission of the U.S. Air Force. The Navy, however, as it had with
many nuclear issues, became interested in this piece of the atomic
“pie.” Interservice rivalry motivated a considerable effort on the part
of the Navy to possess an atomic-powered aircraft suitable to its own
mission requirements, especially antisubmarine warfare. As will be
seen below, this desire accounted for a respectable percentage of the
overall time, effort, and funding spent on the ANP.

In sum, the project had appeal in terms of the need to beat the
USSR to technological breakthroughs and of the possibility of a stra-
tegic deterrent that did not need foreign bases or otherwise depend
on an American ability to ensure free passage of the world’s oceans.
The quest for aircraft nuclear propulsion, at least at its outset, made
sense for the United States in the era of a building rivalry with com-
munist states and related tensions at home.

From Idea to Research and Development

Support for aircraft nuclear propulsion started in the military.
Even before the end of World War II, Colonel Donald J. Keirn, an
Army Air Corps power-plant specialist serving at Wright Field in
Dayton, Ohio, who had long been interested in state-of-the-art avia-
tion technology, initiated discussions about nuclear propulsion.!®

Concerns about the connection between future security and prog-
ress in aircraft technology reached the cabinet level in December
1945, in the form of a proposal sent by the Engineering Division of
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the Air Technical Service Command to the Department of War, This
document, which specifically made a case for an Air Engineering De-
velopment Center, put a premium on planning ahead: “Our immedi-
ate planning for future development and development facilities must
be projected far beyond the possibilities known today.” The proposal
also argued that nuclear propulsion of aircraft should have the same
priority as nuclear weapons research: “It is equally important to de-
velop nuclear energy as a propulsive means and, with nuclear propul-
sion, supersonic flight around the world becomes an immediate
possibility. Special consideration should be given to a system
whereby nuclear energy would first be used for propulsion to the tar-
get and then the nuclear matter detonated as an atom bomb.”!!

Further military support for research, implicitly endorsing in ad-
vance such projects such as the ANP, came from a statement by Rear
Admiral P. F. Lee, the Chief of Naval Research, to the President’s Air
Policy Commission (known as the APC) in March 1946. Lee asserted
that “the Federal Government must support basic research on a
greatly increased scale. To a large measure the security of this coun-
try is dependent on our scientific resources.” Furthermore, aircraft
would be at the top of the list, at least from the Navy’s point of view:
“Over one-half of the funds requested by the Navy for research and
development facilities for Fiscal Year 1949 have been set aside for
aeronautical research and development facilities.”!2 Taken together,
these assertions by high-ranking military officers make it clear in ret-
rospect that innovative aircraft-related projects could expect a sym-
pathetic ear from the services.

Aircraft nuclear power became an official research project in May
1946, when the Army Air Forces awarded to the Fairchild Engine
and Airplane Corporation a contract to perform preliminary studies
on a manned, nuclear-propelled airplane.'* The project, which
Fairchild was required to conduct at Qak Ridge National Laboratory
in Tennessee, effectively represented a proposal for more extensive
work, which would include development and even flight testing of
aircraft.

The problems inherent in aircraft nuclear propulsion were numer-
ous; some of the greatest challenges were in reactor development. In
particular, aircraft nuclear propulsion required a reactor much more
compact than available under current technology. No airframe could
carry a reactor of then-normal dimensions. To be small and light
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enough to be used in an airplane, a reactor would have to release
more heat energy—some 500 percent more—than did the first sub-
marine reactor. Confined to a small space, the extremely hot reactor
might even melt itself, unless more resistant materials also could be
developed. Furthermore, the reactor would require more efficient
shielding to protect the crew from deadly radiation; land-based reac-
tors at the time usually were protected by six feet of concrete. All of
these considerations could be rolled up in terms of “power loading,”
pounds of vehicle weight per horsepower; on that practical scale, the
Nautilus nuclear-powered submarine measured more than 150, while
a supersonic bomber would have to be closer to four.!*

Two basic approaches to nuclear propulsion that received sus-
tained attention during the Fairchild project were known as direct
and indirect cycles. The brief technical summary that follows will
give some sense of the difficulty (see Figure 1) of the issues involved:

In the direct cycle, air enters through the compressor, is forced into
the reactor, and is heated by the fuel elements. After passing through
the turbine, where energy is extracted to drive the compressor, the
heated air is expelled at high velocity through the exhaust nozzle. In
the indirect cycle, the heat generated in the reactor is absorbed by a
liquid-metal coolant flowing through the reactor core. The lig-
uid-metal coolant then flows through an intermediate heat exchanger
where the heat is transferred to a secondary loop. The hot lig-
uid-metal is then pumped to the jet engine. The jet engine contains ra-
diators, where the heat is given up by the liquid-metal and imparted to
the air-stream flowing through the engine. Thus, the air is heated di-
rectly by the reactor in the direct cycle as contrasted with being heated
indirectly by the reactor in the indirect cycle.!s

Few scientists and engineers at that time were qualified even to be-
gin to make well-informed judgments about which system would
better fulfill future mission requirements.

At the outset, however, it became apparent that each system had a
basic advantage that was accessible to a general audience. The direct
cycle would be simpler to develop. As implied by its name, a di-
rect-cycle reactor supplies a turbine with heated air flowing directly
from the reactor core. In this respect the technological barriers
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Indirect Reactor Cycle
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Schematic of an atomic turhojet engine with liquid-metal heat exchanger:
1. reactor; 2. control rod; 3. liquid-metal pump; 4. heat exchanger,
5. inlet cone; 6. compressor; 7. exhaust turbine; 8. jet nozzle.
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Schematic of an atomic turboprop engine with mercury turbine:
1. propellers; 2. reduction gear; 3. air compressor; 4. mercury turbine;
5. reactor; 6. control rod; Y. Mercury pump; 8. condenser; 9. jet nozzle.

Yu. N. Sushkoy, “Atomic Energy in Aviation,"”
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would be fewer and simpler, and an atomic-powered jet seemed
likely to become airborne sooner. However, the indirect-cycle ap-
proach, though more complex, promised to result ultimately in a
smaller reactor.'¢ If a direct-cycle program could not develop a sys-
tem that was compact enough, it might prove a dead end. Only time
and effort could answer the question of which system would be
better in an overall sense. Unfortunately, in the end, even the fifteen
years that the project lasted were not enough; both systems contin-
ued to be researched throughout the ANP’s lifetime.

The reactor was not the only component requiring extensive re-
search. Much of the weight came from reactor shielding, and com-
pactness here would be especially critical. Ceramic materials would
become one of the important avenues of research. Two ways were
proposed to shield the airframe, the unit shield and the divided
shield. The unit shield, which would surround the reactor itself,
would provide the greatest reduction in radiation exposure for the
crew and aircraft components. Unfortunately, it would also be the
heavier option, which would trade off against the desire for high
speed. A divided shield would split the shielding between the reactor
and the crew compartment. Weight in the nose would increase,
which was a particular concern, because as will be seen, the ANP air-
frame was often conceptualized as a seaplane, which would need to
be able to land on rough seas. In addition, increased leakage of radia-
tion into the components of the plane would reduce reliability, in-
crease maintenance requirements, and shorten the life of the
aircraft. The more susceptible organic materials, such as rubber, hy-
draulic oil, and lubricants, would need to be replaced with inorganic
substances or with entirely new systems that did not require organic
materials.!’

From the outset there were skeptics about ANP, mostly in the sci-
entific community. For example, when asked by Keirn in July 1945
about aircraft nuclear propulsion, Vannevar Bush, then director of
the Office of Scientific Research and Development, replied that “the
idea was a bad one” and told him to “forget it.”'# In 1948, ]J. Robert
Oppenheimer and James B. Conant (both advisors to the AEC) as-
serted that although the aircraft could be developed, the technologi-
cal barriers were too immense to make the endeavor cost-effective.?
However, it was to be more explicit and favorable reports from out-
side both the military and private industry that commanded the
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attention of key decision makers. The APC produced a report, Sur-
vival in the Air Age, that included a dramatic statement in favor of air-
craft nuclear propulsion:

The possibility of employing atomic energy for the propulsion of air-
craft and guided missiles is sufficiently important to warrant vigorous
action by the Atomic Energy Commission, the Air Force, the Navy,
and the NACA.2° Some work of a preliminary nature already has been
done in this field by the AEC, the Air Force and its NEPA project. Im-
mediate steps should be taken to intensify research effort in this field
under a plan that would be supported by all of the above agencies and
under which the project would be given the benefit of all the back-
ground information in the atomic field actually needed by the recipi-
ents for the appropriate performance of their respective functions.?!

Tensions with the Soviet Union were growing, and arguments in fa-
vor of high-technology research and development programs found
few critics. The APC report encountered no opposition, and it gave
the idea of a long-term development effort for nuclear propulsion en-
hanced legitimacy.

ANP also got a major break from elsewhere within the Byzantine
system of national security advising. A report submitted in Septem-
ber 1948 at the request of the AEC by a team of leading scientists had
considerable and generally favorable implications for the ANP pro-
ject. The AEC had requested a group of forty nongovernmental sci-
entists at MIT to determine the overall feasibility of the project.
Headed by Prof. Walter G. Whitman, chairman of MIT’s Department
of Chemical Engineering, the “Lexington Project” concluded that
success would require the development of improved metals and
more potent chemical fuels. The Lexington team found ANP was
possible but warned that it would probably cost upward of a billion
dollars and take as long as fifteen years.?? While the price tag might
have seemed high, it mattered more that this distinguished group of
scientists had concluded that the thing could be done. The possibil-
ity was all the more important because at this point no alternative to
long-range manned aircraft, such as intercontinental-range missiles,
seemed practical.

In the four years after Truman expressed interest in the idea of im-
proved aircraft technology, then, work on ANP generally met with
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approval or at least tacit acceptance. The phase of advising and con-
sultation drew to a close at the outset of 1951, and the relevant agen-
cies—at the time, the AEC and the Air Force—moved the project
toward basic research as a preliminary to applied research and devel-
opment. The cost, thus far, had reached twenty-one million dollars.2
Preliminary proposals for ANP were ready by February 1951, at
which time the research and development went into full swing for a
nuclear airplane that would be supersonic and achieve operational
status in the early 1960s.

The Navy Tries to Get on Board

You've got to realize, when [ went to Washington in *54, there were no mis-
stles. There was no aircraft that could fly the speed of sound. There was no
atomic power. There was certainly no satellite. The whole thing came, alf of a
sudden, bunched In there. [t came within five or six years—five or six years.

—Thomas S. Gates, Jr., Secretary of Defense?*

The Navy involved itself in aircraft nuclear power as early as the
spring of 1949, when its representatives served on an ad hoc steering
committee formed to provide guidance to the program. As the rivalry
that then arose played itself out, serendipity intervened, producing
events in and outside of government favorable to the ANP.

Interservice rivalry over aircraft nuclear power came into the open
in late 1953, even though the Navy and Air Force had begun to work
together as early as 1949 in what seemed a cooperative and promis-
ing way. In May of that year, the Navy transferred $1.5 million to the
Air Force for ANP research;?® it also assigned personnel to now-Gen-
eral Keirn’s staff at the Aircraft Reactors Branch of the AEC. Accord-
ing to an agreement between General Keirn and Rear Admiral James
S. Russell, former chief of the Bureau of Aeronautics, the Navy’s in-
terest would be limited to keeping track of ANP advances in case any
developments could be used by the Navy as well; “Navy participation
was not to generate into a competition to fly first.”?6 In August the
Navy informed the AEC that it was interested in a low-power reactor
for a subsonic seaplane. At that point in time, its “interest” was re-
stricted to gathering data in order to assess possible mission applica-
tions.
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During the same month, as part of that effort, the Navy awarded
study contracts to seaplane builders and reactor consultants to “as-
sess the significance of nuclear power for aircraft design.”?” Navy
spokesmen argued that a jet with the remarkable endurance envi-
sioned—the figure of a thousand hours was commonly used—would
be better suited to antisubmarine warfare than to long-range strike.
Flying close to the ocean surface, it would be able to conduct thor-
ough sweeps of vast areas in remote locations. Because a supersonic,
high-altitude ANP aircraft did not seem to be around the corner by
any means, a low-flying plane, traveling at subsonic speed, made
sense in developmental terms; also, ANP might be more easily justi-
fied in the context of naval operations than that of strategic action
against the Soviet homeland.

Perhaps seeing merit—and therefore danger—in the Navy’s case,
the Air Force responded in the second half of 1953; General Curtis E.
LeMay of the Strategic Air Command took the lead, though his ear-
lier interest in ANP had been minimal.?® The Air Force reemphasized
the advantages of thousand-hour-endurance strategic bombers,
which would not require in-flight refueling. Such an aircraft, based
safely in the United States, could strike targets missed by an attack
by conventional long-range bombers or intercontinental ballistic
missiles (which by 1953 appeared a promising prospect). The value
of such a capability, in comparison to some tactical advantage in anti-
submarine warfare, argued against any diversion of constrained Ei-
senhower-era budget resources from the Air Force to the Navy. On
the strength of this rationale, the Air Force had reason to believe that
it would hold the long-term advantage in any power struggle with
the Navy over ANP.

Significant disagreements existed over the design of the proposed
jet, its purpose, and which service would control it. The first airframe
proposed by the Navy, in 1956, was based on the Martin P6M-1
Seamaster, built by the Glenn L. Martin Company of Baltimore,
Maryland. The Seamaster, according to Vice Admiral Thomas S.
Combs, Deputy Chief of Naval Operations (Air), “seem[ed] ideally
suited for eventual nuclear propulsion, due to its size and configura-
tion, combined with [the] practically unlimited takeoff and landing
areas water provides.”?? Seamaster would have four modified turbo-
jet engines, served by a single reactor. Its advantages as a platform
would be low-altitude maneuverability, a large crew, high crew and
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aircraft utilization, and substantial payload.?® Seamaster would be
used initidlly as a low-power, modest-performance seaplane for anti-
submarine warfare and radar early warning, but experience with air-
craft nuclear propulsion, the Navy predicted, would eventually lead
to a high-speed attack plane.?!

The Air Force’s airframe development centered on the Convair Di-
vision of General Dynamics Corporation in Fort Worth, Texas.
Convair was developing an aircraft with a canard configuration (that
is, with horizontal stabilizers and control surfaces forward of the
wing) that allowed the crew to be over a hundred feet from the reac-
tor. The plane was to be subsonic, weigh 450,000 pounds, and be
close to the same size as a B-52. Of its four turbojet engines, two
would be powered by a reactor, either the General Electric direct-cy-
cle type or the Pratt & Whitney indirect-cycle reactor;*? takeoffs and
landings would be powered by the other two (conventional) engines,
mounted under the wings. The aircraft had no tail but instead a verti-
cal stabilizer-rudder assembly at each wingtip and the canard stabi-
lizer-elevator surfaces forward on the fuselage.’

Squabbling on ANP within the Department of Defense meant
headaches for the AEC and national laboratories like Oak Ridge. Al-
most every time the DoD went through a policy spasm, alterations
would be called for. Due to the interrelated nature of ANP compo-
nents, nearly every change to technological requirements impacted
upon reactor development, whether it pertained specifically to the
reactor or not. Competing Navy and the Air Force ANPs now began
to contribute to the rising research-and-development price tag.

In September 1953, Edward Teller expressed doubt that the air-
plane ever could reach the test-flight stage.** He was merely the most
prominent among several AEC consultants with such views. In fact,
reviews consistently produced ambivalent or negative results, and
over time they leaned more toward the latter. While cost ultimately
became the primary concern, the feasibility of ever producing a nu-
clear-powered airplane also repeatedly came up as an issue. Experts
often expressed the opinion that funding and human talent would be
better utilized elsewhere.’® If ANP was inherently wasteful,
interservice competition soon made its progress even more so.

Notwithstanding, things looked up considerably for the program
when in August 1953 the Soviet Union successfully detonated its
first thermonuclear device. This development gave a boost to those

https://digital-commons.usnwc.edu/nwc-review/vol53/iss2/7



James: The Politics of Extravagance: The Aircraft Nuclear Propulsion Pro

170 Naval War College Review

in favor of developing the next generation of weapons. Their argu-
ments were valuable to the ANP project in particular, because it re-
mained far from deployment and was thus in a highly vulnerable and
expensive state. Unfortunately for its advocates, a discussion at a
meeting of the National Security Council in October 1953 explicitly
linked budget issues with research projects under way and the per-
sonnel they required. The secretary of defense, Charles O. Wilson,
expressed the opinion that the government “already had about all
the good scientists who were available at work on these various AEC
and Defense projects.” He doubted “whether the expenditure of
more money would produce a significantly larger number of good
scientists.” Secretary of the Treasury George M. Humphrey rein-
forced that point, asserting that “there was no way that you could
spend money faster than on research, and unless this research was
very carefully scrutinized, the results were often not worth the ex-
penditure.”3S

Thus, despite the apparently increased Soviet threat, indirect pres-
sure on long-range, speculative projects like ANP continued to
mount as the president and his inner circle became increasingly re-
luctant to burden a public exhausted from three years of the Korean
War and impatient for sustained economic growth. Large-scale
weapons programs with no immediate likely payoff, such as the
ANP, stood out conspicuously in brainstorming sessions about what
to scale down or even eliminate within the defense budget. It was at
this point, in January 1954, that John Foster Dulles delivered a land-
mark address on massive retaliation—just in time, for the ANP pro-
ject. In it the secretary of state threatened the Soviet Union with
all-out nuclear punishment for any transgression.’” The prospect of
an aircraft that could strike the USSR from within the United States
itself received renewed attention and even priority as tensions in-
creased within the nuclear context.

Meanwhile, despite the back-and-forth between the Air Force and
Navy, and among the political leadership, significant progress had
been made in reactor development. The weight and size of the
shielding had been reduced to levels much closer to operational lim-
its. Advances also had been made in heat-resistant materials.3*

In April 1954, the Air Force decided that the time was right: it an-
nounced that an ANP bomber would be needed as soon as possible.
The assertion did not preempt matters in the Air Force's favor,
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however. In February 1955, the Navy produced Operational Require-
ment CA-01503 for its own ANP program; Developmental Charac-
teristic CA-01503-3 followed in April. These documents defined the
mission of the ANP primarily as long-range attacks against naval
shore targets, warships, and shipping; secondary missions included
mining and forward-area reconnaissance. The Navy hoped to have a
prototype by 1961. In May, Secretary of the Navy Charles S. Thomas,
agreeing that a nuclear propulsion system for a subsonic aircraft was
desirable, proceeded to engage contractors to begin research.

Things were going well, then, for ANP in general in the first half of
1955. In April, for example, the concept reaped a dividend from the
announcement of a decision by Eisenhower to “build and send
around the world a new atom-powered merchant ship.” The New
York Times was confident that

the atom-powered merchant ship will have a significance beyond any
of these [experimental power plants]. In the first place, visiting the
ports of the world will bring both knowledge and a practical demon-
stration of the peaceful uses of atomic energy in medicine, agriculture
and power production to the underdeveloped and power-starved areas
of the world and help them thereby to plan their own industrial and
technical revolution in the light of the atomic age.®

Such exposure helped the pro-ANP lobby with a growing public-rela-
tions problem related to safe operation. Instead of being told to
worry about the risk of a crash and associated environmental con-
tamination, the informed public was now reading about possible
commercial benefits as a side-effect of defense technology. Other
uses for nuclear power also were proposed in this period, including
an atomic-powered aircraft carrier, atomic locomotives, and atomic
artillery.*

The fortunes of the ANP reached their crest in June 1955, At
that time the AEC and DoD agreed that ANP should be accelerated,
with the objective of flight testing by 1959. Authorized expenditures
increased dramatically. Existing facilities were expanded, and con-
struction began on new sites for additional research and develop-
ment.*

Interservice maneuvering, predictably, now went into high gear.
Despite civilian expert opinion that the entire idea needed serious
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reconsideration, the Navy increased pressure for an atomic-powered
aircraft of its own; the program was riding high for the Air
Force—why not get in on the action? The Navy argued that atomic
power made more sense in a seaplane than in a bomber, since acci-
dents would expose fewer civilians. Water, after all, is a better shield
against radiation than the ground; in addition, the weight of the reac-
tor would cause the wreckage to sink quickly. The Navy also pointed
out that current engine designs being produced for the bomber pro-
ject did not meet specifications for a subsonic seaplane. The Air
Force, wishing to establish itself as the lead agency for ANP within
the Pentagon, replied that any sea-based aircraft could be folded into
its strategic bombing mission.** The Navy’s rebuttal came in the
form of a statement from the Secretary Thomas that seaplanes with
nuclear propulsion “promised to be a potent supplement to the new
Navy” and that nuclear seaplanes should belong only to that ser-
vice.#

Science advisors to the AEC by this time were ridiculing the sea-
plane idea, on which the Navy was spending several million dollars
for preliminary designs.* In December 1955 the AEC postponed cer-
tain related Navy contracts to study the possibility of its own ANP
system. A technical review group would determine whether addi-
tional research and development was necessary or existing programs
could be adapted for Navy use; that group concluded that no specific
Navy program was necessary, and the Department of Defense con-
curred.

Notwithstanding, the Navy's interest in having its own nu-
clear-powered aircraft grew even more in early 1956. (Ironically, in
March 1956, a month after these decisions, General Electric had suc-
cessfully tested a turbojet engine operating on nuclear power from a
direct-cycle reactor.)* In March the Assistant Secretary of Defense
(R&D), Dr. Clifford C. Furnas, told the Navy that although he
agreed with the technical review group’s findings, a Navy seaplane
would receive support from existing and future program. The Chief
of Naval Operations, Admiral Arleigh A. Burke, confirmed that the
Navy would continue to work on independent aircraft design stud-
ies. Asa result, in July the Defense Department impounded $7.4 mil-
lion of Navy funds earmarked for the ANP until such time as the
service was able to orient properly its programs.
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A memorandum from Colonel A. J. Goodpaster, Eisenhower’s
staff secretary, to Percival Brundage, director of the Bureau of the
Budget, summed up the core of concern—finances. Goodpaster
asked “whether it [was] correct to conclude that the proposal in-
volves no new net increase or acceleration in expenditures or appro-
priations.”47

The Decline and Fall of ANP

The President [Eisenhower] commented that the next thing he knows someone
would be proposing to take the liner Queen Elizabeth and put wings a mile
wide on it and install enough power plant to make it fly. Dr. [Herbert] York
begged him not to let the idea get around, or someone would want to try.

—Minutes of a meeting, 23 June 195948

To the consternation of both the Air Force and the Navy, in Au-
gust 1956 Eisenhower reduced the ANP budget. Although no hard
evidence exists, it would seem the president gave every sign of agree-
ing with the general prognosis of the science advisors and looked for-
ward to eliminating ultimately the expensive and doubtfully effective
program. It seemed to him that the services had been fighting over a
slice of the nuclear pie that many doubted ever would be “baked.”
The mission of the overall ANP was now restricted to pure research
for nuclear propulsion systems and shielding. This decision was tan-
tamount to cancellation, since ANP was described as “more than
90% an engineering job and less than 10% research.”*

President Eisenhower was determined, as he told Secretary of De-
fense Wilson and seven high-ranking military officers in December
1956, that the defense budget “must not keep going up and up each
year to the point where we defeat ourselves.” He shared Secretary of
the Treasury Humphrey's concern “as to whether we are being reck-
less with our economy.”5® In view of that concern, Secretary Wilson
told the president later in the meeting that he would be “backing
down to some extent on the rate of research and development on the
atomic powered aircraft.” Eisenhower agreed, at least implicitly, re-
sponding that he would like to see the AEC “put added resources to
bear on controlled hydrogen reactions.” The president saw this as
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the most likely path toward a major breakthrough, and he did not
rush to the defense of the ANP.%

Advocates of the ANP project, however, had not given up. A very
upbeat article in Flying magazine pointed to a bright future for the
“A-plane” project. It asserted that the first flight could be expected
by 1960—an earlier date than was hoped for by even the most opti-
mistic supporters on the inside—and lauded progress in reactor de-
velopment. The article noted the existence of interservice rivalry but
described the Air Force as being in the dominant position with re-
spect to ANP.52

On the technical level, how to make the reactor light and small
enough for an airplane yet sufficiently shielded to protect the crew
continued to worry those still interested in the program. For exam-
ple, in January 1957 even AEC advisor Alvin M. Weinberg, a staunch
proponent, remarked that “the main problem of nuclear flight is the
problem of obtaining adequate thrust with sufficiently low
weight.”s3 The weight of scientific opinion continued to be against
the program. Nonetheless, the Defense Department, though it had
by now formally released Navy ANP funds, in fact authorized no
spending in that account throughout most of 1957.

Then, on 4 October 1957, the Soviet Union launched Sputnik.
This event raised the specter of an intercontinental missile launched
from Russian soil striking the United States. That missiles might
strike the nation from halfway around the world seemed even more
revolutionary than the nuclear weapons they would carry, and as ap-
palling.>* The event sparked a crisis, fueled by media and congressio-
nal reactions, far broader than the national-security community
alone. How on earth, or otherwise, would the United States re-
spond? : |

The president received plenty of advice, some solicited and some
not. A press conference held a few days later was characterized by
pointed questions about the Soviet satellite and by what now would
be called “spin control” on Eisenhower’s part.5s The journalists’
questions focused on whether the United States had fallen behind
the USSR in science and technology, most notably in areas with real
or potential application to weapons. The president responded by
blaming Congress for cutting his recommended appropriations for
national security purposes. He also asserted, however, that the
180-pound weight of the Soviet satellite—heavier than any model
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the United States hoped soon to deploy—was not a cause for con-
cern: “Well, certainly again I am quoting the scientists, there is no
indication that this will be scientifically more valuable.”s¢

On 10 October the president met with the National Security
Council and confronted the political problem posed by the Soviet
satellite. Secretary of State Christian Herter summed up foreign pol-
icy reactions as “pretty somber.” At one point the group even spoke
openly of the prospect of losing support in the United Nations as a
result of the Soviet breakthrough. However, good reasons against
that conclusion quickly emerged. Sensing that both the government
and general public were overreacting, General Nathan F. Twining,
the Chief of Staff of the Air Force, “cautioned that we should not per-
mit ourselves to become hysterical about the Soviet achievement.”s?

Reports were emerging that the Soviets had successfully tested a
nuclear-powered aircraft. Although they had no scientific credibility,
these rumors compounded the administration’s problems and gave
aid and comfort to advocates of the ANP.5® One report, later de-
bunked, arose from a sensational story spread by Representative
Melvin Price (Democrat of Illinois), an avid supporter of ANP, fol-
lowing a visit to the Soviet Union.*® The rumor, false as it was, re-
flected a fervent hope that had existed since the end of World War Il
among the public and even high-level decision makers for panaceas
from science and technology. The result was renewed pressure on
science to answer national-security threats. In that view, ANP must
“fly first,” before the Soviet Union embarrassed the United States
again.

The Navy did not hesitate to join the post-Sputnik enthusiasm to
beat the Soviets in the science and technology race and to extend the
interservice argument to an influential target within the executive
branch. On 21 November 1957, Captain E. P. Aurand, naval aide to
the president, sent a memo to James R. Killian, Jr., the chair and
special assistant for science and technology of the newly created
President’s Scientific Advisory Committee (PSAC). Captain Aurand
pushed three points. First, “fly first” could not be achieved in a “mili-
tarily useful vehicle.” However, second, it could be accomplished for
the equally important purposes of scientific advancement and giobal
propaganda. Third, a Navy seaplane was best suited for this effort,
since existing airframes could be used and they could travel any-
where there was water to land on, precluding dependence on foreign
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landing fields.® Killian responded that the matter had not yet been
addressed in any detail.5! In December 1957, the Chief of Naval Op-
erations, Admiral Burke, presented a proposal to use for this purpose
the British-made Princess flying boat, then in mothballs at Cowes.
This huge aircraft, with its ten PW T-57 engines, would use a turbo-
prop propulsion system with a reduced-size GE direct-cycle reactor.
Admiral Burke described the Navy’s intention as meeting the na-
tional objectives of early flight of a nuclear-powered aircraft.

The Air Force response was quick and heated. Secretary of the Air
Force James H. Douglas pressed upon the secretary of defense four
reasons why the Navy’s nuclear seaplane should not supercede the
Air Force's bomber program. First, the turboprop system for Prin-
cess had not left the drawing board, while the Air Force’s turbojet
was in a “hardware state of development.” Second, the problems
confronting the two systems were the same; the Navy could proceed
no more quickly. Third, the Navy, unlike the Air Force, had no test
facility. Finally, both systems used General Electric’s direct cycle,
and additions to the company’s workload would result in overall de-
lay, not earlier flight. Congressman Price supported the Air Force,
convinced that competition would divert energies and slow results.®

The Air Force and Navy stafts were also pushing Deputy Secretary
of Defense Donald A. Quarles and the service chiefs, who also were
indecisive, for a firm decision in their respective favor. Meanwhile,
the ANP’s opponents were receiving support from the President’s
Scientific Advisory Committee. James Killian selected from PSAC a
panel of scientists and engineers, headed by Robert F. Bacher, to
submit a recommendation on the ANP project. Its report, issued in
February 1958, held little good news for advocates of aircraft nuclear
propulsion. The report began with review of previous studies, in or-
der to preclude criticism that yet another committee with no experi-
ence in the subject area had produced an unfair judgment. It did not
directly confront the basic issue of whether a nuclear-powered air-
craft could be built but moved quickly to the enormous projected ex-
pense of bringing the idea to reality: “Total costs of the project from
the present up to the achievement of first nuclear powered flight are
estimated by the Air Force to be $1,357 million. This program would
require somewhat greater annual expenditures than the present
limit of $150 million.” The report also emphasized the hazards of
nuclear-powered flight in general. It specifically criticized the Navy’s
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new approach, on technical grounds: “The control problems of the
reactor coupled to the variable propeller load through the engines
are serious and unsolved. . . . We recommend that neither Air Force
nor Navy accelerated programs for early manned nuclear flight be
implemented at this time.”5* The panel concluded that “a rushed nu-
clear flight program poses serious technical risks and radiological
hazards.”5

Eisenhower met in late February 1958 with Killian, Bacher,
Quarles, and several other high-level officials, including military offi-
cers, to discuss the building confrontation over the ANP project.
AEC chairman Lewis L. Strauss emphasized the psychological fac-
tors in favor of early flight. (Rumors continued to circulate about a
Soviet ANP, and clarion calls from congressional proponents of air-
craft nuclear power had spilled over into the media. The furor
reached a peak with the publication of a so-called Air Force leak that
the Soviets had already test-flown a nuclear-powered long-range
bomber.)% He then, in a remarkable sleight of hand, asserted that
the ANP work in progress would produce a reactor that could also
propel a long-range missile.5” His tactic represented a concession to
the fact that missile development had been moving forward rapidly
and that the balance had been swinging against the costly, even pon-
derous ANP. An association with missile development might co-opt
some of the opposition, especially among scientists.

Meanwhile, the Navy had been pushing ahead with the nuclear
Princess. During 1958 the Navy let contracts with General Electric,
Pratt & Whitney, Convair, and Martin, among others, related to the
project. By October, the Navy had forwarded to the Defense Depart-
ment a paper arguing that its ANP project was feasible and that early
flight was critical to long-term success. The Navy asked for immedi-
ate approval of a five-year ANP project with an estimated budget of
two hundred million dollars, to include seventy-five million from the
AEC. There was no formal reply from DoD; instead, the answer came
in the 1960 fiscal budget: there would be no Princess. The only hope
for a Navy ANP would be in conjunction with existing programs.

In view of the public outcry for a nuclear-powered jet as soon as
possible, arising from anxiety over the apparent Soviet high-technol-
ogy threat, it is not surprising that the president did not directly can-
cel the ANP. Nonetheless, convinced that the “fly first” goal was
impractical, Eisenhower had cut funding and shifted remaining
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resources to basic power-plant research. The AEC had argued that
conventional aircraft already at the development stage could perform
as well or even better in certain areas.®® Still, the Navy continued to
push for this costly and controversial program. Why?

One reason was that nuclear-powered flight still promised advan-
tages that conventional propulsion could not match. Consider, for
example, fuel requirements. A single pound of the uranium isotope
U235 could produce the same amount of heat as 1,700,000 pounds of
gasoline.®® The needs for airborne refueling and for determining
points of no return are eliminated. The gross-weight variance during
a mission for an ANP aircraft would be 20 percent, while that of con-
ventional aircraft runs between 50 and 70 percent, affecting opti-
mum cruise altitudes and speeds.” It also appeared that
improvements in reactor and shielding technology would translate
into increased payload almost entirely, a ratio that could not be
equaled by technological breakthroughs in conventional flight.”!

Notwithstanding, presidential advisors asserted that the project
should remain “essentially unchanged for the time being”—re-
stricted to research on the power plant. The Navy’s proposal for a
sea-based aircraft languished, with feasibility as the main reason for
lack of support in the White House: “With respect to this proposal,
we do not believe that the technical status of the reactor develop-
ment and the evaluation of the prospective applications have reached
the point where the adoption of a specific program in that direction
can be justified.”7?

Yet another attempt by the Navy to salvage an ANP program for it-
self began in January 1959, when Secretary of the Navy Thomas S.
Gates informed the secretary of defense that the Navy was convinced
of the benefits of the indirect-cycle reactor, In fact, the Navy was
willing to pay for research at Pratt & Whitney’s Connecticut Aircraft
Nuclear Engine Lab (CANEL). One obstacle was the fact the Air
Force already had contracted CANEL. In March the Navy requested a
joint arrangement between the two services, if the Air Force ap-
proved. The partnership would never occur; the Air Force claimed
that its facilities contract specifically restricted all work to original
objectives. The Defense Department finally settled the matter: the
Navy’s indirect cycle envisioned a sodium-based heat-transfer sys-
tem, whereas the Air Force (requiring higher performance) used
lithium, and their divergent requirements prohibited joint research.
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The Navy could still, however, use any advances made at CANEL, and
the services were to prepare cooperative plans. Moving toward con-
sideration of an intermediate-power indirect cycle with a lith-
ium-cooled reactor, the Navy altered its Pratt & Whitney contract to
concentrate on propulsion components outside the reactor and its
shielding.”?

The last chapter for ANP would be written primarily by a civilian
scientist raised to a new and powerful post in DoD—Herbert York of
the University of California’s Radiation Laboratory at Livermore,
now Director of Defense Research and Engineering (DDRE). The
DDRE was a particularly powerful position, referred to in some cir-
cles as the “vice president for science;”7* the new DDRE personally
had an excellent reputation in the Defense Department and at the
White House, and this magnified his influence. York made a con-
vincing argument against any notion of nuclear powered flight, ex-
pressing the opinton that no such aircraft with any useful military
application could be developed before 1970.

Killian reinforced York’s view. Killian’s private notes for a meeting
in June 1959 with the president indicate a commitment to basic re-
search and some applied research, a definite rejection of develop-
ment as premature. This document reiterated a series of conclusions
reached by York. Ironically, it cited the Vanguard program—which
had finally launched a satellite the year before—as evidence against
an accelerated program; the long, checkered history of Vanguard
“emphasize[d] the wastefulness and embarrassment of marginal de-
sign.”” Instead of reacting hysterically to the Soviet satellite break-
through, Killian simply noted the risk of future embarrassment,
stressing the scientific as opposed to political dimensions of security
policy.

The final attempt to resuscitate ANP was made in an open hearing
of the Subcommittee for Research and Development of the JCAE on
23 July 1959. Representative Price in particular was desperate to see
the project come to fruition. There were two witnesses for the Navy:
Under Secretary Fred A. Bantz and Admiral John T. Hayward, Dep-
uty Chief of Naval Operations for Development. Under Secretary
Bantz could be described as pessimistically cautious. He reported to
the committee that the Navy needed much more information before
it would be able to move beyond the $6.5 million research contract
with Pratt & Whitney included in the fiscal 1960 budget. Admiral
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Hayward took the opportunity to say something that others were to
say as well: “As I have said before, this particular program is a pretty
good monument of how not to run a technical program.” He pointed
out that repeated changes in requirements, coupled with the failure
to secure a functioning power plant before the airframe was devel-
oped, had resulted in an enormous waste of time and resources. If
properly managed, he felt, ANP could have experienced the same
success as the nuclear-powered submarine USS Nautilus. Research
and development costs for Nautilus had been between $800 and $850
million; spending for ANP through fiscal 1960 amounted to almost
$991 million, yet even a prototype was years away.”

The arguments made in July 1959 had little effect on the future of
aircraft nuclear propulsion. The program dwindled to almost pure
research and then faded away, despite all efforts to keep it alive. With
his administration winding down, Eisenhower was reluctant to kill
ANP once and for all, but work on the program, by whatever service
or agency, ended with the stroke of a pen in the spring of 1961, when
the Kennedy administration came to power.”7 ANP became one of
the first cancellations by the new secretary of defense, Robert
McNamara, As one official put it many years later, it took “a new ad-
ministration that wasn’t being hounded to death” to finish off the
program.”® By the time McNamara terminated the program, the mas-
sive expenditures needed to solve the remaining technical problems
with ANP could simply no longer be justified. The new secretary of
defense feared a highly publicized accident if the plane ever flew
(concerning which, the public-relations hazard worried him as much
as any physical damage). A nuclear airplane might be possible, but
the investment in time and money was still prohibitively high, and
the environmental dangers remained controversial.”

A former official of Idaho National Laboratory who was involved
in the ANP reactor development and testing in the 1950s expresses
today no surprise that ANP was finally canceled. He still considers
the program extremely dangerous, because of the risk of radioactiv-
ity, and is dismayed that it lasted as long as it did. One of his peers
also addresses the longevity issue: “You can’t kill that stuff [pro-
grams] with a stick.” Experienced “Washington Beltway” players
know how to work the system and are not beyond manipulating a sit-
uation to personal advantage, especially when enormous contracts
may be on the line. However, widespread discussion of what the
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nuclear airplane could achieve, assuming that it ever reached the de-
ployment stage, produced a consensus that time had passed it by.%¢
Evidence presented to the 23 July 1959 congressional hearing clearly
shows that after over a decade of research and development, aircraft
nuclear propulsion still had formidable technological challenges to
overcome (see Table 1),

A Long and Costly Odyssey

Even after the ANP was cancelled, the general idea did not go
away. At a hearing of the Joint Committee on Atomic Energy in
1962, Vice Admiral W. F. Raborn, Jr., Deputy Chief of Naval Opera-
tions, with supporting testimony from Secretary of the Air Force Eu-
gene M. Zuckert, fought to keep Project PLUTO alive. PLUTO, begun
in 1956, was a nuclear ramjet-driven missile that would fly at low al-
titude at supersonic speeds. The PLUTO missile would be able to
change direction, or “dogleg,” after launch and deliver weapons with
state-of-the-art accuracy. Seven million dollars had been spent in
1961, with an additional twenty-four million requested for fiscal year
1963, since the reactor had already proved successful. Admiral
Raborn stated that the Navy wished to pursue this technology for de-
ployment on surface ships and submarines. The missile also was be-
lieved to have space-flight potential 8!

Two other related projects were being conducted at the time of
ANP’s demise. Project ROVER applied nuclear-propulsion technol-
ogy to rockets capable of space travel. A second was considered by
the Navy as late as 1971. In May of that year, two scientists of the Na-
val Research Laboratory in Washington, D.C., submitted a study
finding that certain lighter-than-air craft, specifically rigid airships,
were perfectly suited to nuclear propulsion, since the weight prob-
lems were virtually eliminated. One proposed airship, the ZRCV,
would enclose almost ten million cubic feet and carry nine
air-launched bombers. This flying aircraft carrier would have no re-
actor-size problems, and shielding the crew would be simpler. As to
radiation exposure following an accident, “airship crashes have gen-
erally been relatively leisurely affairs, so that there should be less
danger to the public.”??

Even today these ideas have not fallen by the wayside. For exam-
ple, debate among those who envision a manned space flight to Mars
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Table 1
ANP Areas under Development as of 1959

Power Plant

High-temperature fuel materials

Turbomachinery

Integration problems-reactor/engines
Refinement & proof of shielding

Practical controls

Determination of installation requirements
(cooling, ducting, mounting points, loads, clear-
ances)

Establishment of power plant performance un-
der flight altitudes, speeds, loads & attitudes
(thrust available, control response, transition
behavior, afterheat removal, engine-out behav-
ior)

Maintenance and Handling
Equipment & Procedures

Installation and removal equipment for power
plant & A/C systems

Effects of atrcraft activation on procedures 8
equipment

Quick-disconnect requirements

Afterheat removal

Emergency equipment & procedures

Special facility requirements & design criteria
Aircraft hanelling equipment

Shielding Design

Exposure to design radiation fluxes shaping for
minimuim wetght

Selection of n/y ratios & degree of division
Evaluation of internal equipment shielding ef-
fects

Evaluation of shield augmentation require-
ments as related to ground handling

Design & test of duct & cable shield penetra-
tions

Environmental Development Testing
& Evaluation of Location Requirements
of Aircraft Subsystems for Max. Reliability

A/C (air conditioning, MTC [airbase & short
range navigation & communication equip-
ment], secondary power, flight control systems)
Weapon systems (B&N, long range communi-
cations, ECM & IR equipmenr, active defense
equipment)

Demonstration of the Practicability
of Nuclear Powered Aircraft through
the Effective Integration of the
Above Factors

Sustained flight on nuclear power only

Demonstration of reasonable & effective han-
dling procedures

Acceptable flight techniques
Verification of design solutions

Verification of operational capability, reliability,
and safety

Source: Joint Cominittee on Aromic Energy, Aireraft Nuclear Propulsion Program: IHearing before the Subcainmitiee on Re-
search and Development of the Congress of the United States, 86th Congress, First Session of the Aircraft Nuclear Propul-

sion Program, 23 July 1959, Y4.AT7/2:Ai7., pp. 30-1.
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has arisen over whether to use a nuclear power plant. In fact, decades
after its cancellation, the aircraft nuclear power project enjoys an
ironic postscript. First, although shielding from radiation was one of
the most difficult obstacles to overcome, the research begun by ANP
eventually matured into the tiles whose performance has been so
critical to the success of the NASA space shuttle. Many other success
stories eventually arose from the years of ANP development, in par-
ticular in the areas of materials and shielding (see Table 2).

* * *

To say that there is no use for a nuclear-powered plane is to immediately dis-
count the Air Force argument for a cruising missile platform—and to discount
this is tantamount to admitting that the entire Polaris missile program has
been a waste of time and money.

—Fred Hamlin®}

But none of these technological advances have ever truly opened
the way to a nuclear-powered aircraft. Why did the Navy not see that
ANP was doomed? What is to be learned from the long and costly
odyssey of the ANP? It would be in the realm of “counterfactuals” to
speculate whether ANP would have been successful had efforts been
concentrated on a single reactor design to be engineered for an air-
frame with constant mission requirements. As it was, the rivalry of
the Navy and the Air Force for unique ANP missions and, accord-
ingly, aircraft resulted in an enormous waste of resources and time,
and not enough to show for the investment; the patience of critical
decision makers ran out.

The ANP was not the first costly research project fought over by
military services but never fully developed, nor will it be the last. In-
deed, had the Air Force or the Army been able to produce coherent
arguments against nuclear submarines, perhaps the Nautilus experi-
ence would have been as unsatisfying. Since then, measures have
been taken to reduce interservice rivalry, especially the 1986
Goldwater-Nichols Act, which eliminated specified (that is, ser-
vice-specific) commands at the joint level. It would be worthwhile to
examine long-range research and development projects over the past
decade for indications as to whether another ANP-like scenario
could occur.
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Contributions

Table 2
of the ANP Program to Reactor Technology

Indirect-Cycle Program

Extensive liquid metal technology including development of an ad-
vanced high-temperature lithium-cooled reactor system, including:

+ High-strengrh refractory metal-columbium-zirconium alloy to
reach previously unattainable temperatures at light weight

» Applications for space, mobile packaged power, central station and
marine power plants

» Reliable, high-power-density fuel element pennitting smaller
cores, higher specific power, higher fuel burn-up, and lighter-
weight systems

Direct-Cycle Program

Metallic dispersion fuel element

Zirconium hydride solid moderator technology

Separation, purification, and fabrication of yrtrium used as an alloying
material to provide high strength and oxidation resistance to stainless
steel

Rhenium-tungsten thermocouples operating up to 3000°F in a nu-
clear environment

Information on radiation effects on organic materials

Ceramic fuel-clement technology, including ceramic-coated wires re-
sistant to high temperature and nuclear radiation

Information on electrostatic precipitator systems to filter effiuent air
Calculation methods programmed for computer use, such as
heat-transfer calculations

Instruments and devices for determining test results and reactor
control, including miniaturized items

Operation of a turbojet aircraft engine on heat supplied by a nuclear

reactor {65 continuous hours of operation at temperatures approach-
ing 2000°F using metallic fuel elements)

Ctrculating Fuel
Reactor Program?

Molten-salt reactor programn for civilian power at Oak Ridge Na-
tional Laboratory

New nickel-molybdenum alloy (INOR-8}, which increased the oper-
ating life of reactors using lithiumn-based fused salts
High-temperature liquid-metal pumps, valves, seals, heat
exchangers, and instrumenration technology used in reactor devel-
opment

Corrosion data on various alloys with lithium, sodium, sodium-
potassium, lead, bismuth, and various types of fused salts

New materials, reactor grade inconel and stainless steels, and new
fabrication techniques for large beryllium components

Bulk shield reactor (swimming pool reactor) designed and built to
obtain shielding data

5 MW spherical-gcometry tower shielding reacror designed and built
for use in radiation shielding development

Source: U.S. Comprroller General,

Report lo the Congress of the United States: Review of Manned Aircraft Nuclear Propul-

sior Program, Atomic Energy Commission and Depariment of Defense (Washingron, D.C.: General Accounting Ofiice,

February 1963), pp. 182-5.

a. This program was an carlier effort that was not pursued after initial research. Tt did not play an inherent

role in the Navy ANP.
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When considering the current phenomenon of the so-called “revo-
lution in military affairs,” it is wise to remember the programs that
failed, not just those that have been actually deployed. Break-
throughs in communications and computer science, for example, ap-
pear to promise technological “fixes” like those that ANP once
seemed to offer. Critical and independent reviews of such projects
are vital; more importantly, negative assessments must be given ap-
propriate credence by decision makers within and outside the ser-
vices, and kept in proper balance with other concerns. This is
perhaps the most difficult task of all.
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