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FOREWORD

This study is concerned primarily with the concludin
phase of the program to develop a nuclear-propelled aircraft
for manned flight, Covering the period from January 1959 to
March 1961, it seeks to make clear the factors that brought
about the termination of the program, The emphasis is on| the
policy-management level, and technological factors are dealt
with only to the extent that they became involved at that
level, A summary review is given of the earlier phase from
1946 through 1958, For this phase the study draws heavily,
though by no means exclusively, from & historical study pre-
pared by the Wright Air Development Center in 1959, The USAF
Aircraft Nuclear Propulsion Program, Charts and tables are
provided in an appendix to summarize the financial support
of the program and to illustrate the organizational structure
for its management,

Nuclear Propulsion for Mapped Aircraft is part of the
larger Higtory of Headquarters USAF, Fiscal Year 19%60. It
is being published separately to make it more readily avail-
able throughout the Air Force,

JoSEPH W, ANGELL, JR.

Chief, USAF Historical Division
Liaison Office
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I, REVIEW OF THE ANP PROGRAM, 1946~58

Air Force interest in nuclear propulsion for aircraft officially be-
gen in late 1945, when Brig. Gen. Alden R, Crawford, Acting AC/AS-/, Hesad-
quarters, U.S. Army Air Forces, directed kthe Air Technical Service Command
to investigate all possible military applications of nuclear energy.* In

early 1946 the AAF authorized North American Aviation, Douglas Aircraft,
and a group of aircraft engine companies headed by Fairchild to pursue in-
dividual research projects that either primarily or secondarily involved

muclear propulsion for airecraft or guided missiles A 4 Concernejd over pos-

sible security leaks and loss of trained personnel, Manhaﬁtan ‘Dis'orict '
finally required the AAF (later the U.S. Air Force) to concenirate all such
work under the Fairchild group, known as Project NEPA (Nucleer Energy for
Propulsion of Aircfaft). From May 1946 through fiscal year 1950, ﬁEPA
functioned as a rather low-level feasibility study and research effort with
funding of about $21 million, In addition, the Atcmic Energy%Comission
'(AEC) expended about $1.4 million for reactor research and thé Air Force
about $184,000 for genéral support., T

Col. Donald J, Keirn had made informal inquiries about a year be-
fore but had been discouraged from pursuing them, (WADC, The USAF Air-
craft Nuclear Propulsion Program (1959), p 4.)

t'l‘he North American atomic'propulsionr work was integrated with its

Project MX-770, which slightly antedated NEPA, The AAF reluctantly ter-
minated the atomic propulsion phase of Project MX-770 in April 1947 after
recruitment of an impressive array of scientific talent and oduction of
a development proposal termed "interesting.” Douglas planned its atomic
propulsion research as & phase of Rand, which it then controlled. In
early 1947, NEPA took over Rand's Battelle Institute contract and Rand
agreed to stay out of design and construction while cooperat with NEPA
in the evaluation /of proposed propulsion systems. (See Lee Bowen & Robert D.

little, History of The Air Force Atomic Evergy Progrem, II, 51-63.)
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Although firmly supported by the Air Force, NEPA came under heavy
attack from certain members of the Committee on Atomic Energy of the
Joint Research and Development Board (JRDB; later RDB) and in 1947-48
was close to cancellation, It was saved by the mildly favorable Lex-
ington Report, prepared during mid-1948 by a group of MIT scientists at
the request of the AEC, The Lexington scientists believed that manned
nuclear-powered flight could be achieved within about 15 yeﬁrs if the
United States provided about one billion dollars and a large quantity
of its most vital scientific resources. Thus supported, the Air Force
won lukewarm approval from the RDB and AEC and in July 1949 a tentative
:Lndorsement from the Joint Chiefs of Staff (JCS) " who also requested the
Weapons Systems Evaluation Group (WSEG) to study the matter further. At
the same time, the interested agencies—the Air Force, AEC, National Ad-
visory Committee for Aeronautics (NACA), and Navy--established a broader
and more firmly coordinated program known as Aircraft Nuclear Propulsion
(ANP) J Although this brought somewhat better cooperation from the AEC,
vtogether with some support from its Reactor Development Division, there
was no significant increase in funding., The main activity remained cen-
tered in NEPA, which continued as a phase of ANP until 1951.2

By 1950, NEPA had identified two theoretically practicable approaches
for a feactor-propulsion system., It had also established that the weight

*
The Air Force, Navy, AEC, and NACA representatives agreed in Jan-
uary 1949 that the AEC would accept responsibility for the reactor, the
Air Force for the engine and airframe, and NACA for supporting aeronautical
research, . An ad hoc committee, including representatives from each, would
provide policy direction, The NEPA project would continue as one phase of
the enlarged program. An agreement provided for funding at $10 million
per year over a three-year period, with the AEC, Air Force, Navy, and NACA
furnishing 50, 30, 10, and 10 percent respectively; but this was not fully
implemented, The larger program was approved by the Military Liaison Com-
mittee and the Committee on Atomic Energy. (See Higt, AF Atomic Energy

Prog, II, 575.)
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of shielding might be held to about one-foﬁrth of the predicted 500,000
pounds, permitting abandoﬁment of the cumbersome tug-tow sug iestion* and
clearing the way for a possible experimental "flying test be v aircraft.
Accordingly, the Air Force proposed in November 1950 the modjfication of
a B-36 to incorporate a liquid-cooled (indirect cycle) reactcf)r to drive

turbojet propulsion units. This meant accepting the AEC-fav%red indirect
cycle (IDC) reactor in lieu of the NEPA-favored direct air cycle (DAC),
rejecting Fairchild's proposal to build an entirely new expe imental
‘airplane, and terminating the NEPA c_,,'cntract,.:3 | ‘

On 19 December 1950 the Air Force revived before the JCS1 the question
of nuclear energy for aircraft propulsion, which had been quieééent in
that body since July 1949, It cited the recent preliminary #tudy, The
Military Potential of Nuclear Powered Aircraft, prepared by the WSEG for
the JCS, which had concluded: "Military requireménts for the development
"of nuclear powered aircraft cannot be more sharply defined uﬁtil aircraft
nuclear power plant characteristics are more conclusively es‘i;abiishéd on
the basis of further research, development, and demonstratioh."A The Air
Force contended that_its- B-36 modification plan was feasible% for immediate
implementation and that with further development a supersoni aircraft of ,
unlimited range could be built. It explained that a test-stand nuclear
power plant for the aircraft could be in operation by the en+i of 1954, a
subsonic flying test-bed aircraft flown before the end of 19L§6_, and a su~-
personic aircraft within two or three years thereafter. It ?ecommended

undertaking the first step immediately, with sufficient prioi’ity to assure

completion before the end of 1954.5

Under this concept, originally proposed in the Lexington Report,
the need for shielding would be drastically reduced by placing the reactor
and engines in a remotely controlled unit that would tow by | steel cable
a separate section containing the crew and payload. }
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When queried on its views, the AEC replied: "It is the Commissiont's
general conclusion that the aircraft project is technically feasible, and
that, short of a fcrash program® basis, which could be extremely disrupt-
ing to our essential production program, men and facilities could be found
to make progress on this project at a reasonable rate, if the need for it
can really be justified.“6 The Military Liaison Committee (MLC) accord-
ingly rgcommended that the JCS establish a requirement for the construc-
tion of a nuclear aircraft power plant with a priority after any reactor
projects primarily concerned with production of fissionable material. On
12 March 1951 the JCS complied, also asking the MLC to request the AEC to
undertake the development effort in cooperation with the Air Force. Since
the Air Force had emphasized the need for a nuclear-powered aircraft to
carry out its strategic mission, the reoriented program included a contract
with Lockheed to study advanced aircraft designs and associated navigation,
bomb delivery, and flight techniques as well as a contract with General
Electric to develop a propulsion system, The Air Force also awarded study
contracts to Boeing and Pratt & Whitney.7

Beginning work in March 1951, General Electric became convinced by
August that the direct air cycle reactor was more practicable than the
indirect cycle, It quickly won the support of the Air Force and, by April
1952, the reluctant assent of the AEC to & shift to the former, Both the
AEC and Air Force continued, however, to support research on various forms
of the indirect (closed) cycle, as a possibly more efficient alternative,
This divided the principal development effort along two lines, with the
result that $561 million would be expended on the direct air cycle and $288

#
million on the indirect cycle over the next 10 years. Even in early 1961

For a financial summary of the program, see below, App 1.




the proponents of each approach,with, no final choice made, still would be
arguing the relative merits and disadvantages.8
On 8 April 1952, Acting Secretary of the Air Force Roswell L. Gilpat-

ric informed the AEC of the three principal Air Force program objectives.9

1. To develop, in a cooperative program with the AEC, nuclear
propulsion systems for aircraft, and to carry on research
and development of importance in improving the performence
‘of such systems beyond that which may be expected in the
first phase,

2. To create a capability for studying, testing, and e‘aluating
nuclear propulsion systems on the ground and in flight.

3. To flight test a nuclear propulsion system in a flying test
bed in the period 1956-1957, with the condition that this
target date is subject to change as technical progress and
available funds may dictate. '
The program made what appeared to be substantial progre%s during 1952,
To emulate the rapidly advancing Navy-AEC effort on a nuclear-propelled
submarine seemed obviously desirable, but the technical prob‘ems in air-
craft propulsion were so different and so much more formidable that the
only immediately practicable borrowing was the establishment| of centralized
cortrol by one individual, Accordingly, in November 1952 the Air Force
designafed Maj. Gen. Donald J. Keirn overall coordinator*for}its part of
the program and the AEC simultaneously named him chief of it% Aircraft
Reactors Branch, In September 1952 the Air Force confirmed #he choice of
‘the B-36 and allocated two aircraft to Convair, the manufacturer, for modi-
fication as X-6 ground-test and flight-test vehicles., Completing the de-
sign of the propulsion system, General Electric estimated that the four
X-40 engines, activated by an R-1 reactor, would develop & t#rust of 26,000

pounds and propel the X-6 at 300 miles per hour, at an»altitﬁde of 15,000

¥
More officially, within the Air Force, Keirn'held the‘posts of Chief,

WADC ANP Project Office; Assistant for ANP to the Deputy Chief of Staff/De-

velopment, Headquarters USAF; and Assistant for ANP to the Commander, Air

Research and Development Command,




feet, The power plant weight vonld be 140,000 pounds, including reactor
shield, Athough it was obvious by the end of 1952 that the target date
for nuclear flight had been entirely too optimistic and would have to be
pushed back to 1958, the Air Force directed Boeing to proceed with design
studies for a 1960-65 nuclear-povered bomber-reconnaissance aircraft.lo

In early 1953, for the first time since 1948, the entire program came
under fire and for a time was on the verge of cahce]lation, as a result of
the defense reorganization by the new national administration. On 22 April
the National Security Council (NSC) approved a recommendation from the
Office of the Secretary of Defense (0SD) to terminate the entire program.
Deputy Secretary of Defense Roger M., Kyes pointed out that this would "save®
approximately $50 million during fiscal year 1954 and much larger sums dur-
ing subsequent years, Despite the Qpparent finality of the action, the
NSC accepted an Air Force reclama and on 6 May reyersed itself and approved
a program reduced to approximately $23.8 million for 1954, as compared to
$59 million authorized for fiscal year 1953, The action in effect converted

the time-oriented development program into one without definite echedules.n

*
In early 1954, Boeing presented to Headquarters USAF the concept that

a manned bomber using nuclear power for subsonic cruise to the general tar-
get area and added chemical fuel for a supersonic dash to the strike zone
was. the most suitable strategic weapon system for the 1960%'s., This idea
pined rapid acceptance among Air Force nuclear propulsion proponents, who
were further encouraged by several significant technical advances, partic-

The concept had been considered within the program several times
‘a8 & possible compromise shortcut to operational status for ANP., The ger-
minal idea originated with Col. W. L. Krisberg of WADC, (Ltr, Maj Max E,
Erwin, Dsgd Sys, DCS/S&L to AFCHO, 9 Aug 62, subj: AFCHO Historical Study
in AFCHD files; interview by Max Rosenberg with Col C. D. Gasser, Jul 62.5




" ularly in radiation effects and DAC development, Meanwhile, favorably

impressed by Pratt & Whitney's efforts on an 1ngenioua closed cycle system,
the circulating-fuel ("f:l.reball") reactor, the AEC pressed for increased
support to develop a prototype propulsion system of this tm.lz

With support indicated from the AEC and congressional Joint Committee
on Atomic Energy (JCAE), the Air Force Council in January 1955 took the
first step toward accelerated development by approving a vtvo-;fpronged pro-
gram leading to selection of a cycle by 1958 and delivery of \30 operational

sircraft in 1963. In March the Air Staff followed up by issuing General Opera= _

tional Requirement (GOR) 81 for a piloted nuclear-powered i.n‘bercontinental
bombardment weapon system. Afber Secretary of Defense Charlﬁs E. Wilson
approved the accelerated program in April the Air Research Development
Command (ARDC) issued System Requirement 18, which designate the project
| Weapon System 1254 and assigned primary responsibility to thé Wright Air
Development Center (WADC), The minimum performance specified was a radius
of 11,000 nautical miles, dash radius of 1,000 nautical nile#, cruising
aititude of 30,000 feet, dash altitude of 60,000 feet, cruis; speed of
Mach .9, "maximum possible supersonic" dash speed, ind bomb d of 10,000
pounds, "Desired" figures were much higher, Noting that the program was
fully as important to the Air Force as the Atlas project, Geﬁ Thomas D,
White, Vice Chief of Staff, assigned to it a l-A priority and the "highest
supply precedence rating®, The WADC pi'oject office, headed by Col. Ralph
L, Wassell,* i:repared a development plan calling for nuclear-powered flight
in July 1961 and the first operational aircraft in July 1963. On the other

Colonel Wassell reported directly to Lt. Gen, Thomas S, Power, Com-
mander, ARDC, who wae advised by General Keirn as overall co dimtor of
the progranm,




hand, the Air Force Scientific Advisory Board (SAB), while agreeing with
the plan objectives, found the schedule overoptimistic by three to five
years.l3

During the remairder of 1955 and early 1956 the program moved forward .
energetically, and obligated funds jumped to $157 million for fiscal year
1956 as against $54 million the previous year, Among other signifiecant
technical advances was the operatiou on 31 January 1956 of a turbojet engine,
coupled to a direct air cycle reactor. An inherent hazard of the direct
air cycle, leaks of radioactive material through cracks in the coating of
the fuel elements, forced several shutdowns of this test system, however,
It was also obvious that reactor operating temperatures would have to be
ralsed much higher to secure a useful system. This in turn would increase
the danger of leakage unless new, more heat-resistant materials were de-
veloped and/or the "hot-spot" problem alleviated by improved design and
engineering. Meanwhile, exaggerated news accounts of the leakage hazard
created public alarm that brought an end to the testing and threatened to
force the building of more isolated f'acilities.l4

During the course of 1956 more and more obetacles appeared in the
WS-125A program. These at length made it obvious that the Air Force could
not reach its operatiohal goals under the schedule or any moderate extension
of it. As early as Apfil 1956, Lt. Gen., Donald M, Putt, Deputy Chief of
Staff/Development, had stated that the WS-125A was beyond the current state
of the art. Although Convair and Lockheed, the two principal airframe con~
tractors, and General Electric and Pratt & Whitney, the tvo engine contractors,

remained optimistic regarding their technical proposals, the frequent alter<

ation of these was itself significant. The estimated cost of $3 billion for

II .'é
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20 test and 30 operational aircraft also gave pause., In vietiw of such un-
certainties, the Air Force, although still convinced of the requirement,
hesitated to advocate an all-out program, which would have required $330
million in Air Force funds for fiscal year 1957 alonme.
In December 1956, after several months of near paralysi‘ from lack
of funds, the Secretary of Defense and the Director of the Bureau of the
Budget, with Presidential concurrence, decided to reorient t?xe existing
program at a reduced level, On 1 February 1957 the Departxnei t of Defense
(DOD) explained to the JCAE that the long-term requirement for a nuclear-
powered bomber was valid but that the original program objec ives would
not be sought immediately, Five days later Maj. Gen. Jacob i}. Smart, Assiste
ant Vice Chief of Staff, USAF, reemphasized the continued oﬁficial Alr
Force policy on the importance of the nuclear-powered aircraft. Grouping
it with the intercontinental ballistic missile as examples of essential
future weapon systems, he mentioned the necessity of developing power plants
"for both high and low altitude applications and covering a broad spectrum
of speeds." More realistically, the Air Force on 4 February advised the
princiﬁal contractors to delay their schedules and in March lowered the
precedence rating of the program from I-1C to 2[1-3.15
Meanwhile, three ad hoc groups--the Littlewood Committee, the Mills

3*
Board, and the Canterbury Committee ——reporting to the OSD, the DCS/De-

The Littlewood Committee, headed by William Littlewood, a member of
the Technical Advisory Committee on Aeronautics, Assistant gcretary of
Defense (Research & Development), included three other well-known civilian
experts in the atomic, aeronautical, and electrical fields.| The Mills

Board, headed by Maj. Gen., John S, Mills, included four other major generals,
one brigadier, and one civilian--most of whom had had extensive experience

in the atomic energy program, The Canterbury Committee, headed by Maj. Gen.
William M, Canterbury, otherwise consisted of five USAF colonels, all of ARDC.
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velopment (Air Force), and ARDC respectively, restudied the entire ques-
tion. There was general agreement in the three reports which emerged in
April, May, and June 1957 that GOR 81 was unrealistic from the standpoint
of performance and schedules, The boards also doubted the validity of the
existing weapon system approach, advocated a return to more basic research
and development, and recommended development of an experimental subsonic
low-altitude aircraft as the first goal. Shortly thereafter, in mid-June,
the four principal contractors testified before JCAE!s Subcommittee on
Research & Development that they were confident of success provided they
received firm support, although disagreeing on the proper course of devel-
opment, None would promise a flyable experimental aircraft before 1963,
and Lockheed advocated switching to a subsonic, low-altitude bombc.er.l6

An extensive revamping of the ANP program followed during the summer
of 1957. 1In response to the demand of the JCAE for a greater degree of
centralized control and responsibility, the Air Force on 3 June 1957 moved
General Keirn from ARDC to Headquarters USAF, as Assistant DCS/Development
for Nuclear Systems with full authority over all Air Force participating
elements. In November the Air Force and AEC established a jointly staffed
and jointly controlled project office, located in AEC headquarters, known
as the Aircraft Nuclear Propulsion Office (ANPO)., Keirn was also named
to head this, while retaining his post as chief of the AEC Aircraft Reac- <
tors Branch as well.

Meanwhile, on 6 June 1957, General Smart had defined the ANP program
as encompassing “the development and developmental testing of nuclear power
plants for aircraft systems and the provision and use of suitable plants

in flight" as well as "similar activities pertaining to nuclear propulsion




for missiles, nuclear auxiliary power plants for use in air?craft or mis-
siles, and such other nuclear devices that may be subseque }tly agsigned
to the Program." In October 1957 he had also made clear that, although
the general Air Force objective remained a strategic weapon system, the
program for the next several years was to be basically ited to propul-
sion system development, with the entire effort concentrat;d under ANPO,
Although GOR 81 remained in effect, these changes made it apparent that
weapon system development was at least temporarily at ane | .17

On 20 August 1957, Keirn had furnished other program teciﬁcs. The
major objective was introduction of "a limited number of muclear-powered
turbojet strategic bombers in the 196669 time period,® with both high-
and low-altitude and subsonic and supersénic speed capabilities. Early
experimental flights of a DAC system would begin in 1963 or 1964. Convair
and Lockheed airfreme design work would be cut back sharply. Development
of an IDC propulsion system by Pratt & Whitney would continue, but under

almost complete AEC control.* The Air Force and AEC would| supply strong
funding support for General Electricte DAC development in order to obtain

a ground-test prototype and a first flight-test system as soon as possible.
The Air Force would provide $60 million and AEC $90 million in each of
fiscal years 1958 and 19‘59.18

Pratt & Whitney had abandoned work on the circulating-fuel reactor
and was working on a solid-fuel liquid-cooled type. The "fireball" reactor
had shown considerable promise for a time, An experimental version "went
critical®™ with higher than expected output of 2,5 megawatts at Oak Ridge on
3 November 1954, and work on the reactor continued, The Oak Ridge National
Laboratory in mid~1957 proposed a continued development effort leading to
a prototype aircraft reactor in 1960, but severe engineering and fabrication
problems were still unsolved and the necessary funds were not forthcoming.
(WADC, The USAF ANP Program, pp 117, 126, 182, 203, 209, .) The AEC con-
tinued work on it for other purposes, and its early development becams a
byproduct of the program, ‘




Following the Russian launching of the first earth satellite on 4 Octo-
ber 1957, Chairman Melvin Price of JCAE®s R&D subcommittee urged that the
program be accelerated to provide a successful nuclear flight demonstration
in order to recapture scientific prestige., The AEC stated a similar posi~
tion, and the Air Force offered to demonstrate nuclear flight in 1962, In
response, President Eisenhower®s scientific adviser, James D, Killian,
appointed an ad hoc committee, headed by Robert F, Bacher, to examine the
prospects of early flight, After the Bacher Committee recommended continued
concentration on a high-temperature reactor*the President on 25 February
1958 disapproved the accelerated flight proposal, stating that it would
detract from the objective of creating a militarily useful aircraft.19

0SD took the occasion to establish more definite guidance for the ANP
program, in accord with the President®s decision, Deputy Secretary of De-
fense Donald A, Quarles advised the JCAE on 6 March and the Secretary of
the Air Force on 13 March that the program would concentrate on reactor
development, following two principal lines of attack. The direct air cycle
reactor and associated turbojet propulsion unit would be the primary objec-
tive, with particular emphasis on the development of improved materials to
achieve maximum performance, while the indirect cycle project would con-
tinue at the current level of effort, as justified by its long-range higher-
performance potential., Although the Air Force took advantage of an invite-
tion to request additional funds, no significant increase resulted.20

Many ANP enthusiasts questioned the findings of the Bacher Committee,
despite its distinguished leadership, on what were to become familiar grounds--
that there had been no searching for new facts or direct examination of the
work in the field but only a rehashing of inaccurate information from secon-
dary sources. (Ltr, Erwin to AFCHO, 9 Aug 62.)
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Meanwhile, the Strategic Air Command had devised a new| concept for
a nuclear-powered manned weapon system known as CAMAL (continuously airborne
missile launcher), While taking full advantage of the endurance and range
characteristics provided by nuclear power, the concept would not require
the high speed and high altitude that for some years had been considered

essential to a strategic bomber and were creating major development problems,
CAMAL, its proponents argued, would be invulnerable to the Russian long-
range ballistic missiles now regarded as operationally im:l{hant.m'

The USAF Aircraft and Weapons Board indorsed the qu‘ concept in May
1958, and in July the ARDC undertook a design competition to permit selec-
tion of an airframe contractor by January 1959. The desigtsja would be based
on the General Electric XMA-1 reactor, which was far along in development.
On 28 October 1958 the Air Staff issued GOR 172, calling for the following
relatively modest performance: flight endurance of 50 to 120 hours, pay-
load of 2 air-launched ballistic missiles and a 10,000-pound bomb, speed
of mach .83 to .9 at low altitude, and an initial operatioxial date of 1966.

Required by its mission to be able to maintain a continuously airborne

alert and nomedic patrol, the desired aircraft would be capable of rapid
reaction by air-launching ballistic-type missiles followed by low-level
delivery of a "lay-down" weapon., The GOR also listed secondary capabilities
for intelligence, armed reconnaissance, airborne command qust, early warn-
ing, ZI-based global support of limited war operations, ant}j active air de-
fense, |
In late 1958 the Air Force proposed to OSD the start of a CAMAL dévelop-

ment program leading to nuclear flight tests in 1962 and an initial opera-

tional capability in 1965-66, but it was unsuccessful in getting support.
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Nevertheless, tbe Air Force continued its airframe competition, and after
evaluation by a 70-man USAF technical team, on 20 March 1959, selected
Convair as the winner, The winning design, Model 54, was sufficiently flex-
ible to accommodate first- , second- , and third-generation enginee.23
Meanwhile, the Navy late in 1958 had proposed to install a nuclear
pover plant in a British-built turboprop sesplane, the Princess,*and then
to follow this with a specially designed nuclear aircraft for antisubmarine
and early warning missions. In December 1958, Aviation Week in a widely
publicized article claimed that the Russiens had already flown a nuclear-
powered aircraft, exciting repercussions both from the public and from the
JCAE, The ferment resulting from the injection of these new factors helped
to induce program reexamination and, ultimately, another reorientation.u
On 2 January 1959, Deputy Secretary Quarles and AEC Chairman John A,
McCone joined in asking Presidential approval of their proposed general
course of action for ANP. They rejected both that CAMAL and Princess pro-
posals in favor of the existing limited program, Conceding the CAMAL could
be built by the mid-1960%s, they stated that it would be of marginal mili-
tary value and would not supplant other strategic weapons., They considered
the Navy proposal technologically premeture, McCone and Quarles deemed the
political and psychological significance of first nuclear flight insufficient
to justify an accelerated effort. Baving rejected change in the major pro-
gram objectives on these grounds, they also found no technical developments
varranting significant change in emphasis or direction. They recommended

Air Force nuclear propulsion officials regarded the proposed com- |
bination as virtually unusable, as well as requiring a complete redesign
of the IDC propulsion system to be employed. (Ltr, Erwin to AFCHO, 9 Aug 62.)
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an obligational authority of $150 to $160 million for fiscal year 1960,

about equally divided between the AEC and Air Force. This was about $90
million less than proposed by the Air Force and would actua - constitute
the Air Force and would actually constitute a small cutback from 1959.
Policy guidance would remain as directed by the President in%Fe'bruary 19583
primary effort on a DAC unit for the strategic mission and secondary effort
on the IDC reactor, with limited associated inveetigations o% shielding,

radiation, the airframe, and operational hezerds. With 11 tt] delay, Pres-

ident Eisenhower spproved the Quarles-McCone recommendations on 8 January

1959.2

5
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II. THE 1959 REEVALUATION

The Presidential decision of 8 January 1959 by no means ended the
matter, since the JCAE, which considered itself the watchdog of the ANP
program, remained dissatisfied with the scope and schedules. Called before -
the JCAE's R&D subcommittee on 26 January to explain the viewpoint of the
Air Force, Secretary James H, Douglas, Jr., conceded that the original
goals had been set too high and the Air Force would now settle for a sub-
sonic aircraft., While admitting also that the Air Force was giving less
priocrity to the program than a few years back, he emphasized that the Air
Force still had a firm operational requirement for nuclear-powered aircraft
and a firm set of development objectives.* Although the Presidentially
approved DOD-AEC program had set back both the development goal of nuclear
flight in 1962-63 and the operational goal of a CAMAL system, the Air Force
would still press at least for an experimental nuclear aircraft., All sub-
committee members except one expressed opposition to the administration's
decision to postpone a time-phased aircraft development.l

During the succeeding months the JCAE continued to bring pressure on
the DOD to establish a definite aircraft program, In téstimony before the
comeittee on 5 February 1959, Deputy Secretary Quarles committed himself
to continuous review of propulsion system development to insure a timely
flight test program, In April, JCAE's R&D subcommittee visited General

Electricts DAC reactor development facility at Evendale, Ohio, and was

Although GOR's 81 and 172 had not been withdrawn, they were perforce
held in abeyance, (See below, pp 30,39.)
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greatly impressed, Chairman Price then informed Quarles that GE's propul-
sion progress warranted a DOD "go-ahead® beginning in fiscal 1960 on detail
design and conmstruction of the prototype CAMAL, He contended that this

would permit nuclear-powered flight in early 1963 with the best reactor
then available, since the airframe would be adaptable to bot.jh types of
reactors., If ground tests in 1961 were unsuccessful, airfra;ne work could
be stretched, Price asked Quarles for a technical and funding decision,
stating that his subcommittee planned public hearings beginning 14 May.2
During the first week in May, possibly moved by this request, Quarles
visited the Evendale facility. Immediately thereafter, on 7 May, he and

McCone reviewed the ANP program with USAF and AEC representatives. Accord-
ing to USAF officers attending, Quarles announced that he vqhxld ask for
Presidential approval of a plan presented by General Keirn ‘o initiate work
on a flight-test program using the direct air cycle engine, It would be
a modest beginning, with the Air Force and AEC reprogramming $20 million
and $5 million, respectively, in fiscal year 1960. At thisipoint fate
jntervened—Quarles died of a heart attack during the nighti*and his suc-
cessor, Thomas S, Gates, Jr., passed the problem to Dr. Herl*jaert F, York,
Divector of Defense Research and Engineering (D/DR&E).” York spproached
the matter cautiously despite the congressional pressures.

Meanwhile, three agencies--the WSEG, the SAB, and the S-~were also
studying the program. The first of these, WSEG, reported on 25 May that

development of nuclear-powered aircraft weapon systems for the 1960-75

On the day following, the office of The Assistant DCS/D for Nuclear
Systems and the MIC staff attempted to get out an MIC lette to the Presi-
dent along the lines directed by Quarles, but the D/DR&E blocked this. - (Ltr,
Erwin to AFCHO, 9 Aug 62.)




period was feasible and that these systems could be used in at least four
missions--antisubmarine warfare, airborne early warning, logistic trans-
port, and long-range attack. However, WSEG also reported that nuclear-
propelled aircraft would be more costly than conventional aircraft for the ¥
first three of these missions, even in a turboprop version. On the other
hand, for airborne alert and long-range attack purposes, WSEG believed CAMAL
had a pronounced advantage over both the B~52 and the proposed B~70 if the
reactor had an operating life of 1,000 hours. The group warned that seri-
ous technical problems had to be solved and concluded that the most logical
approach was to obtain operating experience from a small number of experi-
mental aircraft before making large commitments to weapon system develop-
ment.l*

This middle-of-the-road report was not altogether displeasing to the
Air Force, which was willing to accept an experimental rather than weapon
system approach in order to get design work under way. In fact, the Air
Force presented a similar viewpoint in the JCS, which had been asked by
OSD for a military appraisal of the proper course of action. In reply on
19 June 1959, the JCS adopted this position--that there was considerable
military potential in a nuclear-powered aircraft, that an early flight was
in the national interest, and that precise military applications were not
yet sufficiently clear to establish military requirements and define spe-
cific weapon system concepts. It approved the military desirability of
a flight-test program as soon as technically feasible and recommended that
the prototype aircraft be capable of testing all proposed engines.5

Five days later, JCAE's R&D subcommittee informally discussed the ANP

program with McCone, Commissioner John F, Floberg, and General Manager
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A.R. Luedecke of the AEC; Gereral Keirn, chief of the ANP program; Vice

Adm, John T, Hayward, the Navy representative; Chairman Her]j)ert B. Loper
of MIC; and Gates and York., York quickly made clear that he would not
follow the new course supposedly approved by Quarles before his death.
He indicated that the primary problems concerned primarily the develop~
ment of a reactor-engine combination capable of militarily seful flight
and only secondarily flight-testing an experimental aircra be Rejecting
the Keirn proposal to begin development of a test aircn‘aft,j he would con-
tinue to emphasize reactor development until there was a definitely feasi-
ble and potentially useful item available, To do otherwise would inter-
fere with reactor development, particularly of the indirect cycle. York
argued that attempts to find shortcuts and apply "brute force" had charac-
terized the program to date and that an insufficient propo ion of the
funds and energy had been expended to develop a high-pervaance reactor.
Gates testified that Secretary of Defense Neil H. McElroy desired to put
additional funds into the program, but only for Pratt & Whitney's experi-
mental IDC reactor.
The 0SD stand was a severe disappointment to the Air Force, the AEC,
and the JCAE. To some Air Force officials the decision meant essentially
that the program would continue at low level until it "fell /flat by being
overtaken by time", Although sympathizing with DOD's financial difficul-
ties, McCone emphasized his disappointment over York's conclusions and
expressed his own belief that it would be worthwhile to build a nuclear
aircraft even though it did not meet any specific militery need. Success-
ful flight in itself would provide both incentive and experience to com-

plete development, Chairman Price, nearly all other members of the sub-
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committee, and Senator Clinton B, Anderson, chairman of the parent comif—
tee, strongly indorsed McCone's views., Only Senator Bourke B, Hickenlooper
had reservations about a flight program that met no specific military need.7

On 7 July 1959, York formally rejected the Keirn proposal for early
flight of the General Electric XMA-lA direct air cycle system but approved
increased support to the indirect cycle system., York reiterated that the
development program should concentrate on high-temperature reactors for
militarily useful flight and on turbo machinery needed to verify the feasi-
bility of nuclear flight, Nuclear flight itself should be deferred until
the AEC had firmly established the feasibility and potential usefulness of
an advanced power plan‘t..8

In a simultaneous report to the Secretary of Defense, York gave some
of the technical reasons for his conclusions. He conceded that the XMA-1A
reactor using nichrome-V fuel elements could probably propel a Model 54
aircraft weighing 600,000 pounds at a speed of about Mach .6 and an alti-
tude of 10,000 feet, However, there could be no payload other than supple-
mentary chemical fuel for 750 miles, and the reactor would have an operat-
ing life of only 100 hours, Such performance, he said, had no military
value, He contended that the Keirn proposals would cost at least $1.169
billion over the next five years, be no more than a repetition of the
"brute force approach® of the past, and divert funds from the prime problem
--development of a militarily useful reactor-engine combination, York
argued that since no "reasonably possible” program could lead to militarily
useful flight before 1970, it was impossible to describe in detail opera-

tional requirements for a nuclear-powered aircraft or prove its usefulness

9
by cost-effectiveness studies,
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With regard to reactors, York questioned the military worth of the

more advanced DAC metal version using iron-chromium fuel elements, since
the materials would have to operate too close to their theoij'etical thermal
limits. He proposed an immediate jump to a third-step reactr using ceram-
ic fuel elements of beryllium oxide, A similar situation prevailed with
IDC reactors. The simplest form, using liquid sodium for heat transfer

and stainless-steel jacketing for the fuel elements, could serve no use-~

ful military purpose. The second type, using lithium-7 and sodium potas-
sium in a double-loop system with the fuel elements encasedi in columbium
alloy, would also have to operate too close to theoretical 1 hermal limits,
Therefore, a jump to a third type, using lithium-7 in a single-loop system
and columbium alloy for both heat exchanger and fuel element jackets, seemed
in order. Only then could nuclear engines duplicate the speed and altitude x
performance of chemically fueled jet engines., The decision; between the DAC
and IDC reactors would necessarily have to be left to a later date, pend-
ing further advances and more performance data.lo
The York decision meant at least another year's delay in embarking

on a program leading to nuclear flight., Any disposition of| the Air Force

to object was quickly discouraged, however, by the appearance on 17 July
1959 of the report by the SAB's ANP ad hoc committee, The committee con-
clusions gave definite hope of ultimate nuclear flight but furnished little
support to the Air Force for early flight tests. Among the most important
points were the following: the earliest flight test could be made in five
years using the XMA-1A metal core reactor, but with marginal performance;
an improved ceramic core DAC might be available by 1965 and an IDC reactor

by 1967; the IDC reactor appeared to have a clear advantage for supersonic




flight and in ground handling; the general Model 54 conﬁéuration was suit-

able for testing both types of reactors; and no clearly supported military

requirement for a manned nuclear aircraft had been presented.ll
More important, the committee made four specific technical recommen-

dations: (1) in the DAC reactor effort, development of metal cores should

be dropped and emphasis placed on the ceramic (beryllium oxide) core; (2)

development of the IDC single-loop system should be intensified; (3) Phase

I study of a test-bed aircraft for flight-test purposes compatible with

both cycles should be started at once; and (4) decision on construction

of the aircraft could profit from a one-year postponement. The committee

dealt at some length with the relative merits of the DAC and IDC reactors,

finding the latter superior in several different ways although several years

behind in development., It emphasized the great weight advantage deriving

from the smaller amount of required shielding and the greater versatility

in permitting the use of “off-the-shelf? turbojet and turboprop engines. »

The coomittee also urged that the program be more closely coordinated by

a permanent technical advisory board composed of contractor and other quali-

fied experts.:l'2
The SAB report was received unhappily by General Keirn, who saw his

stand for a metallic-core DAC reactor in the first aircraft (with the cer-

amic as an improved follow-on) contradicted by the recommendation for using

a ceramic-core reactor initially. This would mean drastic modifications

to the current ANP program and delay the first-flight development effort

by at least two years. "Hardware will be put on the shelf, subcontracts

terminated, personnel strength at GE reduced, and in all probability the

Flight Engine Test Facility at ﬁrcg? Idaho will be placed in standby, and




. T i ‘; ¢ 23

a rew facility complex at the Nevada Test Station constructed," he stat.ed.13
The JCAE was not disposed to take York®s decision quietly. It reacted
by holding on 23 July 1959 the first public hearings in the history of the
ANP program. At that time, Representative Price observed that members of
the committee had been "distressed to learn that plans for a flight pro-
gram . . . are now being shelved in favor of continuing a policy of drift
and indecision which has characterized the program from the start," despite’
the general agreement in both the DOD and AEC that a direct air cycle sys-
tem was now in existence for initial flight tests.
McCone again supported the committee's contention that the greatest

need was establishment of a flight-test phase as a definite program objec-

tive. While technical feasibility of nuclear flight had now been assured,
he said, there was a critical need for operational data to be used with
improved systems. Nevertheless, he conceded that the requi} ment for a
nuclear-powered aircraft was less than in 1948 or 1950 because of the ad~-
vent of rival weapon systems.
Under Secretary Fred A. Bantz and Admiral Heyward stated the Navy's
i

need for an aircraft of extended range and endurance for a yvariety of mis-

sions, particularly antisubmarine warfare and airborne earl& warning., Hay-

ward felt that failure to set "flight at any speed" as the st objective
had been the basic mistake in the ANP program. Instead, advanced weapon
systems were spelled out and then attempts made "to invent on schedule®

to meet the requirements. He stated that York's decision to concentrate
on the engine was basically sound and should have been madel long before,
but he expressed also disinterest ina supersonic capabilitfi for the first

test engines.u ‘
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General Keirn, who was soon to retire, appeared before the committee
to make a final plea for an immediate flight-test development program based on
& DAC engine using materials already developed and to propose construc-
tion of two Model 54 aircraft as CAMAL prototypes. While admitting that
only strategic air operations could justify the cost of the program, he
stated that other uses could well appear. His statement was sharply cur-
tailed and weakened by D/DR&E censoring on security grounds. Support of
Keirn's position from the other USAF witnesses--Assistant Secretary
(Materiel) Philip B. Taylor and Chief of Staff Gen. Thomas D. White—was
less than firm. Taylor recognized the importance of nuclear flight for
military purposes but emphasized that it "must take its proper place in
relation to other military projects of high priority.* He characterized
nuclear flight-testing as "a useful experiment which should be undertaken
as soon as a powerplant with characteristics within the militarily useful
flight spectrum is available.* He explained that in its previous appear- f
ance before the joint committee, the Air Force had felt that the GE direct |
air cycle reactor would soon justify going ahead with flight tests, but it
now seemed wiser to wait until better performance was demonstrated., An-
other examination of power plant progress would be made at the end of fis-
cal year 1960 and availability of funds for 1961 would alsc influence any
change in the decision. General White supported Taylor, carefully distin-
guishing between his personal enthusiasm for early nuclear flight and his
official position in which he had to heed scientific adv‘ice.l5
Gates and York again presented the OSD view that the first flight
propulsion unit had to have a growth capability for military utility, and

Gates specifically denied that the decision had hinged primarily on finan-
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cial considerations, As further reason for delay, York stated that it was
currently impossible to decide between the two reactors but ventured the

opinion that the IDC was "intrinsically more useful,"

Representatives of the two reactor-developing companies also had the
épportunity to state their views. D. Roy Shoults, general #anager of
General Electricts ANP depasrtment, denied the implication that the DAC
system lacked growth potential, Still supporting the progrﬁm for early
flight, which GE had presented to the JCAE on its 10 April visit, he as-
serted that the only major limiting factor to further DAC reactor develop~-
ment.was lack of ground- and flight-testing data, FPratt & Whitney's B.A.
Schmickrath reported that the IDC was in the advanced research and develop-
ment phase and promised that the flight version would be a prototype sys-
tem with the ultimate potential recommended by York.l6

Despite the overwhelming view ofrJCAE (only Senator Hickenlooper and
Representative Craig Hosmer seemed to support the York-Gates position)

that the Air Force-AEC early flight position was sound, the comnittee took

no official action to oppose the program outlined by the DAD,

On 14 August 1959, York described the ANP program objéctives in greater
detail. He informed the Air Force and Navy that the principal goal was
development of a power plant with a potential life of 1,00¢ hours capable
either singly or in combination of flying a Model 54-type airplare at a
speed of Mach .8 or .9 at an altitude of 35,000 feet. Wor‘ on the Model
- 54 would, however, be limited to design studies. York als% suggested that
Assistant Secretary of the Air Force (R&D) Joseph V. Chary& establish an
ad hoc advisory group to refine further the program guidan%e, particularly

on the matters of the Navy's turboprop proposaland the safety problem aris-

ing from ejection of fission products.
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The program was now reoriented along the described lines. GE success-
fully tested the experimental model of the XMA-1A DAC reactor in Heat Trans-
fer Reactor Experiment 3 without follow-up and then shifted DAC develop-
ment effort to the XMA-1C, incorporating higher-temperature fuel elements
with ceramic (beryllium oxide) coating, The Air Force also revised its
turbojet contract with General Electric, optimistically calling for a com-
bination of the GE X-211 turbojet engine with the advanced DAC reactor by
1961-62, No significant increase took place in the planned fiscal yéar
1960 program for the IDC, on which there had been little disagreement,
and the first development goal remained the construction of a 10-megawatt
experimental reactor. However, in December 1959, Yofk directed the Navy
to cancel its IDC contract with Pratt & Whitney in order to avoid possible
conflict with that company®s work on the advanced IDC reactor.18 |

AEC General Manager Luedecke found the guidance insufficiently spe-
cific, and on 1 September 1959 and again on 5 October asked for more def-
inite‘goals, but York delayed an answer pending receipt of a report from
the Charyk advisory group. This group made its report on 25 January 1960,
gererally approving the York guidance as sound. Apart from high-perform-
ance requirements, the group found the most critical development areas to
be fuel-element lifetime and shielding, It also expressed the opinion that
there was "little doubt, given adequate time and money, that technological
problems can be solved in both power plant developments to attain the ini-
tial performance criteria" and that "both reactor cycles have a potential
for improved performance with advancing technology." However, the IDC had

a definite superiority in potential performance and was sultable for a wide

variety of missions. This was a viewpoint that was to be heard increas-




ingly during the following year. The report recommended t
be pursued through ground-testing, both scheduled for 1962

More broadly, the group concluded that "early nuclear
manned experimental aircraft continues to be an important
but that it was not yet possible to spell out the details
weapon system, The unique characteristics of nuclear flig

prestige considerations both dictated a vigorous approach
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hat both cycles
19

flight in a
and valid goal®
of ab military
ht and national

to development.

Accordingly the group proposed that a $150 million:airframe program be

started in fiscal year 1962 to assure flight in early 1966

20

York was quite willing to accept the essentials of the report, which

generélly supported his own views, but not the recommendat

ions on sirframe

development, Replying on 27 Februﬁry 1960 to Luedecke!s letters of Sep-

tember and October, he reaffirmed his earlier guidance, E
eral concurrence with the conclusions of the Charyk report
after the reactor tests, possibly in late 1962, the AEC an

consider the technical and cost factors, Test aircraft. an

xpressing gen—
, he stated that
d DOD should re-

d supporting

bases could then be dealt with, He estimated available funding as $130.7

year 1961,

this, the Alr Force would provide $63.2 million in 1960 and $67 million in
| 21

million for fiscal year 1960 and $144.7 million for fiscal of

the following year, with the AEC providing the remainder,
At the conclusion of the months-long detailed analyses and evaluation,

the ANP program appeared stabilized for at least the next two years. But

this was not the case, The JCAE was still unwilling to let the program

rest at the level of effort determined by the DOD, The unique advantages

of nuclear propulsion alsoc offered an irresistible enticement to Air Force

planning and operational offéq;alg, and they sought during late 1959 and

Ll
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1960 to correct the inconsistencies that had caused a softening in high-

level support. On the other hand, 0SD, alarmed at the threatened increase
in allotment of development resources to the program, showed sbne disposi-
tion to question the worth of the entire effort. These and other factors

made 1960 another year of controversy.

[}
!
i
}
{
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III, THE ESTABLISHMENT OF NEW AIR FORCE REQUIREMENTS, 1959-60

The more convinced USAF proponents of nuclear propuls%on considered
York's decision of July 1959 a signal defeat, and they losl little time
in seeking a basis for reversing it., On 6 August 1959, Maj. Gen. Hewitt
T. Wheless, Director of Plans, proposed to the Director of Operational
Requirements and the Assistant DCS/Development for Nuclear| Systems that
the Air Force try to establish a specific military operatiénal requirement
for nuclear aircraft weapon systems and obtain JCS indorsement., Other-
wise, the program would continue to receive insufficient eﬁphasis.l

On 13 August, Technical Director Joe C. Jones of ANPO| expressed
similsr views to Brig. Gen. Irving L. Branch, General Keirn®s successor.
Jones believed that "the weak Aif Force stand on CAMAL," together with

the uncertain WSEG cost-effectiveness findings, had led to York's re-

quest for JCS views and to the subsequent failure of the JCS to state a
specific military requirement. A clear and definite‘militiry operational
requirement was needed as guidance for power plant developient. Jones con-
tended that in the past the Air Force had centered its interest on strategic
applications of traditional type, placing an excessive stfpin on propulsion
technology. If a sufersonic pover plant were the primary:;bjective, then
the GE X-211/XMA combination would be inadequate and the money for its de-

velopment should be applied elsewhere., Unless the Air Force supported the

CAMAL concept or other reasonable objectives for the initial power plant,
Jones forecast that the Navy with its low-performance Princess approach might

emerge with the first nuclear-powered aircraft. He suggested that DCS/Plans
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and Programs and DCS/Operations prepare a firm Air Force position and then
approach the JCS for its indorsement.2

Lt. Gen, Roscoe C, Wilson, DCS/Development, acted along these lines
a few days later, asking the two staff agencies to form a task group "to
evaluate the most appropriate areas of usefulness of manned nuclear air-
craft in the post-1970 period in order that current ANP efforts can be
appropriately reoriented." Stating that recent reviews by the DOD neces-
sitated a realignment of the ANP technical program more directly toward
"militarily useful" propulsion systems, he urged that "we . . . sufficient-
ly define military utility to allow the establishment of appropriate de-
velopment objectives and requirements." He explained that the proposed
technical program had become vulnerable when the Air Force failed to sup-
port CAMAL (the justification for the XMA propulsion system) as a military
requirement, Accordingly, Wilson recommended that the Air Force drop both
GOR 81 and GOR 172 unless it could fully support them.>

Air Force procedures for stating weapon system requirements were then
in process of revision, with the General Operational Requirement (GOR)
being replaced by two new types of requirement statements--the System De-~
velopment Requirement (SDR) and the Specific Operational Requirement (SOR).*
The SDR described in general terms a proposed weapon system designed to
fulfill an anticipated long-range operational need beyond current technol-
ogy or to exploit a significant technological advance having a potential

military application. The SOR described in more specific terms a weapon

Still other documents--the Operational Support Requirement, Subsys-
tem Development Requirement, Qualitative Operational Requirement, Research
Document, and Command Operations Document--described more limited and spe-
cialized requirements,

s i



system within the current state of the art and for which a
gram was considered desirable, (Ih his appearance before t
July, General Keirn had explained that GOR 172 /CAMAL/ woul
under the new system,) In addition, the revised procedural
ed two new "guidance" documents: the Required Operational C
an overall statement of general operational capabilities faq

time in the future (usually 10 years), and the Long Range R
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production pro-

he JCAE on 23

d be an SDR
system includ-

apability (ROC),

r some specified

esearch and De-

velopment Objectives (RDO), a broad description of technological objectives

offering potential for fulfillinganROC.%
After concurrence from Lt, Gen, Dean C, Strother, DCS/
Lt. Gen. John K, Gerhart, DCS/Plans and Programs, Maj. Gen,

way, Director of Operational Requirements, established the

ad hoc task group on 24 September 1959, He directed the gn

Operations, and
Bruce K., Hollo-
Wilson-proposed

oup, headed by

Col. George D, Hughes, to (1) investigate the present Air Force operational

requirement for ANP and make recommendations for an ROC anj SDR, (2) recom-

mend goals and the future course of the development progra

, (3) investi-

gate the advantages and disadvantages of early flight for ANP and recommend

an Air Force course of action, (4) compare chemical and nuc

lear propulsion

for extended range and endurance, and (5) investigate and make recommenda-

tions in other pertinent areas.5

At a meeting of the group on 29 September, Lt Col. William W, Elliott

of ANPO reviewed the current program and requested that a s
system goal not be stated at theis time, Explaining that t
was to reach the flight stage and then proceed toward a wes

pointed out that the CAMAL concept was probably three to fi

of a nuclear-powered B-70, Nevertheless, the ad hoc group,

pecific weapon
he current goal
pon system, he
ve years ahead

obviously under
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some pressure to align the manned ANP effort with the proposed B-70, in
a preliminary report requested Genefal Strother to have North American and
-Pratt & Whitney carry out =n immediate study on an ANP/B-70 merger, includ-
ing compilation of cost estimates to permit comparison with Model 54 esti-
mates.6

This integration had first been proposed in 1958, but the resulting
analysis, presented to the Weapons Board and the Air Force Council in Janu-
ary 1959, had concluded that "the B-70 had no effective application to the
current ANP program as a development test vehicle and that the current Gen-
eral Electric nuclear propulsion system technology would provide the B-70

with no effective operational capability.® The Air Force Counéil had then

s VR

recommended that ANP proceed with development of a subsonic weapon system
(CAMAL). Nevertheless, support for the ANP/B~70 combination continued
within the Air Staff and reemerged following York®s rejection of the CAMAL
proposal, Necessarily it was closely tied to the IDC, since only this cycle
" had the desired supersonic performance potential. Altpough General Strother
immediately took action to secure the study desired by the ad hoc group,
several delays followed, and its results did not become available until the
following May.7

By December 1959 the ad hoc group had prepared conclusions and recom-
mendations on which it sought Air Staff coordination, The most important
‘conclusions may be summarized as follows: (1) the IDC offered greater poten- \
tial advantage for a supersonic "long-endurance missile-carrying penetrator®;
(2) funds were insufficient "to optimize the development® of both propulsion

systems during the 1960-67 period; (3) since the Air Force required a high~-

supersonic capability, development of the DAC should be discontinued; (4)
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any reorientation should be held in abeyance pending the outcome of the
ANP/B~70 study; (5) assuming the results of the study were favorable, ANP
should be reoriented toward the earliest practicable flight test using the
B-70 airframe; and (6) in the event add-on funds for the B~70 weapon sys-
tem development were not forthcoming, the B-70 program should be reoriented
toward a nuclear-powered version, with entry into the inventory during a
later period (1967-70), The group formally recommended approval of a pro-
posed ROC and SDR and cancellation of GOR!s 81 and 172,and expedited develop-
ment of the IDC. The failure to include a recommendation to cancel the DAC
apparently stemmed from the view that the Air Force should withhold action
until the OSD forced a cancellation.8
The proposed ROC described a concept of operations based on a contin-
ued need, during 1968-75, to capitalize on the basic qualities inherent in i
manned systems, including abilities to search out and attqck targets of un~ ‘
known or inexact location, to exercise judgment in unforeJeen situations, }
to be recalled and recovered, and to collect intelligence. The desired system
would rely on either airborne mobility or quick reaction for survival, en-
able the commander in chief to keep his force in the air and inaccessible to
enemy attack while the decision to counterattack was made, and place air-to-
surface missiles and bombs in position for immediate strike after the deci-
sion, The proposed ROC pointed out that manned. strategic forces would be
limited in their flexibility until they had unlimited ran%e, endurance, and
a large load-carrying capability and that technical advancjes in nuclear

propulsion indicated a promise of meeting these requirements. The proposed

SDR, more specific in nature, called for the development of "a nuclear

powered strategic bomber, having an omnidirectional global range and long




* el
endurance, capable of delivering warheads to any earth target." The re-
quired bomber would have a speed of Mach 3 above 70,000 feet and .9 at
500 feet, endurance of five days, force readiness of one~third at all
times, payload of six air-to-surface missiles and one 10,000-pound bomb
in various combinations, and reliability of 90 percent in delivering pay-
loads on targets.9

The Nuclear Systems office regarded the proposed SDR with some re-
serve, General Branch pointing out that the requirement for supersonic
speed was not consistent with current DOD objectives and that the proposed
SDR was "to a large extent a restatement of the CAMAL requirement of GOR
172 with the addition of a supersonic requirement.® He believed it would
provide desirable guidance but would require full and active Air Force §
support to achieve concrete results., Despite such reservations, it was on
opposition from the Deputy Director of Plans that the findings of the ad
hoc group eventually foundered, Maj. Gen., Glen W, Martin asserted in
February 1960 that the Chief of Staffts policy statement of 20 January
on the B-70 had suggested a merger with ANP and thus superseded major por-
tions of the ad hoc group's report. To comply with the stated policy on
the B-70, he recommended that Operational Requirements secure final Air
Staff coordination on the proposed ROC and that it transmit the proposed
SDR to Development Planning for necessary action and final Air Staff coor-
dination., He also urged that action be taken to cancel the DAC effort, as
without potential to meet the requirements of the supersonic penetrator,
this to be carried out before 31 March in order to avoid commitment of
fiscal year 1961 funds.lO

Although the ad hoc group was quite willing to rewrite its recommen-

dations along the line suggested by Plans, the Nuclear Systems office on




7 March reversed itself on the cancellation of the DAC. It pointed out

that the DOD ANP advisory group (Charyk)*had recently rechmended, with
indications that York would approve, the continuation of #oth the DAC and
IDC until further test data accumulated, Nuclear Systems}added that can~
cellation of the DAC would encourage placing the whole pr&grem under the
AEC and that the funds released could not be applied to other parts of the
program,
Meanwhile, General Holloway had emphasized on 29 February 1960 that

the Weapons Board wanted all resources concentrated on prospective opera-

tional systems and accordingly insisted that "all efforts on a nuclear

powered aircraft should be directed toward a significant improvement to
the B~7C," Although Nuclear Systems indicated agreement with Plans on
going ahead with coordinating the‘ROC and SDR, which would lay the foun-
dation for the merger, the Air Staff concluded on 8 April that the ANP/B-
70 combination was impracticable.l2

Nevertheless, the concept of keeping ANP geared to the "higher and

faster® philosophy died hard, and General Strother, among others, wanted

to issue an ROC for a nuclear-propelled high-altitude supérsonic weapon

system of the B-70 type if only for internal consumption.% He also insisted
that an experimental ANP aircraft must have the capabilit1 for supersonic
flight, General Branch finally delivered the death blow to lingering
thoughts of the ANP/B-70 merger on 9 May, reporting that'}orth American's
interim report called for an essentially new aircraft, By 15 June, Gereral
Holloway accepted defeat on the B-70 proposal but expresséd the belief

that this also ended the chance of getting a militarily ugeful nuclear-

(See above, pp 26-27.)




propulsion weapon system during the required time period. Consequently,
he recommended canceling the ANP program and reorienting the effort to
space applications.13
No new requirement statement, either ROC or SDR, emerged from this
series of conflicting and sometimes confusing events, and the USAF ad hoc
ANP group had little to show for its efforts. The ROC was dropped com~
pletely, while the SDR passed to Development Planning, Although it was
obvious that GOR's 81 and 172 should be rescinded, there was still no
agreement on what should supplant them, General Branch presented a pro-
gram for ANP to the Strategic Air Panel on 3 July 1960 which differed
little from that recommended by ANPO a year earlier, This would lead to
subsonic flight in an NX-2 airframe in 1965. Ultimate missions included
air alert, missile launch, low-level penetration, logistic transport, re-
connaissance, and patrol. The program would aim at low technical risk,
wide applicability (both as to type of propulsion system and mission),
and relatively low cost.14
In contrast, Development Planning presented on 26 July what was es- \
sentially the proposed SDR prepared by the Air Staff ad hoc ANP group,
calling for a Mach 3 speed at 70,000 feet and Mach .9 at 1,000 feet,
There was no immediate agreement on what form the SDR should take, and
a mood of disillusionment took hold within the Air Staff as the realiza-
tion spread that nuclear propulsion could not compete for at least the
next decade with chemical propulsion on the traditional basis of higher /
and faster, In this situation the Nuclear Systems office continued to

stress the one unarguable advantage of nuclear propulsion--extended en-

durance without inflight refueling--which offered obvious advantages even




at subsonic speed for such missions as airborne alert, antisubmarine war-
fare, strategic missile carrief, and long-range air tran‘ ort.15

Meanvwhile, in May 1960,‘Generals Wilson and Branch had requested the
SAB to review the ANP program again, partly because of th% disagreements
within the Air Staff and partly because the program was aéain under fire
from outside the Air Force, The SAB report,‘in July, was‘rathef'narrow
in scope, dealing principally with the potentialities of the two cycles
and the feasibility of developing an experimental airfra ,*' Neverthe-
less, USAF proponents of a supersonic ANP wespon system i#mediately em~
ployed the conclusions to argue for a reduced, 1onger—ranée program.%

On 24 August 1960, Colonel Hughes, who had headed th% ad hoc task
group, recommended to the Weapons Board that the ANP program be deempha-
sized, After reviewing the SAB findings, he pointed out that the speed
and altitude requirements of strategic systems for the late 1960%'s and
early 1970%s, though not definitely determined, appeared Fo be beyond
ANP and that its operational value therefore appeared que%tionable. He
proposed that research and development be continued at a lower rate of
expenditure on a program involving less technical risk, even if it meant
a delay in nuclear flight., Concluding that it was too early io specify
a military application, he recoﬁmended-the following acti ns:“ (1) cancel
both obsolete GOR's, (2) cancel the DAC effort, (3) continue the IDC with

- an ultimate goal of high-supersonic speed on nuclear powe% alone, (4) pub-
Yr lish an SDR to provide development guidance in accord with SAB's Alterna-

tive III of the July 1960 report,fhnd (5) insure that all| public state-

———1——-—'
For summary, see below, Chap IV,

i&his was nuclear flight with a more advanced aircraft and an engine
having growth potential beyond g} ad in the York guidance,




ments and documents emphasize the national character and importance of
nuclear propulsion rather than its specific Air Force ap;;l.‘i.cai:.’tons.:l"7

At this juncture, with the outlook dark for Air Force advocates of
a continued strong and shorter-range development effort, the Strategic
Air Command®s chief, Gen, Thomas S. Power, came forward with strong sup-
port for the concept of operations urged by General Branch. In a letter
to General White, Power described ANP as “the only propulsion system cap-
able of providing an atmospherib force which can not only operate from
air alert posture prior to hostilities but also remain in 'airborne reservet
for days or weeks thereafter, completely independent of surface facilities,"
and suitable for a variety of missions, including initial air-launched
ballistic missile strikes, armed reconnaissance, and airborne command and.
control., He added that actual test flight and maintenance were of course
essential to provide data on cost effectiveness in order to compare ANP
with other proposed systems,lB

The requirement decision, which came on 21 September, was essentially
a compromise. At that time General White informed Secretary Douglas that
the ultimate objective should be "the development of nuclear power plants
capable of powering very large payload aircraft, with essentially unlim-
ited endurance, at supersonic speeds." Although it was too early to spell
out precise weapon systems, their obvious potential justified flight-test-
ing to provide military and cost-effectiveness estimates., He also predicted “¥
that "a well planned research and development program leading eventually to ‘?
manned supersonic flight, under nuclear power only, will provide the tech-
nology required to produce nuclear powered subsonic systems of potential

military use , . . ."19
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The Chief of Staff!s statement cleared the way for unwinding the re-

quirements tangle, On 9 November 1960, the Air Staff issued Advanced De-
*
velopment Objective (ADO) 20 in place of GOR's 81 (WS-1254) and 172 (CAMAL).
: !
The document stated:
The objective of this program is to develop a manned nuclear—-powered
test aircraft with essentially unlimited endurance, }ndependent of
inflight refueling, which will have the potential of adding a new
dimension to the spectrum of manned flight, This aircraft will be
used to explore the feasibility and suitability of nuclear power for
manned aircraft by studying (a) the performance and handling char-
acteristics of nuclear aircraft, (b) the problems of| carrying per-
sonnel and equipment for long flight durations, and (c) the problems
of operations and maintenance,
The initial test aircraft would only have subsonic perfor@ance; however,
supersonic flight was the ultimate objective, The goal for the first
flight was 1965, with performance characteristics corresppnding to York!s
guldance of July-August 1959;* The propulsion cycle was t% be selected in
1962, with ground test to follow in 1964.%° |
The issuance of the ADQ, although bringing the Air Fbrce shorter-
range development objectives into harmony with those of the 08D, marked
a definite retreat from any thought of intermediate-term operational ca-
pability. In effect, the Air Staff acknowledged that a specific opera-
|
tional requirement based on foreseeable nuclear-propulsion technology was
impracticable and that its past efforts in that direction had been mis-
takes. Operational capability of any type receded to some uncertain time

in the future, There was a large measure of realism in the new position,

but its late appearance was bound to expose the program to new attacks.

This was the new terminology for the System Development Requirement,

+§ee above, pp 20,25.)

¥
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This was especially true since the Air Staff itself still seemed unable

to decide between supersonic and subsonic ANP,




IV, RECONSIDERATION AND TERMINATION, 1960-61

While the Air Staff hndertook its extensive reexamination of require-
ments for ANP, a reconsideration of the entire program waE occurring at
the JCAE-DOD-AEC level. This began in January 1960 and continued through-
out the spring with hearings before numerous subcommittees of the House
and Senate committees on appropriations and of the Joint Committee on
Atomic Energy. These hearings were in great part the result of opposition
by economy-minded Congressmen to the huge program obligations of the past,
amounting to about $980 million through fiscal year 1960, and the large
estimated cost of $850 million yet to be borne before the first nuclear
flight., There was also dissatisfaction over the lack of concrete results
and the long-term nature of the ANP program, which contragted sharply with

-1
the Navyts successful nuclear submarine program.

Budget Considerations for 1961 and 1962
Proposed funding for fiscal year 1961 totaled $152,7 million, with

the Air Force providing $75 million and AEC $77.7 million. After testimony
‘by General White and Assistant Secretary Charyk in January 1960 the DOD
Subcommittee of the House Committee on Appropriations approved the Air
Force budget request for $75 million. In April, howevef, the Subcommittee
on Public Works Appropriations balked on AEC's nuclear propﬁlsion request,
now reduced to $73 million, and suggested that the $75 million previously
approved for the Air Force be divided between the Air Force and the AEC,
Subcommittee Chairmanv01arence Cannon then established a special subcommit-

tee under George H. Mahon for the purpose of forcing ANP program supporters




;

to rejustify the request on the basis of military necessity.2
On 5 May 1960, Representative Price supported AEC!s budget request
for ANP with a strong speech in the House, stating:

Never have I seen a development program more fraught with outside
interference, red tape, and vacillating support . . . . It is truly
phenomenal that in spite of the difficulties injected by such out-
side interference steady technical progress has been made in this
program by the working scientists and engineers in this field, It
is truly gratifying that in spite of these difficulties we have pro-
gressed to the point where we can finally apply the technical know-
ledge we have obtained to a flyable aircraft engine,

He forecast enormous technical advantages and scientific prestige for the
nation first making a nuclear flight and argued that actual nuclear flight
rather than military usefulness must therefore be the immediate goal, He
urged employment of the direct air cycle as the most practical means for
gaining this objective, Representative Chet Holifield, who stressed the
potential importance of nuclear propulsion in space travel; strongly sec-
onded Pricets speech.3
Shortly after, the House Committee on Appropriations, reversing its
subcommittee, approved AECt's $73 million request but placed a spending
limitation of $58 million, Although recommending approval of the $75
million for the Air Force phase of the program, the committee was also
rather critical:
This program is a classic example of the obstacles found in ate
tempts to "invent on schedule" or to attempt to push development
at a faster rate than the state of the art will permit, This pro-
gram has been going on for better than ten years and has cost the
taxpayers of the country approximately $1 billion. Each year the
Committee has inquired into the status of the program and has been
assured that progress has been made and that development of a nu~-
clear-powered aircraft is technically feasible, and successful com-
pletion of the program will require more time, Accomplishments to

date indicate that the achievements each year have been small for
the amount of money spent,




Noting that some committee members believed the program c
more expeditiously and that several witnesses had questio

the light of the high cost, the committee insisted that t.
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ould be pursued

ned its worth in

e DOD again re-

view the program to determire whether modification or even termination was

indicated and suggested that the JCAE conduct & similar r
same time, the committee voiced the view that development
clear propulsion would be a significant achievement and s
abandoned to another nation.4

Acting on the House bill, the Senate Committee on Ap

view, At the
of aircraft nu-

hould not be

ropriations ap-

proved the $75 million for the Air Force and reestablished the full amount

authorized for the AEC at $73 million, This was sustaine‘ in the House-

Senate committee conference.5

The numerous reservations stated by the House commit

tee had made it

clear that the ANP program was again under heavy pressure‘ and already at

the beginning of fiscal year 1961, several reviews were
SAB had begun a review in mid-June intended to satisfy th

request for a DOD reexamination., AEC Chairman McCone had

during Senate hearings that the AEC would conduct a review.

Special Subcommittee of the House Committee on Appropriat

ducting an investigation, to be completed in January 1961

der way. The
’committee‘s
also promised
The Mahon

ions was con-

A further ele-

ment of uncertainty would appear with the election of a new national ad-

: 6
ministration in November 1960,

The SAB's ad hoc committee, under the chairmanship o

Plesset, met on 13 June 1960 and reported about one month

sidering three possible courses of action: (1) nuclear fl

est possible date, regardless of military value, and poss

f Dr, Ernst H.
later after con~
ight at the earli-

ibly with chemical
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assist; (2) nuclear flight meeting OSD's guidance of the preceding year;
(3) nuclear flight with a more advanced aircraft and an engine having
growth potential beyond that specified in OSD's guidance, If the first
course of action were adopted, the committee recommended use of the direct
.air cycle in an existing airframe such as the B~-52H, This could lead to
flight in 1965-66 at a cost of about $1 billion, The value would lie in
the demonstration of the practicability of nuclear flight and accumulation
of handling experience, but the system would have limited growth possibili-
ties and might represent a dead end. For the other two courses of action,
the committee recommended the liquid-metal IDC and concluded that nuclear
flight could be achieved by 1966-67 if design of a suitable airframe were
begun at once, The resulting propulsion system would have a significant
growth potential, Attainment of the OSD-stated objectives with the direct
air cycle appeared doubtful, since the inevitable contingencies and de-
gradations would consume the small performance margin. The third course
of action offered definite advantages over the second, since there would
be less technical risk and a lower annual rate of expenditure. Moreover,
both the design of the airframe and of the final propulsion system could
be deferred, with the result that the performance of the prototype combi-
nation would significantly better the 0SD objectives.7

The report thus weakened the ground under the current program and in
effect proposed a shift to a longer-term, more advanced program. At the
same time it gave strong support to selection of the indirect cycle as
more certain for achieving the stated objectives and future growth, Either

supersonic flight or flexible subsonic applications were seen as possibil-

ities. The committee recommended work on both the single-loop and double-
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loop heat-transfer IDC systems, with the latter as the interim and the
former as the ultimate system. It proposed also increased research and
development on advanced materials, which it found insufficiently emphasized.
It suggested that the direct air cycle had its future in the Pluto program

rather than in manned aircraft.8

The Air Staff disagreed with some of the major conclusions. For meet-
ing the OSD guidance objectives, it found the conclusions l}essimistic to~
ward the direct air cycle and optimistic toward the indire ‘t cycle, While
agreeing that the indirect cycle had a greater performance potential, the
Air Staff found it to carry a higher technical risk and ix{eji.terated “the
necessity for attaining greater certainty by continuing boﬁh cycles.9

On the other hand, the first response from Defense Resear‘ch and Engi-
neering was highly favorable to the report. John E, Jacks«jm and Thomas C.
Muse* of that office indiceted theif willingness to go alli out for the
indirect cycle. In a draft letter to the Secretary of Def hse, prepared
for Dr, York, they proposed reducing the direct air cycle to an AEC re-
search program on ceramic reactor elements and proceeding *jwith accqlerated
development of the indirect cycle to permit nuclear-powereﬁji flight in
1966-67. They pointed out that the termination of General%Electric's DAC
work would cover the cost of design for the recomgé_nded Phiasé I aircraft
during the last half of fiscal year 1961 and all of the next year., Ob-
serving that progress of the ICBM had diminished the importance of the
manned bomber, they contendéd that the degree of "urgency" for ANP set
forth by the JCS was not sufficient to justify development of two separate

nuclear propulsion systems or even a backup for the more promising.m

Jackson was Director of Atomic, Biological, & Chemical Warfare.
Muse was Director of Aeronautics. . :
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Jackson and Muse went even further than the SAB ad hoc committee in
supporting the indirect cycle, emphasizing its greater compactress, small-
er shield, more positive reactor control, and greater power potential;
They pointed out that during the last year General Electric had changed
the DAC reactor to & "straight-through" design with added weight and other
complicatibns and that another switch to the "folded flow" or other rad-
ical design would be necessary for high performance., Even so, supersonic
flight appeared unlikely with the direct air cycle, for the limiting tem-
perature of the ceramic fuel elements had proved much lower than the pre-
dicted 3,000 degrees.ll

Although the Jackson-Muse views were sent to Assistant Secretary of
the Air Force (R&D) Courtland D. Perkins for coordinatioﬁ, they were with-
drawn and never used, & note stating that OSD had decided on "another ap-
proach.” Notwithstanding, it was clear that DAC was in serious trouble,
if not doomed, although Representative Price of the JCAE, in answer tbla
GE complaint on the report, came to its defense in November, The Air Force
also continued to cling to its stand for an additional period of experi-
mentation and engineering effort before deciding between the two cycles
"with an acceptable degree of technical confidence."12

Describing the somewhat confused situation, William Weitzen, Perkins!
Deputy for Development, reported that the OSD was "eager to force a deci-
sion on one of the two cycles," the SAB report did "not precisely take a
position," ANPO recommended no cycle selection, and the General Advisory
Council to the AEC wanted to drop the Pratt & Whitney indirect cycle,

Adding to the confusion, the Air Staff had apparently indicated a super-

sonic requirement only, but Dr, Charyk did not agree, and Col. Ola Thorne
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of the Nuclear Systems office was then preparing a new Air

Weitzen explained:
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Staff position,

This position obviously puts us in an untenable spot as far as the

support of the direct cycle is concerned. Jackson
that he is preparing a DOD staff position which will

inaicates to me

recommend ter-

mination of the direct cycle, but he is concerned about the Air Force
attitude toward such a paper. Apparently DOD has promised Mahon word

on 1 October on a DOD position.

On this basis, Weitzen stated that he would meet with Char;

13
"to firm up a position " for OSD.

Meanwhile, the Bureau of the Budget (BOB), with DOD's
currence," had impounded approximately $50 million of the
funds. As of 1/ September, only $22 million of the $72 mi
ated had been released, and Maj. Gen. Victor R. Haugen, As
velopment appealed to Perkins for aid in getting $20 milli

Pratt & Whitney, whose contract expired the following day.

that John E, Jackson and Paul J, Kopp of the 0SD had refus

a choice of cycles. The financial situation remained crit
the winter, with only incremental funding being allowed.
the Secretary of Defense prohibited expansion of facilitie
tric or Pratt & Whitney until program objectives were resg
dition the AEC had withheld funding of General Electric's
test.l4

By the end of the first half of fiscal year 1961 the

yk and attempt

figeneral con-
fiscal year 1961
1lion appropri=-
sistant DCS/De-
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ed to act pending
ical throughout

In December 1960

s by General Elec-
lved. In ad-

advanced core

BOB had imposed

a ceiling of $42,3 million for the Air Force as against the $72 million

appropriated and had placed AEC's $73 million under contro

The $75 million appropriated by Congress had been 1
million by R2 Application, Serial 2, approved 9 September

lled release.
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1960,




Even more indicative of the uncertain program status was the handling of
the budget for fiscal year 1962, the last to be submitted by the outgoing
‘administration, At the direction of the OSD, the Air Force presented
three budget programs, at levels of $75 million, $54.5 million, and $35
million. The first covered continuance of the currently approved program,
with selection of the cycle to follow advanced core testing; the second
assumed selection of one cycle, with the other continuing in research, and
a start on airframe design; the third also assumed selection of one cycle,
but with design of the airframe postponed and research on the cycle at a
still lower level. The Bureau of the Budget immediately selected the
third and lowest budget of $35 million and also reduced AEC!s request from
$92.6 million to $42.9 million, USAF Project Recovery sought to substi-
tute the second-level budget of $54.5 million, but even if successful, this
would still have meant immediate selection of one cycle, the principal
différence was that work on the airframe could get under way. The $35
million proposal remained in the budget, however, as the incoming Kennedy

administration took over.l5

Lagt-Minute Efforts for Continuance
At this critical juncture, the Air Force was still quite reluctant
to make a cycle selection, and the AEC avoided any definite stand, On
4 January 1961, Assistant Secretary Perkins restated to Representative
Price the official Air Force positionsi®

Insofar as concerns the board [géientific Advisory Boar§7 recom-
mendations on the selection at this time of one of the two cycles
for development, it is the position of the Air Force that an ad-
ditional period of experimentation and engineering effort will yet
be required before such a decision can be made with an acceptable
degree of technical confidence, The Air Force hopes that budgetary
problems will not force an early and therefore risky cycle selection.
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General Branch explained the Air Forcet!s reluctance in a technical

status briefing to incoming Air Force Secretary Eugene M, Zuckert. Both
cycles had made excellent progress during the preceding yea:;. For the
direct air cycle General Electric had dropped the XMA designil and vas de-
veloping the greatly altered P-14(E power plant, consisting of a small
beryllium oxide reactor located directly behind the compressor of an X-211
jet engine, with the shaft passing through the reactor. The reactor would
produce 135 megawatts, and three P-14CE power plants would produce 73,000
pounds of thrust, enough to fly the NX-2, Convairts latest proposed air-
craft, with a 50,000-pound payload at Mach .8 or .9 at an altitude of
35,000 feet., Pratt & Whitney was developing the NJ-18A indirect cycle
pover plant, consisting of two 200-megawatt liquid-metal-cooled reactors

coupled through a double-loop heat-exchanger system to four modified J-58
engines.” Generating 60,400 pounds of thrust, the power plant would fly

~ the NX-2 to currently stated objectives. Convair?s NX-2 design, a modifi-
cation of the previous Model 54, was adaptable as a test bec} for either
cycle, It was planned as a subsonic aircraft of about 500,000 pounds
gross weight, 164-foot wingspan, 160-foot length, 5l=foot tail height, and
50,000~ to 100,000-pound payload. As pointed out esrlier in this paper,
the program called for DAC advanced core test and IDC low-power (10-nmega-
watt) reacfor tests in late 1962 or early 1963, with only one cycle con-
tinuing thereafter, Contractors reported pfopulsion develci nt on sched-
ule except for AEC test facilities at Arco, Idaho, but airframe construc-
tion would have to begin by October 1961 to meet thé 1965 first-flight

date 017 ) |

w
The previously mentioned 1l0-megawatt test reactor would be the

pilot model for this, (See above, p 26. )
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The new Secretary of Defense, Robert S, McNamara, and his deputy,
Roswell L. Gilpatric, were also quickly approached by proponents of nu-
clear propulsion from within and outside the Govermment, particularly ad-
vocates of the direct air cycle, most seriously menaced by the low budget
request and the proposed program revision. Representative Price on 1 Feb-
ruary wrote to Secretary McNamara to explain the importance of ANP and \
protest the contemplgted program changes as announced in the outgoing ad-
ministration's 9 January 1961 budget message. Asserting that "basic elef
ments of mismanagement" had severely handicapped the program, he mentioned
"many changes in objectives, the lack of a firm set of nuclear engine re-
quirements, the lack of clear-cut lines of responsibility for the work;
ups and downs in program guidance and financial support." He stated that
five days after receiving the Air Force's 4 January statement on the two-
cycle approaéh, the outgoing administration had announced that development
would continue on oﬁly one cycle, although failing to identify it. Price
cited this as another example of interference by the Director of Defense
Research and.Enginegring in AEC's area of development responsibility and
in the Air Force's responsibility for specifying required performance char-
acteristics, Meanwhile, the AEC informed McNamara that neither cycle pre-
sented insurmountable problems and both could meet the OSD guidance, The
AEC indicated that the direct air cycle was more advantageous from the
standpoint of early flight and the indirect cycle from the standpoint of
greater performance potential.18 '
Individuals in private business, particularly from General Electric,

also undertook to provide helpful orientation. Cramer W, LaPierre of Gen-

eral Electric wrote to Deputy Secretary Gilpatric personally, explaining
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that the frequent program shifts had prevented GE from making good on its
1951 estimate of building a nuclear power plant within five years. Never-
theless, basic technology had advanced surprisingly well, and it was now
possible to build, test, and fly within three years a DAC |nuclear turbojet

far superior to that considered possible in 1951. Pointing to the differ-

ences of scientific opinion over the two cycles as the ba?ic cause of the
frequent shifts, LaPierre assured Gilpatrick that the ¢ ient DAC program
was the more feasible of the two.19

General Electric also took the offensive into the Air Force, giving
Under Secretary Charyk a presentation on recent DAC progress and plans.
The company claimed that the principal problem in the newicompact, ishaft{-
through" DAC reactor (P-14CE) was radiation rather than h%at, but a mini-
mum operating life of 1,000 hours éould be obtained easil*. Charyk ex—-
pressed disinterest in supersonic speed and high altitude as immediate
objectives but desired increased reactor life, smaller reactors, and long-
endurance aircraft employing turboprop and turbofan as well as furbojet
engines, He felt that the potential payoff to the Air Foﬁce was in large
subsonic aircraft with essentially unlimited endurance anﬁ greater pay-
loads.%® | ;

The first definite reaction of the new Secretary of Defense and his
advisers appeared in a 28 February 1961 proposal to the AEC. Gilpatric
suggested that the AEC take over complete respoﬁsibility for power plant
development, that it select one cycle immediately, and thét the Air Force
transfer most of its fiscal year 1962 funds ($25 million), The Air Force

would retain only $10 million to work on radiation problems and aircraft

designs., Gilpatric also modified the DOD performance guidance, last stated
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by York on 27 February 1960, drawing a distinction between short-term
characteristics (for the experimental model) and long~term characteristics
(for a militarily useful aircraft), He set the following short-term per-
formance characteristics: a speed of Mach .8, altitude of 35,000 feet,
and reactor life of 100 hours. Long-term characteristics included a
reactor life of 1,000 hours, reliability comparable to current aircraft
engines, fission-product releases sufficiently low to permit operations
from military airfields in peacetime without creating a public hazard
(as defined by the AEC), and unitary reactor shielding. Supersonic flight
was desirable, but not required, Gilpatric believed the indirect cycle
to’be the more promising of the cycles but ostensibly left the choice to
the AEC, Actually the shielding requirement would have virtually compelled
selection of the indirect cycle.21

The AEC reacted to the proposal cautiously. Chairman Glenn T, Sea-
borg stated that the Commission had considered the proposal and found it
to have merit; however, its implications should be fully recognized by
the President and the Bureau of the Budget. Any decision on cycle selec-
tion should also include adequate funding for early flight, and this would
involve $700 to $800 million in addition to what had already been obli-
gated. Emphasizing that operational aircraft could not be available be-
fore 1970, Seaborg‘declined to accept responsibility for the proposed

program without assurances that the President approved.22

| The OSD proposal aroused immediate oﬁposition from among JCAE direct
air cycle proponents. Representative Price protested to Gilpatric, ques-

tioning the soundness of the proposed nuclear engine specifications and

claiming that AEC and OSD witnesses before his subcommittee did not know

' v-
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who had developed the criteria or on what basis, Emphasizing that the
AEC had not participated in formulating the criteria and had not approved

them, Price wondered whether the purpose was to rig a decision in favor

of the "cycle preferred by the DOD.* He cited the "disorganized criteria

preparations® as typical of the poor management in the ANIT‘.program.23

Appearing before the JCAE on 15 March, Gilpatric tesiified that after
considering the reasons behind the low budgetary request of the outgoing
administration, he and Secretary McNamara had concurred. Howeier, within
the next few weeks, the President would affirm the decisi$n, expand the
program, or reduce it, The committee!s questioning of AEé Commissioner
Robert E., Wilson on the same day produced an equally unpa%atable answer

on the DOD criteria for reactor selection. Conceding thaﬁ the requirement

for unitary shielding would in effect rule out the direct air cycle, Wilson

nevertheless believed it proper that thé DOD establish su‘h criteria.24
Mbanwhile, the Air Force had begun to give ground onjits position
that cycle selection at this time was premature. The firgt sign of soften-
ing came on 22 December 1960 when Perkins indicated to York that if it were
not possible to carry on through 1961, when a solid tech ‘cal decision could
be made, the proper course of action would be to select one cycle and reduce
the other to the research level. Although the DAC had shown considerable
progress since being redirected toward the ceramic reacto%, revealing some
growth capability, and the DAC advocates had generated in%reased political
pressure, he favored the IDC on the ground that the DAC c@uld solve no
mission requirements better than chemical engines while t#e IDC had much
greater potential, particularly if the single loop provederacticable.25

As previously noted, Perkins on 4 January 1961 had again restated
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USAF support for the two-cycle approach, but on 2 February the Office of
the Assistant DCS/Development for Nuclear Systems expressed the wide-
spread Air Staff belief that immediate selection, despite the technical
risk, was essential to stay within either financial plan having a chance
of acceptance.26 At the request of Secretary Zuckert, the Air Staff drafted
a new Air Force position for use in answering congressional inquiries and
for possible forwarding to the Secretary of Defense. It stated in part:27

The Air Force believes we have now reached the point in the develop-
ment of nuclear propulsion for aircraft where it may no longer be
advisable to continue funding the development of the two separate
cycle systems to achieve the same end result. It now appears appro-
priate to take a certain calculated risk in the program and select
the one cycle which shows the greater promise of meeting the present
and future military interests. The Air Force interests lie in the
areas of improved power density, lighter shielding, and longer fuel
element life which will lead to higher payload-to-gross-weight ratio
and to the ultimate achievement of unit shielding and improved air-
craft performance, including supersonic flight., It is our understand-
ing that the Liquid Metal Indirect Cycle shows the greater promise of
achieving these advanced performance objectives in the most reason-
able future, This cycle can be readily adapted to a variety of mili-
tary power applications such as turbojet, turboprop, and turbofan
propulsion systems and promises greater facility in the conversion
of its excess reactor heat to auxiliary power.

The Air Force, therefore, believes that continuing to pursue the
goals established in 1959, by concentrating on the Liquid Metal
Indirect Cycle system, is probably the best approach that we can
follow with the funds which may be available, The Air Force also
believes that we should provide sufficient funds in FY 62 for initia-
tion of airframe and other supporting activities required to permit
nuclear flight on a reasonable technical and funding time scale.

This is in accordance with the desires expressed by the Joint Chiefs
of Staff for nuclear flight as soon as technically feasible. It is
estimated now that such flight, of military interest, can be attained
in the mid-1960ts,

General Electric, doubtless aware that events had turned strongly
against it, played its last card on 14 March 1961, proposing to use a

B-52 airframe with a replica of the advanced core test systemrto begin

This would have been essentially a less sophisticated version of

;geMz;lég?)design. (Telcon, aﬁthor, plzBruce D, Witwer, Asst/NE,
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nuclear flight test by late 1963. This would be in addition to the current

NX-2 plan. Apparently notified in advance, Representative Price on 9 March

had requested a copy of the proposal, and a General Electr%c representative
appeared before the JCAE on 15 March 1961 to testify on it% The proposal
involved $236,7 million but also assumed expenditure of an equivalent

amount on other research and development and component ovement, On

the basis of the limited facts submitted, the Nuclear Systems office thought
that the costs were considerably underestimated and gave the proposal a
cool reception, terming it a dead-end program technically. At any rate,

it was much too late to halt the sequence of events now under way.28

Decision and Rejoinder

Shortly after assuming office, McNamara had directed the preparation

of approximately one hundred staff studies on major DOD problem areas,‘
among them the aircraft nuclear propulsion program. The DVDR&E, still
headed by York pending appointment of his successor, issueh the ANP study
with a date of 20 March 1961, This ANP "white paper" was Eenerally be~
lieved within the Air Staff to be the work of John E. Jackson.*29

The white paper consisted of five sections dealing with the problem,
its history and current status, principal alternative courses of action,
pros and cons of each, and major points needing decisions. The first two
sections reviewed in an objective tone the history of the program and the
principal technical factors relating to the two cycles under development
and the proposed experimental aircraft, The study conceded that some type

of flight would already have been possible if military usefulness had'been

(See above, pp 45-46,)
, o
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disregarded., The third section proposed three alternative actions: cancel
the program, drop one cycle and continue the other through flight test
(beginning about 1967) at a cost of about $750 million, or continue re-
search on both cycles at a low level with minimum hardware fabrication at
an annual cost of about $30 million., The pro-and-con section conceded
that nuclear aircraft had possible military uses as long-range transports,
as missile platforms in a continuously airborne strategic force, and as
low-level strategic bombers, Against these possibilities were ranged the
high cost of the research and development program, the high cost of pro-
ducing weapon systems, and the possibility that cheaper systems would do
these jobs as well. The last section pointed out that a decision had to
be made immediately on the future of the program. If it were not dropped
entirely or reduced to research status, a second decision would be necessary
within a year on whether to proceed with development of the test plane and
construction of flight facilities at an additional cost of several hundred
million dollars. A decision on producing weapon systems would have to
await flight tests and, if favorable, would cost many billions. Although
the paper made no specific recommendations, it was not optimistic in tore,
particularly on the technical and financial factors.30

The Air Force received the D/DR&E white paper, along with 21 similar
studies, on 22 March 1961, with a request for comments within four days.
General Branch and his staff immediately recognized the significance of
the paper but judged it unsound., They first attempted to correct inac-

curacies and include important omissions by "line-out and write-in," but

this proved so complicated that Branch decided to submit a new substitute

R




paper., He presented this to the Air Force Council early on
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2/ March, and

after General LeMay had approved, the paper went to Under Secretary Charyk.

Although Branch had prepared a cover letter from Zuckert to

McNamara, Charyk

gent the letter and its two attachments to the OSD later that day as an

unsigned fejoirider to the white paper.31
Restating its belief in the important role of nuclear

future aircraft weapon systems, the Air Force stated: "The

propulsion for

White Paper

on the Aircraft Nuclear Propulsion Program contains many inaccuracies of

fact and philosophy. The conclusions are not clear; they d¢ not appear

to be in accord with basic Air Force interests." It proposLd substitution

of its own study, Aircraft Nuclear Propulsion: Objectives ai

nd Facts Bear~

ing on the Problem, as more representative of the philosophy behind "this

most vexing problem.," The second attachment, a detailed tec

chnical analy-

sis of the current ANP status, was an ANPO evaluation prepared on 24 Feb-

32

ruary 1961 mainly for AEC use.

The Air Force paper gave a much more favorable but sti

temperate

appraisal of the direct air and indirect cycles and their potential worth

for an operational aircraft. Contending that DOD performanbe objectives,

including a 50,000-pound payload and operation from existing B-52 bases,

could be met by either propulsion approach, the Air Force stated:

mid-1959, the objectives and method of attainment have been
and have held firm, This has resulted in significant techn
to the extent that present technologies, when assembled, wil
ploration of the military potential and application of nucle
(1

airplanes." The paper contained four possible choices:

both cycles through ground test in 1963 and then select one

¥Since

clearly defined

ical progress
11 enable ex-
par powered

) continue

to be carried




to flight test in 1965 at a cost of $900 million; (2) cancel one cycle

and continue the other through flight test in 1965 at a cost of $700
million; (3) continue both on a research and develdpment basis for the

next two to three years, with flight~testing deferred, at a cost of $140
million; (4) cancel the ANP manned program, The Air Force recommended

the first approach unless economic considerations dictated the second,

in which case the concentration should be on the indirect cycle., It

flatly opposed the last two possibilities, The Air Force did not argue

for any specific military application but contended that cancellation would
involve (1) "willingness to forego what appears to be an important military
potential, as yet uninvestigated and untapped, at a point in the develop-
ment of the technology when assessment is possible"; (2) "cessation of a

program which is apparently being seriously pursued by the Soviets"; and

(3) "serious economic impact in the Cincinnati, Idaho, and Hartford areas."33

Action at the OSD and Presidential level followed hard on the heels
of the Air Force rejoinder. Secretary McNamara soon made his recommenda-
tions,*which presumably received the concurrence of the Presidentt!s sci-
entific adviser, Jerome D, Weisner, On 28 March 1961, President John F,
Kennedy announced in his budget message to Congress that he had reduced
the aircraft nuclear propulsion program to research in high-performance
reactors and materials, to be conducted under the AEC, with a budget of
$25 million for fiscal year 1962, He terminated all work leading to a
manned aircraft, including airframe design, shielding studies, and turbo-
jet adaptation, and eliminated all USAF funding in this field, Three

of fshoots of the program—Projects Pluto (nuclear ramjet for pilotless

—
What part Dr, York or the incoming D/DR&E vwho assumed office on
3 May 1961, played in the decisig :
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aircraft), Rover (nuclear-assisted rocket), and SNAP (systems for nuclear

auxiliary power)*continued with little change.34

‘Apparently unwilling to rest on the unsuccessful USAF rejoinder,
General Branch three weeks later transmitted to Secretary Zuckert a de-
tailed critique on the OSD white paper and a summary of his own views.
With no possibility of reversing the decision in the immediate future,
this statement served as a temporary requiem, vGeneral Branch asserted
in part:35

In my opinion, the serious omissions and many inaccuracies of tech-
nical fact and philosophy in the DDR&E White Paper develop a biased
case for cancellation of the ANP Program, The paper purports to be
comprehensive and objective; however, it presents only selected in-
formation and subjective judgments to lead to the conclusion that

the program should be cancelled. For the most part, technical truths,
quantitative analysis, and experimental results will not warrant the
subjective judgments of the White Paper; enlightened engineering eval-
uation would disagree with most of its significant judgments.

The ANP Program is able actually to satisfy the criteria for new
strategic weapons which the Secretary of Defense anngunced after the
ANP Program had been cancelled, It seems obvious that the Secretary
was not advised of these ANP capabilities., Instead, the White Paper
dwells on the theme that the JCS had not documented & requirement for
a specific, full-scale weapon system (although they had endorsed the
need for the ANP Program's strategic potentialities),

|

|

General Branch emphasized the tremendous value that greatly extended

range and endurance could have to Air Force operations and suggested ways

—————

‘Pluto was a joint AEC-Air Force effort established in 1956, The
AEC concentrated on the reactor and the Air Force assisted with the de-
velopment of nonnuclear components., Rover was undertaken even earlier
by the AEC on much the same basis, but the OSD transferred the Air Force
responsibility to NASA in late 1958. Both the Air Force and NASA main-
tained a development interest in SNAP, which the AEC had undertaken in
1955, 1In early 1961, progress was particularly noteworthy in Pluto, pre-
sumed power source for the proposed SLAM weapon system., Testing of the
Tory IIA reactor, the first development milestone, was scheduled for May
1961, (Address by B/Gen Irving L. Branch to Aircraft Luncheon Club of
Washington, 14 Mar 61; Memo for Record by R. D. B., 8 Apr 61, w/atch
questions and answers for Gen, White, both in Asst/NE fil 8.3
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in which they could be put to use: airborne survival of striking forces,
airborne early warning, extended restrike capability, reconnaissance, low-
altitude penetration capability, flexibility in strategic employment, and
independence of logistic support from oversea bases. Charging that the
white paper had ignored completely the value of ANP in these Air Force
missions, General Branch stated that this was the salient point making it
unacceptable., He also objected to its repeated claim that the program's
initial performance goals had no military value, since this was character-
istic of most radically new developments.36

General Branch listed some 18 specific technical inconsistencies,
inaécuracies, and omissions in the white paper:37

1. It implied that the Air Force objective in early flight was pres-
tige rather than military purposes.

2, It did not completely summarize JCS views, since it omitted those
on flight test.

3. It was ambiguous on the question of early flight, which it did
not define,

4. It implied that a reactor with an operating life of 1,000 hours
was beyond the current state of the art.

5. It discussed Quarles! unfavorable views on the mere achievement
of nuclear flight without immediate military value but failed to mention
his shift of viewpoint,

6. It incorrectly implied that the AEC had agreed to Gilpatric?s
proposal of 28 February 1961 that the AEC select one cycle at once,

7. Its criticism of the Air Force for handling ANP under the advanced
development program rather than going all out for an early weapon system

was unsound,
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8. It incorrectly indicated that the current DOD guidance related

to a militarily useful airplane when it actually related tg

useful propulsion system.

a militarily

9., It incorrectly indicated that the DOD had not supported early

flight because it was based on the direct air cycle system,
10, The statement regarding the 1,000~hour operating r

pointless since both cycles were designed to exceed this.,
11, It incorrectly stated that present landing fields

modate an aircraft heavier than 500,000 pounds,

requirement was

could not accom=-

12, It incorrectly stated that the area between the crew compartment

and the reactor was too radioactive for equipment and bomb

.

13. It indicated that the DAC reactor might release fission fragments

during takeoff and landing, although these operations would be performed

on chemical fuel,

14. It overemphasized the danger of leaks in the indirect cycle,

This was essentially a common design problem and would not

loss of the aircraft,

necessarily mean

15. Keeping liquid the lithium and sodium-potassium heat—iransfer fluids

was not the severe problem depicted.,

16. Reactor materials for the power plant were past the laboratory

stage,

17. The liquid-fuel (fireball) reactor had been terminated because

of lack of funds, not impracticability.

18. The nuclear reactor was potentially no more dangerous in the event

of accident than the fuel carried in other large aircraft.

Unsafe operation

was not inherent but was amenable to engineering and procedural solutions.
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To these might well have been added two other points. First, the
statement on McConets pessimistic views concerning indirect cycle "plumb-
ing" was misleading since he had more recently testified before the JCAE
on 18 January 1961 that neither cycle presented insurmountable problems.
Second, the cost of development appeared to be overemphasized, particularly
in comparison with programs of similar importance. Although the Government
had spent approximately one billion dollars, this had been spread over a
l5-year period. Allowing for price inflation, it still fell below the de-
velopment cost estimated in the Lexington Report of 1948. Only $35 million
was "saved" for fiscal year 1962 by the revamped program, since it replaced
an already low-level program., This amount was small in comparison with
both the total ANP obligations through fiscal year 1961 ($1.04 billion)
and the President!s DOD budget for fiscal year 1962 (about $42 billion).
The implication that another $700 to $800 million was "saved" by removing
the need to build an experimental aircraft also seemed of doubtful 1ogic.38

Secretary of Defense McNamara provided the principal rationalization
for program cancellation when he appeared before the Senate Committee on
Armed Services on 4 April 1961. Drawing heavily on the D/DR&E white paper,
he emphasized the past and possible future costs of the program, the techni-
cal uncertainties and hazards, and the lack of a specific military require-
ment, He conceded that a nuclear-powered aircraft could already have flown
had a larger effort been made, but he depreciated its value. He did not
admit, as had the white paper, the several possible military uses of a
nuclear-powered aircraft and expressed doubt of the value for either science

or national prestige of nuclear flight.39

The most emphatic public rejoinder came from Representative Price,

—
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who stated: "The Kennedy decision was in error because of incorrect advice

provided by his scientific and defense advisers. The same people who have
been assembling the information for decisions on ANP provideﬁ the input
again.,” Citing as evidence the failure of the DOD to "consult the experts
responsible for the direction of the program and for the‘de lopment of the
designs" when establishing the new program criteria (that of128 February),
he charged that "the members of the new‘Administration in the%Defense Depart-

ment relied solely on the advice and recommendations of the same people in

the Defense Department who have been against the project»fbriyears.“ He
further contended that these advisers "were not familiar wit1 the technical
developments in the program and had not even attempted to obtain first hand
information regarding our nuclesr propulsion program.“l"0
"Wrapping up" Air Force participation in the ANP program began on 3
April 1961, when the DCS/Dévelopment directed his Assistant DCS for Nuclear
Systems to terminate all contracts, reprogram outstanding fupds, evaluate
program elements with a view to conservation, and reassign ersonnel. The

Nuclear Systems office would continue to function until reorganized. It

would draft development plans; assemble records for documenting the techni-

cal, organizational, management, and financial history; and develop a
schedule for the reassignment of personnel and the transfer bf functions.*
Secretary Zuckert emphasized that the ANP contracts should be terminated
in as orderly a manner as possible, with an effort to continue those re-
search elemenﬁs of continuing inteiest to the Air Force for purposes other

than ANP.Ll

Actually the office continued to function as a center for the moni-
toring and coordination of nuclear research and development matters.
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By the end of April the Air Force had sent termination notices to
General Electric, Pratt & Whitney, Lockheed, Convair, and several smaller
companies, Since some of the work supported such USAF-generated nuclear
propulsion projects as Pluto, it was also necessary to transfer contracts
and reprogram funds through the current contract period.42

A principal termination problem involved disposition of USAF instal-
lations constructed for the program contractors at a cost of more than
$100 million at Evendale, Ohio; Dawsonville, Ga.; and Middletown, Conn. *
Utilization of employees at Evendale and Middletown, where General Elec~
tric and Pratt & Whitney propulsion activities were concentrated, was also
a matter of concern, Although the AEC had received $25 million for re-
search on high-temperature materials and reactors during fiscal year 1962,
it appeared in April 1961 that only $19 million of this would be actually
available for 1962 expenditure., The AEC consequently planned a program
to include $4.5 million for high-temperature materials research by General
Electric at Evendale and $14.25 million for similar research plus advanced
reactor study and development by Pratt & Whitney at Middletown. This work
would utilize only a small portion of the available facilities, and General
Branch proposed that the Air Force maintain title pending possible use in
other programs., The outlook was bleakest at the Georgia Nuclear Labora-
tories in Dawsonville, built for Lockheed!s investigations on the effects

of radiation on aircraft components.

Two other installations-~the Convair installation at Dallas, Tex.,
and the incomplete Nuclear Engineering Test Facility at Wright-Patterson
AFB, Ohio--were found to be useful in continuing phases of the USAF atomic

energy progranm,




A Final View
Several factors had made the ANP program vulnerable to

nation action, Despite the technical advances since 1946, t
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the termi-

Lthere were

still many in 1961 who doubted that industry could develop a nuclear

combination even in the next decade to power weapon systems

of the tra-

ditional "higher and faster® strategic type. Perhaps as important was

the changed situation evolving in the area of strategic weapons since

1946, At that time the major argument for a large-scale prc
the limited range of the chemically fueled strategic bomber
sultant restrictions on its operations. By 1961, these had

measure been corrected by improved air refueling techniques

)gram was
and the re~
in large

and better-

performing jet engines., The intercontinental ballistic missile also

appeared ready to take over a large share of the strategic r
confidently forecast satellite bomber operations in the not-

future, and large resources were being allocated to support

related concepts. The reasons for continuing the ANP progr

role., Many
too~distant
this and

therefore

had to be recast in terms of new missions--low-level strategic penetra-

tion, airborne alert missile carrier, logistic transportati

Air Force itself found far less appealing than the original

n--which the

one, The

competition with other advancing technologies for financial and scienti-

fic reéources also had adverse effects on the ANP program,

such‘fhctors were far more important in the death of the pr¢
the seemingly proximate one--the desire of the new national
tion to build up near-term military strength without drastic

in the defense budget.

Altogether,
pgram than
administra-

> increases

Congress severely and repeatedly criticized the program throughout
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its life--for its uncertain and vacillating management, its inability

to produce concrete achievements, and its unfavorable progress when com-
pared with the programs for the nuclear-propelled submarine and the inter-
continental ballistic missile. Although the comparisons lack validity

to the extent that the ANP technical problems were of a greater order of
difficulty, it is probably true that a more highly integrated and heavily
supported program could have achieved mofe. Unfortunately, this required
a higher degree of official urgency than the program ever acquired., Finan-
cial support was always uncertain, and the program underwent repeated re-
evaluations that reflected the organizational pulls being exerted upon it
and the varying interests of the participating agencies.

Perhaps the Air Force should have deemphasized the weapon system ap-
proach until a nuclear-propelled aircraft had flown—it subsequently came
to accept this view, at least in part-—-but this would have been a contra-
diction to the general philosophy of the time on military development
programs of this scope. One had only to recall Secretary Charles E, Wil-
son's disparaging remark of 1953 regarding the Air Force's "shitepoke"
and the continued attacks on the ANP program following the nonspecific
JCS statement of 1959 to realize that the chances of getting large sums
for "only" an experimental aircraft were slim indeed. Under these circum-
stances, the nuclear aircraft proponents were under heavy pressure to tie
their hopes to the weapon system approach. Contractors doubtless aggra-
vated the situation with their excessive optimism on development schedules
and performance objectives, Although this optimistic attitude was common
to many programs, it appears that it complicated the handling of the ANP
program unduly, especially in view of JCAE's constant attention and

pressures.
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Despite the ultimate frustration, great advances were made in the
technology of aircraft nuclear propulsion. It seems particularly ironi-
cal that the ANP program ended when answers to most of the questions

raised in the Lexington Report were at hand and both reactor projects

were apparently making excellent progress. Reactors had been reduced
tremeﬁdously in size while power output underwent a correséonding increase,
Airframe contractors had solved many difficult technical problems bearing
on flight by nuclear power, There was also an impressive ﬁindfall of

side benefits in the form of scientific advances applicablj to many

fields of knowledge. Although ANP was officially dead as %n Air Force

program, many still confidently looked forward to nuclear-powered air-

craft flight at some indefinite future date,
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Gp for ANP, in D/Plans FFD ANP-60. |

Ltrs: Col G,D, Hughes, Actg Ch/SAD, D/(R to D/OR, 4 Mar 60, subj:
ANP; Asst DCS/D for NS to Ch/SAD, 7 Mar 60, subj: Rpt of Air Staff
Ad Hoc Gp for ANP, both in D/OR SAD W/S 1-6-4~-ANP AHG,

Ltrs: Chmn/Mp Bd to Chmn/Wp Bd Panels, 29 Feb 60, subj é’ Gen Guidance
for Reprogramming; Col Hughes to D/OR, 4 Mar 60; Asst Dep D/Plans
for WP to D/Plans, 30 Mar 60, subj: ANP Ad Hoc Cmte; DCS/O to DCS/D,
25 Apr 60, subj: Proposed Ltr to AFCSA on SAB Ad Hoc Cmte Rpt of

17 Jul 59, all in Asst/NE R&D 2-ANP Gen., |

Ltrs: DCS/0O to DCS/D, 25 Apr 60; Asst DCS/D for NS to DCS/D, 9 May
60, subj: ANP B-70 Study; D/OR to D/Sys Dev, 15 Jun 60, subj: ANP
B-70 Study, all in Asst/NE R&D 2-ANP Gen. i

Ltr, Secy/Strat Air Panel to Members, 3 Jul 60, subjs: +betin_g
Minutes—-ANP Status Rpt, in D/OR SAD file. |

Ltrs: Secy/Strat Air Panel to SAD Panel, 26 Jul 60, subj: Notice
of Strategic Air Panel Mtg, w/atch, in D/OR SAD file; Dep Asst/NS
to D/Dev Prog, 15 Aug 60, subj: USAF rarticipation in ANP, w/atch
sum, in Asst/NE R&D 2-ANP Gen.

Ltr, DCS/D to C/S USAF, 24 May 60, subj: Request for SAB Review of
ANP Prog; Rpt of SAB Ad Hoc Cmte on ANP, Jul 60; ltr, VC/S USAF to
Chmn/SAB, 23 Aug 60, subjs SAB ANP Ad Hoc Cmte Rpt, Jul 60, all in

Presentation to Weapons Board by Col G.D. Hughes, 24 Aug 60, Air-
craft Nuclear Propulsion Prog. ‘

Ltr, CINCSAC to C/S USAF, 29 Aug 60, in Asst/NE R&D 2-ANP Gen.
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20,
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8.
9.

14.

15.

Ltr, C/S USAF to SAF, 21 Sep 60, subj: The ANP Frog, in OSAF 14-60.

Ltrs: Asst/NS to Ch/Prog Fdg Div, D/Dev Prog, 17 Nov 60, subj:
Current Status Rpt; Dep Asst/NS to COMARDC & Ch/ANPO, 15 Dec 60,
subj: Cancellation Notices for SOR's 81 & 172, both in Asst/NE R&D
2-1960,

CHAPTER IV
Report to Secretary of the Air Force on ANP Program, prep by Asst
DCS/D for NS, 10 Jan 61, in OSAF 58-61 Bulky; 1ltr, B/Gen J, A.
Dunning, Dep D/Plans for WP to D/Plans, 21 Mar 60, subj: Aircraft
Nuclear Propulsion, in Asst/NE files,

Rpt to SAF on ANP Prog; memo, Asst/NS to M/Gen R, C, Wilson, 2 Jun

60, subj: Recent ANP Prog Developments, in Asst/NE R&D 2-ANP Gen,

Memo, Asst/NS to Wilson, 11 Msy 60, subj: ANP Prog Dev, w/atch
(Speech of Rep Melvin Price, 5 May 60), in Asst/NE R&D 2-ANP Gen.

HR Rpt 1561, 86th Cong, 24 Sess, pp 68-70.

HR Rpt 2181, 86th Cong, 2d Sess, p 29,

Memo, Asst/NS to Wilson, 2 Jun 60,

Rpt of SAB Ad Hoc Cmte on ANP, Jul 60, in OSAF 14-60,
Ibid.

Ltr, VC/S USAF to Chmn/SAB, 23 Aug 60, subj: SAB ANP Ad Hoc Cmte
Rpt, Jul 60, in OSAF 14-60,

Draft memo, D/DREE to SOD, 20 Sep 60, subj: ANP Prog, w/atch.
Ibid,

Ltre: Chmn/Subcmte on R&D, JCAE to SOD, 16 Nov 60; Asst SAF(R&D)
to Chmn/Subemte on R&D, JCAE, 3 Jan 61, both in OSAF 14-60,

‘Memo for Record by Wm Weitzen, Dep/Dev to Asst SAF(R&D), 13 Sep 60,

subj: ANP, in OSAF 14-60,

Ltr, Asst/NS to Asst SAF(R&D), 14 Sep 60, subj: System 1254, ANP,
in OSAF 14-60; memo, Dep Asst/NS to Ch/R&D Prog Fdg Div, D/Dev Prog,
17 Mar 61, subj: Additional FY 1961 Funds for ANP, in Asst/NE files.

Memo, C, E, Perkins, Asst SAF(R&D) to D/DR&E, 22 Dec 60, subj: ANP
Prog, in OSAF 14-60; Rpt to SAF on ANP Prog by Asst/NS, as cited in
nl.
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18.

19.
20,

21,
22,
23.
24,

25,
26,
. 27,

28,

29.

30.
31.
32.

Quoted in memo, Dep Asst/NS to D/LL, 21 Feb 61, subj: A
Position, in Asst/NE REL-3,

Rpt to SAF on ANP Prog by Asst/NS, App B.

Ltrs: Price to SOD, 1 Feb 61; John S, Graham, Actg Chmn
9 Feb 61, both in OSAF files.

Ltr, C. W, LaPierre to Gilpatric, 16 Feb 61, w/atch ltr
same date, in OSAF 58-61,
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ir Force

/AEC to SOD,

to McNamara,

Memo, Dep Asst/NS to DCS/D, 8 Feb 61, subj: GE ANP Presentation to

Secretary Charyk, in Asst/NE files.

Ltr, Dep SOD to Chmn/AEC, 28 Feb 61, in OSAF 58-61,
Ltr, Chmn/AEC to SOD, 2 Mar 61, in OSAF 58-61.

Ltr, Price to Dep SOD, 13 Mar 61, in OSAF files.

Memo for Record by Maj R. M. Hancock, D/LL, 15 Mar 61,
before the JCAE on ANP, in OSAF 58-61.

Memo, Asst SAF(R&D) to D/DR&E, 22 Dec 60, subj: ANP Pro
14-60,

ASSS, Asst/NS to OSAF, 14 Feb 61, subj: Air Force Posit
w/atch draft ltr to SOD; memo, Col Chas A. Callahan, Of
to DCS/D, 2 Feb 61, subj: Review of Major Progs, both i
files.

Memo, Dep Asst/NS to D/LL, 7 Mar 61, subj: Information
to Base a Reply to Cong Clancyt!s Inquiry on ANP, w/atch
REL-3.

Memo, David F. Shaw to Gen Branch, 14 Mar 61; Memo for
L/Col Bruce D. Witwer 27 Mar 61; memo, Asst/NS to DCS

subj: Hearings

g, in OSAF

ion on ANP,
f of Asst/NS
n Asst/NE

upon Which
, in Asst/NE

Record by
D, 30 Mar 61,

subj: Analysis of GE B-52/ANP Flight Test Proposal, w/atch, all in

Asst/NE files.

Memo, Cyrus R. Vance, DOD Gen Cnsl to SA, SN, SAF, et
w/atch D/DR&E study, Aircraft Nuclear Propulsion, 20
in OSAF 1220-61.

D/DR&E study, ANP.

Draft ltr, SAF to SOD, nd, w/2 atch, in OSAF 1220-61.

1., 22 Mar 61,
r 61, both

.3 memo for Gen Haugen, ns, 28 Mar 61, in Asst/NE files; memo,
U/SAF to SOD, 24 Mar 61, subj: White Papers, in OSAF 1220-61.
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33.

34,

35.

36.
37.
38,
39.

40,

43.

Atch 1 to draft ltr, SAF to SOD, nd.

Statement to Accompany Budget for Fiscal Year 1962, by President
John F, Kennedy, 28 Mar 61.

Memo, Asst/NS to SAF, 14 Apr 61, subj: Gen Branch's Comments on ANP
and DDR&E White Paper, w/2 atch, in Asst/NE files.

Ibid., Atch 1.
Ibid., Atch 2,
Ltr, Graham to McNamara, 9 Feb 61, in OSAF 58-61,

Statement of Robert S, McNamara before Senate Committee on Armed
Services, 4 Apr 61,

Rep Melvin Price, "Who Killed ANP," Aircraft and Missiles, May 1961,
pp 33=34.

Memo, DCS/D to Asst/NS, 3 Apr 61, subj: Termination of ANP Prog;
ltr, Dep Asst/NS to D/LL, 18 Apr 61, subj: Utilization of ANP Capa-
bility at GE, u/atch both in Asst/NE files.

USAF Current Status Rpt, 1 May 61, Sec 9-40, ARDC Mission Area,
Apr 61,

Ltr, Asst/NS to D/Proc & Pdn, 18 Apr 61, subj: Utilization of Former
ANP Facils, w/3 ateh, in Asst/NE files.
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GLOSSARY

ADO Advanced Development Objective
AEC Atomic Energy Commission
AFCHO ; USAF Historical Division Liaison Office
AHG Ad Hoc Group
\ ANP Aircraft Nuclear Propulsion
ANPO Aircraft Nuclear Propulsion Office
ARDC Air Resgearch & Development Command
ASSS Air Staff Summary Sheet
BOB Bureau of the Budget
CAMAL continuously airborne missile launcher
Cnsl Counsel
DAC direct air cycle
D/DR&E Director of Defense Research & Engineering
DOD Department of Defense
Fdg Funding
FPD Force Plans Div
GOR General Operational Requirement
IDC indirect air cycle
- JCAE Joint Committee on Atomic Energy
JCS Joint Chiefs of Staff
JRDB Joint Research & Development Board
LL \ ' Legislative Liaison
MIT Massachusetts Institute of Technology
MLC Military Liaison Committee
NACA ' National Advisory Committee for Aeronautics
nd no date
NE Nuclear Energy
NEPA Nuclear Energy for Propulsion of Aircraft
NS Nuclear Systems
NSC National Security Council
0 Operations
OR Operational Requirements
0sD Office of the Secretary of Defense
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Pdn
Prog
RDB
ROC
SAB
SAD
SDR

- SLAM

SN

U/SAF

WADC

WSEG

Production
Program

Research & Development Board
Research & Development Objectives
Required Operational Capability

Secretary of the Army

Scientific Advisory Board

Strategic Air Division

Strategic Air Panel

System Development Requirement
supersonic low-altitude missile launcher
Secretary of the Navy

Secretary of Defense

Specific Operational Requirement

Under Secretary of the Air Force

with

Wright Air Development Center
War Plans

Weapons Systems Evaluation Group



~
o~

-sweqsfg TeoTOWN JOF (/SOQ ISV JO 9OTII0 $9OINOF

- *STeq0% LABN UT POpPUTOUT J0U PUB JV 03} PatIsgisued} spunyg ‘¥ °spuny jo
uoT)B3T[qo-9q °© <*jJoddns Texsusd » SWEIIATY P °*59509 B sUOTIESTIqD °O °SUOTFEIITAD *q °oTq®%3 STU3 MOTTOF 3Xe} oyq UL saJndtyg %

9l2°9c0°T 6999 LoE2 et 9LLflz TOT 06T  90Efee  2em‘1e €26°let L66°16 onE‘99Z  IVIOL
p°) 208%z0t - - - - 00L°€ oo0c'e€ 009°9¢ - 9Ls%g Sants TLNT (389) 19
09 nog€setT - - - - 199°c  gmefte 602° 0 - 9€0°TT 959°¢S goLeEn 09
65 FAR AT - L05°T 2€6°T - gETN  TQS°9T £€92¢25 - 26921 - 69€“6¢ 65
gs  mseftmt - g9t 919 2€8 negn  ogsfor  €Iths < 8LLEN  (000°W)  SQTPZ9 8s
LS £96°59T - 00S°T - - f€olfg  T2h°6e 069°1MM - g19°le 026°TE 1€Ten ls
95 2lTélsT - G6T°€ - STS 915 STLCL2 Lo 12 - G26°EE SLEETH M26°L2 9¢
£ 689°€S - 005 - - - 0LE€ST rAIrAL - T€6°3T 61L6 L60°9 qs
ns L TAL A - 00T - - s() 226°g 20M°6 - 6L8°T 2TLE 1Ll N4
€S 9€2¢6S - 002 - - 0002 QT9¢L sgnéoe - 9€lotT 000°2 L6T9T €S
¥4 0z0°Le - - - =005 - 60T¢. 98¢ - 6£0°¢ - L0oo%€T 28
153 €519 - -~ - - - 1L6¢S - - 625 005°T osL 5
0s €899 - - - - - €gE°T - 002¢S 00T - - 0s
61 9989 =005 - - - - - - 29L°9  Mgo - - 6N
gm  0ST‘9  2000°T - - - - - - 0sT9 - - - 8
Ln 000°2 - - - - - - - 0002 - - - n
9N 00£°T - - - - - - - oottt - - - o
i 18303 VIR D % 31040 e1040 §9 o194n e 194D Vam =5 % aTokD YY) iz

I3ITY J08ITPUT  399XTQ 908JTpUl  308IIQ oubiyary  90oqTpur  399a1Iq
TAN »0qY _ «A0H0d WV
__(spuesmnoyg ur)
Ffousdy £q Butpung 3JBIDITY peuuEy JNV
T °19%)

T xTpusddy




78

*sweysdg JesTonN J0F @/S0Q ISSY JO 9OTJJO to0amog
*UOTRBUTWISY JOBIIUGD JO 408JJ2 308TJod J0U S80( °JI8A0LIIBD T°T$ PUB YON
0°2L$ ST unowe @oJog JITY 9yl °*3e3pnq TBUOTSSaxduod T94T AJd UT sjunoww squasexdey *q

*squnowe 80104 JITY 9y}
UT POpnTouUY pusB 0404 JITY 03 paxasysusly spumy Lasy ussw seseyjuexed uy seandyy °F¥

L €80°T¢ 9°2T$ 6°855¢ rAFA(% TVIOL
qumwm - = Tel €L (persuTis®) T96T
£°9¢6 9°2T 8°68Y 6°LEY 09-9%761
FALTA [ 09 Al ] 0961
¢°geT Yeg T°2% 0°€L 66T
VAR VAT 6°2 0°€9 G°SL 8561
0°98T ST L°T0T 8°e8 LS6T
€°LST L€ 6°€0T L 6% 96T
6°€S G* 8°82 9°ve 66T
82 T ¥°9 £°8T 66T
2°66 A 6°82 T°0¢ €561
6°92 (s*) 0°9T 6°0T 266T
0°6 - 8°C 2°9 TS61
L9 - £ 7°T 0561
6°9 (¢°) 6°9 - 6761
2°9 qho.av AL - 8761
O . N - O . N - bﬁ@.ﬁ
€T ¢ - $ €T ¢ -$ 9761
o391 A%y NDVI6T 1TV 7q¥ J80X [BoSTd

(SUOTTITW ur) Axeuumg
(seTousdy TTV) AVED0SI LAVHOWIV TANNVA dNv

Ve °Tqel
T xtpuaddy




79

*swelsfg aseTony J0J (/SOd 4SSV JO 9OTJJO $edanog

[ARALE ] 6°6¢ ¢ e (A 8°Lr7¢ TVIOL
257 o't Al T°0L (pesurysd) T96T
6°LEY 6°8¢ €°1e L°LLE 09-9761
769 e i 32 8729 0961
0°€L 6°1 £ 8°99 6561
G 6L 6°8 7Y 229 856T
g°e8 7°6 A4 6°89 LS6T
L°67 0°¢ LT 0°sY 9561
9°7e L* €1 9°¢ee GG6T
£°8T T°€ 9° 9°71 7661
T°0€ g°et G* €°LT €661
6°0T A T° 9°0T 2961
29 L® - 6*s 1661
71 - - KARY 056T
- - - - 6761
- - - - 8761
- - - - L761
-$ - ¢ ~$ -$ 9761
suoT3e3T1q0 81809 §3800
T&I0] A wﬂﬂuﬂ.ﬂ.ﬂv mmﬂ.wlé SUCTy6x ) T89] 189574

SUOTTTIW UI) AJeummg

gz o1qel
T xtpusddy




*sweysdg JweTonyN J03 (/SOQ 38SY JO 9OTJJO $69an0g

*squnows 80J04 JITY oY%}
UT PepnIouf pus 8210 ITY 03 poJaaysuea) spunJ LAsy uesw seseyjusyed uy seandyg °F

9°2T4 6°8554 6°9TTS 0° g V0L

~
o
~

0°eL (pesemrisg) T96T
0°0LE 099761

09%T
6561
8961
LS6T
9561
6661
7661
£S6T
2661
96T
0961
6761
8761
L761
$ - $ 9761

TLA0 16391 SOTFI (1084 SU0T619d0 Tes) 1608 1d
90404 A1V

3

8 987

[ ]
1111100 ogﬁﬁlq

o
MONOM&OQNiiHmH%

]
CASEIRX

G
9
S
‘v.
4
€
0

.
—~ N
.

~ N

e o o
* Ld L ] *
HANOOVNNON

*

= N \O O NN\ 0O

L

(SUOTTTIW ul) Lxsumng
(£aBN pue 80104 JITV) RVEDOUd LAVUDUIV GENNVA ANV
AR C LN
T xTpuaddy




6T d (V%€ #) IX‘matasy Araeydend ny $30anog

81

WO
suoypiadQ pjei4

YWY siaiapnbposy

JaYy sidsipnbpoay

tuswdojaraq
10203y
jo uoisiag

r

o3v
Jobpubyy |pIB3UIL

1

SI9UOISSILLIWOD

swasAg JOIPNN
tuswdojeAag/sq sy

tuawdojarag/sda

dVSN  HPIS 3O JBIYD

33104 Jiy 9y} Jo Aupjaidag

1

uolssIWwWo?) saj1woy uoubJsIuIWpY
ABiau3 d1woy 994j1WWoN asuajaq uosioiy aspdg pub
jo uosion jo ST s314nDUOIBY
ubuuoy) Aioypiw Aipjaidag -UBI|IAID [PUOCHDN
juapisaid
T 348Y)

2 xypuaddy




82

‘1z d “(73€ #) IX‘meTaey LTI9%a8nd 1y :80.M0g

, Auodwoy yoaday uolpIg Is9)]
$10}2D44u0) (Sj1Aau0smpQq) paey>d0] ASupiym 9 oIy J0Jo03Yy |PUOHDN
JOM  3sNOY-u| . PO ok 4

! Ul (PudLIoW) peaiyyaoy DALY $I0)ODIY :
® . 1INy PIOHID uotsiAlg
D404 Jiy (YoM "14) 41DAUOSH } <Ummq H#40H 1501 oYop|
Auodwor
IFTLETE T YEITE-YoR
PO
suopIad( SJOIIDIY DIy PUD|O]
o ¢} ) 4 o e} ) 4 or ) 20
uoldeg uoydeg uoidag uoldag
yioddng swoupy ETEY S 12341puj 3pAy pauiq
P —————————
' youpug 1 youo.g

“ spoloug assiwy "

speloag oaoay

OdNV

Z 1a8UD
z xtpuaddy




DISTRIBUTION
USAF OTHER
SAF-GC 58-59,  AFRDC 141-142, ASI
SAF-0S 60. AFRDP 143-147. ASI
3. SAF-US 61-62.  AFRNE (BAF)
L.,  SAF-FM 63.  AFRST 48-152 . ASI
5. SAF-IE 6k,  AFSDC (HA)
6.  SAF-MA 65, AFSLP 53-200, AFCHO
T. SAF-MP 66. AFSME (stock)
8.  sAP-RD 67.  AFSMP
9.  SAF-AA 68.  AFsMs
10.  SAF-IL 69.  AFSPD
11-15. SAF-0I-1 70. AFSPP
16.  SAF-RR T1-T2.  AFSSS
17. AFAAC 73,  AFSTP
18.  AFAAF The  AFTAC
19.  AFABF 75-76.  AFXDC
20.  AFADA T7~78.  AFXOP
2l. AFAMA 79-83.  AFXPD
22.  AFAUD
23, AFBSA
2k, AFCAV MAJOR COMMANDS
25,  AFCC
26 AFCCS -8l , ACIC
27. AFCOA 85-86. ADC
28. AFCVC 87-88. AFCS
29-30. AFCVS 89-93.  AFLC
31. AFDAS 94-98, AFSC
32, AFESS 99-100, ATC
33. AFFRA 101-102. - AU
34-38, AFIGO 103. APAFC
39.  AFJAG 104, AAC
ko,  AFMSG 105. CAIRAC
41, AFNIN 106-107. CONAC
L2,  AFOAP 108,  HEDCOM
43,  AFocc 109-113.  MATS
L,  AFOCE 114.  OAR
45,  AFODC 115-119. PACAF
46.  AFOMO 120-126.  SAC
L7.  AFORQ 127-131. TAC
48,  AFOWX 132. USAFA
49.  AFPCH 133-137. USAFE
50.  AFPCP 138-140. USAFSS
51, AFPDC
52,  AFPDP
53.  AFPDS
5k,  AFPIW
55.  AFPMP
56.  AFPTR
57.  AFRAE




